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1 Introduction
The Expected EIRP regulatory requirement for band 6425-7125 MHz has been introduced at WRC23 [1]. The new requirement is also of a new type not previously covered by the 3GPP RAN4 conformance test procedures. 
The regulatory requirement should be included in the 3GPP documents so it can be implemented and more importantly we can derive a suitable conformance test methodology. As the new Expected EIRP requirement has some new concepts it may require some additional core definitions so it can be properly described. 
The incorporation of the regulatory requirement in the 3GPP core specification will be discussed in this paper.
2 Discussion
2.1	Requirement
The regulatory text states:

That, in order to ensure protection for the FSS (Earth-to-space), and taking into account considering d), the level of expected e.i.r.p. spectral density emitted by an IMT base station as a function of the vertical angle above the horizon shall not exceed the following values (No. 21.5 does not apply):
Vertical angle range
 θL ≤ θ < θH
(vertical angle θ above horizon)
Expected e.i.r.p. 
(dBm/MHz)
(See NOTES 1, 2 and 3)
0° ≤ θ < 5°
27
5° ≤ θ < 10°
23
10° ≤ θ < 15°
19
15° ≤ θ < 20°
18
20° ≤ θ < 30°
16
30° ≤ θ < 60°
15
60° ≤ θ < 90°
15
NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed: ‒ over horizontal angles from −180° to +180 °, with the IMT base station beamforming in a specific direction within its horizontal and vertical steering range, ‒ over different beamforming directions within the IMT base station horizontal and vertical steering range, and ‒ over the specified vertical angle range θL ≤ θ < θH. 
NOTE 2: An IMT base station shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed, taking into account considering m). 
NOTE 3: See the Annex to this Resolution for additional details on how the expected e.i.r.p. can be calculated for this frequency band


Considering d) states:
that it is assumed that only a very limited number of IMT base stations will be communicating with a positive elevation angle towards IMT indoor mobile stations.
It seems this does not need to be considered in BS requirements as it is a network planning issue. RAN4 specifications specify a single BS only.
Considering m) states:
that the frequency band 6 700-7 075 MHz (space-to-Earth) is used for feeder links of non-geostationary satellite systems of the mobile-satellite service (MSS), in accordance with No. 5.458B
This doesn’t seem particularly relevant to Note 2.
The notes in this case form an important part of the requirement. In 3GPP Notes are considered advisory only as such when we include the regulatory text we should not use these requirements as notes
2.2	New terms
The regulatory requirement as it stands has a few new terms.
Expected EIRP is the most obvious one and the regulatory document has a definition of this is Note 1.
NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed: ‒ over horizontal angles from −180° to +180 °, with the IMT base station beamforming in a specific direction within its horizontal and vertical steering range, ‒ over different beamforming directions within the IMT base station horizontal and vertical steering range, and ‒ over the specified vertical angle range θL ≤ θ < θH. 
On its own this is almost a suitable definition, but the terms need to be examined:
2.2.1	Vertical/Horizontal
The terms horizontal and vertical are not use extensively in the AAS specifications. Directions are declared in the conformance specification relative to the BS/AAS enclosure rather than the actual horizon. This is one of the major issues we have, Expected EIRP is defined against the horizon and BA/AAS has no reference to this.
Observation 1: Expected EIRP is specified against the horizon as a reference, AAS/BS spatial directions have no reference to this
Of course the primary meaning of horizontal and vertical are:
[bookmark: OLE_LINK146][bookmark: OLE_LINK147]Horizontal: parallel to the plane of the horizon; at right angles to the vertical
Vertical: at right angles to a horizontal plane;
So there is strictly speak no need to either define or clarify these terms they can be taken as they are used.
Observation 2: Horizontal and vertical can be taken as their primary meaning
Of course both terms are often used with secondary meanings which are not related to the horizon. If we are to use without any clarification we must ensure the rest of the document does not use them differently.
Horizontal and vertical are not used widely in the requirements:
· 38.104: Vertical is use 2x, horizontal is used once. Both are in the definition of the co-location reference antenna
· 38.141-2: Vertical is used 16 times, Horizonal is used 3 times. Both are used in the Co-location test antenna and annex I orthogonal grid cut definition.
In the definition of the co-location reference/test antenna the terms are used as follows (in 38.104 sub-clause 4.9):
The co-location reference antenna shall be a single column passive antenna which has the same vertical radiating dimension (h), frequency range, polarization, as the composite antenna of the BS type 1-O and nominal 65° horizontal half-power beamwidth (suitable for 3-sector deployment) and is placed at a distance d from the edge of the BS type 1-O, as shown in figure 4.9-1.
[image: ]
Figure 4.9-1: Illustration of BS type 1-O enclosure and co-location reference antenna
[bookmark: _Hlk505624375]Edge-to-edge separation d between the BS type 1-O and the co-location reference antenna shall be set to 0.1 m.
The BS type 1-O and the co-location reference antenna shall be aligned in a common plane perpendicular to the mechanical bore-sight direction, as shown in figure 4.9-1.
The co-location reference antenna and the BS type 1-O can have different width.
The vertical radiating regions of the co-location reference antenna and the BS type 1-O composite antenna shall be aligned.
In this case the vertical dimension is mentioned and referenced to the diagram and refers to the BA/AAS enclosure. It is consistent with the z axis in the reference co-ordinate system (in conformance specification). 
The horizontal term is used with reference to the horizontal half power beam width. This perhaps applies to both the enclosure and the horizon as generally the antenna would be mounted so the phi (φ) beam width was horizontal.
Finally the terms are used in Annex I of the conformance specification (38.141-1) in the description of the orthogonal cut method. This annex is normative so we must be careful however the terms are somewhat defined as they are used in the self-contained description as such unlikely to cause confusion.
Whilst the uses of the words are limited and relatively self-contained (and somewhat defined locally) they are used with reference to the BS/AAS coordinate system and not the horizon. As such could potentially cause some misunderstanding.
Observation 3: the existing use of Vertical and horizontal refer to the BS/AAS enclosure rather than the horizon. As such the words cold used differently in the sae specification potentially leading to confusion.
Whilst the issue is minor ensuing correct separation between the 2 concepts (BS/AAS coordinate reference and horizon reference) is important as such we should always be clear. As such either the new requirement text is modified to indicate vertical/horizontal are used with respect to the horizon or the other uses of the words are changed.
The simplest approach would be to clarify inside the new requirement text. 
Proposal 1: It is clarified in the new requirement that the terms vertical and horizontal refer to the horizon and not the BS/AAS enclose co-ordinate system.
2.2.1	Mechanical tilt
Note 2 states the following:
An IMT base station shall comply with the specified limits on expected e.i.r.p. spectral density for all mechanical tilts with which it can be deployed, taking into account considering m). 
The concept of mechanical tilts is clearly mentioned and is of course something that must be covered by compliance. However for the core requirement we assume that the BS/AAS is complaint to the core for all operational conditions unless otherwise stated. For example sub-clause 9.1 in 38.104 states:
Radiated transmitter characteristics requirements apply on the BS type 1-H, BS type 1-O, or BS type 2-O including all its functional components active and for all foreseen modes of operation of the BS unless otherwise stated.
Observation 4: Radiated transmitter Requirements are valid over all operational conditions
Existing directional measurements are met over the declared ranges but the nature of the declarations are not covered in the core requirement but the conformance requirement. In order to describe the concept of mechanical tilt it would be necessary to understand the existing co-ordinate system with respect to the BS/AAS enclosure and then describe how this has a reference location and what a tilt is compared to that. This would require moving many of the concepts currently only in the conformance requirements into the core requirement. 
Observation 5: Specifying mechanical tilt in the core specification would require many concepts which are not present in the core specification (only in conformance)
The correct place for mechanical tilt declarations and definitions therefore would seem to be the conformance specification it is not necessary to explicitly state it in the core.
Proposal 2: Define and make mechanical tilt declarations in the conformance requirements, it does not need to be specifically highlighted in the core requirement.

2.2.1	Beamforming/Beamforming directions
Beamforming is used in note 1:
NOTE 1: The expected e.i.r.p. is defined as the average value of the e.i.r.p., with the averaging being performed: ‒ over horizontal angles from −180° to +180 °, with the IMT base station beamforming in a specific direction within its horizontal and vertical steering range, ‒ over different beamforming directions within the IMT base station horizontal and vertical steering range, and ‒ over the specified vertical angle range θL ≤ θ < θH. 
Beamforming is not a term we use in the current requirements, we refer to ”beams” which are described by a “beam direction pair”.
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]The steering ranges are described by an “OTA peak directions set”.
These terms should be sufficient to describe the requirement without any new terms.
Proposal 3: Existing defined terms for beams and directions sets can be used to describe the beamforming directions in the regulatory text.

2.2	Core requirement
The new expected EIRP requirement is a regional requirement, it is also an emission requirement although it is specified considering the wanted transmitter frequency and radiated power rather than adjacent or other spurious emission frequencies.
Clause 9.2 is for BS EIRP
Clause 9.3 is for BS TRP
In addition we have sub-clause 9.7.4 OTA operating band unwanted emissions which also has an additional requirement sub-clause. The general clause states requirements are TRP unless otherwise stated so whilst this is not TRP we can state otherwise.
There is some precedent for this is 37.105 where in the same OBUE additional requirement section we have sub-clause 9.7.5.2.4.7 which has some EIRP requirements. If necessary we could also modify the text in the general clause to specifically indicate the Expected EIRP requirement.
[bookmark: OLE_LINK148][bookmark: OLE_LINK149]“The OTA limits for operating band unwanted emissions are specified as TRP or Expected EIRP per RIB unless otherwise stated.”
And it needs to be clarified in clause 9.7.1 that it is not an out-of-band emission.
“There is in addition a requirement for occupied bandwidth in 9.7.2 and for Expected EIRP in 9.7.4.2.1”
A new regional requirement under 9.7.4.1 would seem to be the correct place for the expected EIRP requirement.
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To ensure protection for the FSS (Earth-to-space) for BS operating within the frequency band 6425-7125 MHz, the Expected EIRP shall not exceed the limits in Table 9.7.4.2.1.3-1.
The Expected EIRP is the average value of the EIRP, with the averaging being performed:
· over horizontal angles from −180° to +180 °and
· the specified vertical angle range above the horizon in Table 9.7.4.2.1.3-1
and with the BS generating beams over different beam peak directions within the OTA peak directions set.
Table 9.7.4.2.1.3-1: Expected EIRP limits.
	Vertical angle range
 θL ≤ θ < θH
(vertical angle θ above horizon)
	Expected e.i.r.p. 
(dBm/MHz)

	0° ≤ θ < 5°
	27

	5° ≤ θ < 10°
	23

	10° ≤ θ < 15°
	19

	15° ≤ θ < 20°
	18

	20° ≤ θ < 30°
	16

	30° ≤ θ < 60°
	15

	60° ≤ θ < 90°
	15





3	Summary
This paper discusses the introduction of the Expected EIRP requirement into the core BS requirement TX 38.104. It makes the following observations and recommendations:
Observation 1: Expected EIRP is specified against the horizon as a reference, AAS/BS spatial directions have no reference to this
Observation 2: Horizontal and vertical can be taken as their primary meaning
Observation 3: the existing use of Vertical and horizontal refer to the BS/AAS enclosure rather than the horizon. As such the words cold used differently in the sae specification potentially leading to confusion.
Proposal 1: It is clarified in the new requirement that the terms vertical and horizontal refer to the horizon and not the BS/AAS enclose co-ordinate system.
Observation 4: Radiated transmitter Requirements are valid over all operational conditions
Observation 5: Specifying mechanical tilt in the core specification would require many concepts which are not present in the core specification (only in conformance)
Proposal 2: Define and make mechanical tilt declarations in the conformance requirements, it does not need to be specifically highlighted in the core requirement.
Proposal 3: Existing defined terms for beams and directions sets can be used to describe the beamforming directions in the regulatory text. It is also proposed the following new sub-clause is added to sub-clause 9.7.4 to capture the Expected EIRP requirement.
9.7.4.2.1.3	Expected EIRP
To ensure protection for the FSS (Earth-to-space) for BS operating within the frequency band 6425-7125 MHz, the Expected EIRP shall not exceed the limits in Table 9.7.4.2.1.3-1.
The Expected EIRP is the average value of the EIRP, with the averaging being performed:
· over horizontal angles from −180° to +180 °and
· the specified vertical angle range above the horizon in Table 9.7.4.2.1.3-1
and with the BS generating beams over different beam peak directions within the OTA peak directions set.
Table 9.7.4.2.1.3-1: Expected EIRP limits.
	Vertical angle range
 θL ≤ θ < θH
(vertical angle θ above horizon)
	Expected e.i.r.p. 
(dBm/MHz)

	0° ≤ θ < 5°
	27

	5° ≤ θ < 10°
	23

	10° ≤ θ < 15°
	19

	15° ≤ θ < 20°
	18

	20° ≤ θ < 30°
	16

	30° ≤ θ < 60°
	15

	60° ≤ θ < 90°
	15
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