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Introduction
In this paper, we continue to discuss the left open issues in UE Tx RF requirements in this NR-NTN enhancement topic.
Beam direction for min peak EIRP
In last #110bis meeting, we raised a concern over the measurement metrics for min peak EIRP. More specifically, the concern is over the beam direction for measuring the min peak EIRP, where we identified a potential mismatch between the requirement and measurement metrics for the min peak EIRP of VSAT. 
In previous meeting, the min peak EIRP was defined and determined in a way that to guarantee the link budget for the VSAT to reach SAN under lowest supported elevation angle. While the test metric was drafted as ‘Link = TX beam direction, Meas = Link angle’, making the min peak ERIP tested under the beam peak direction.
· For parabolic antenna, this is acceptable because the parabolic antenna would anyway mechanically steer to whichever elevation angle it would operate with. 
· But for the phased array antenna, this mismatch would fail to check the min peak EIRP and its connection to the SAN under lowest elevation angle. 
The above mentioned differences between two antennas types can be depicted in figures below.
Figure 1-1 The EIRP difference on different directions
Top: Parabolic antenna; Bottom: Phased array 40x40 antenna
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Observation 1: The Tx EIRP on different directions from a parabolic antenna on mechanical tilting platform can be assumed at same level in beam peak direction and other elevation angle direction. The parabolic antenna on mechanical steering platform will always use its ‘beam peak direction’ to all supported elevation directions.
Observation 2: The Tx EIRP on different directions from a phase array antenna on electronic steering platform will be different. More specifically, the EIRP of a phase array antenna electronically steered to a lower elevation angle will be lower than the beam peak direction due to two major factors: 1) The gain difference due to electronic beam steering; 2) The additional power reduction due to off-axis eirp exceedance.
In addition, the beam peak direction Tx EIRP of a 40x40 phased array is lower than a parabolic antenna due to its obligation to off-axis eirp mask compliance.

Figure 1-2 The geometry of a phase array antenna and its supported elevation angles
Left: The coordinate systems on actual on-vehicle VSAT
Right: The beam peak and low elevation angle in the coordinate system
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As expressed in the figure above, the min EIRP requirement is actually determined for the lowest elevation angle, however the beam peak direction by its nature will be the direction perpendicular to the phase array panel. 
Thus in order to test the min peak eirp and to verify its connectivity to the SAN at lower elevation angle, the min peak EIRP should be verified for the grid of the spherical area within the supported elevation angles above the phase array panel, and it can be described in the figure below.
Figure 1-3 Measurement grid for min peak EIRP of a phase array VSAT
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Proposal 1: For measurement metric for min peak EIRP for Type 1/4 VSAT (mechanical steering antenna), the min peak EIRP can be verified for the beam peak direction, assuming the rotating motors can be cover all declared elevation angles.
· If the rotating motors cannot cover all declared elevation angles (e.g. hybrid steering), the min peak EIRP should be verified for the spherical grid between the declared supported lowest elevation angles, like a electronic steering type VSAT.
Proposal 2: For measurement metric for min peak EIRP for Type 2/3/5 VSAT (electronic steering antenna), the min peak EIRP should be verified for the spherical grid between the declared supported lowest elevation angles (as shown in Figure 1-3).
For the VSAT with hybrid antenna, the previous discussion agreement also applies, that is “And for the the hybrid beam steering capable UE, which can adjust its antenna(s) or beam(s) in both electronic steering and mechanical steering ways, the applicable requirements should follow either electronic or mechanical beam steering requirements depending on the UE type it declared.”. 
Proposal 3: All types of VSAT should declare its lowest supported elevation angle.
· For Type 1/4, it can be derived from its capability from the associated rotating motors/platforms.
· For Type 2/3/5, this can be derived from its beam steering capacity.
· For hybrid, it should first declare its VSAT type as agreed, and the lowest elevation angle can be derived from its mechanical and/or beam steering capabilities.
With the electronic steering declared elevation angles, the VSAT type 2/3/5 shall be verified based on the self-declaration about its supported elevation angles. In this circumstances, the VSAT performance of type 2/3/5 cannot be checked if there’s no limitation on such declarations. In order to not make the requirements redundant or useless by introducing the self-declaration for min peak EIRP for VSAT, a maximum value for this declared supported lowest elevation angles is needed. Otherwise, it is possible that a VSAT will declare the lowest elevation angles as 90-deg, and then its performance for lowest elevation angle cannot be verified.
Proposal 4: RAN4 to define this declared lowest elevation angle shall be at most [60-deg].

Then the issue is now how to test the min peak EIRP in this spherical grid in details. In last meeting, we proposed the draft CR and it was endorsed as:
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The following requirements define the maximum output power radiated by the Mobile VSAT for any transmission bandwidth within the channel bandwidth for non-CA configuration, unless otherwise stated. The period of measurement shall be at least one sub frame (1ms). The minimum output power values for EIRP are found in Table 9.2.1.2-1. The requirement is verified with the test metric of EIRP (Link=[Spherical coverage grid], Meas=Link angle).
[Note: VSAT spherical coverage grid should cover the areas with its declared supported elevation angles in the reference coordinates system in Annex J.1.]



However, then we identified the Annex J was not existed yet in current TS 38.101-5, and we were proposing it to refer to the Annex J in TS 38.101-2.
Thus, we propose to update the previous Note in this section, and updated it with the Figure 1-3 to explain the spherical coverage grid. This proposal will be captured in a separated draft CR T-doc.

Max TRP
In last meeting, the max TRP for Type 1/4 VSAT was agreed, but the max TRP for Type 2/3/5 was still pending for agreement.
	Offline agreement:  
For maximum TRP:
· For type 2,3, 5 with electronic steering antenna (e.g. phase antenna array) 
· [43dBm] for further ACLR evaluation; if there is coexistence issue identified for 43dBm next meeting, then set 40dBm as maximum TRP power; 
· The maximum EIRP 76.2 is not changed, the antenna gain for other TRP values could further adjusted; 



Given the increased VSAT max TRP would possibly increase the resulting peak EIRP and its off-axis EIRP level, in order to protect the Terrestrial network and to ensure the protection from the derived ACLR by co-ex studies, the maximum EIRP and off-axis EIRP mask must be un-changed and complied.
With the max EIRP and off-axis EIRP mask requirements unchanged and to be complied, we can agree on the 43dBm as the max TRP power for Type 2/3/5 VSAT.
Proposal 5: RAN4 to state clearly in spec that max EIRP and off-axis EIRP requirements CANNOT be relaxed if RAN4 is going to agree on a value (e.g. 43dBm) larger than 35dBm for Type 2/3/5 VSAT.

Conclusion
The following observations and proposals were submitted in this document for the meeting to discuss:
Observation 1: The Tx EIRP on different directions from a parabolic antenna on mechanical tilting platform can be assumed at same level in beam peak direction and other elevation angle direction. The parabolic antenna on mechanical steering platform will always use its ‘beam peak direction’ to all supported elevation directions.
Observation 2: The Tx EIRP on different directions from a phase array antenna on electronic steering platform will be different. More specifically, the EIRP of a phase array antenna electronically steered to a lower elevation angle will be lower than the beam peak direction due to two major factors: 1) The gain difference due to electronic beam steering; 2) The additional power reduction due to off-axis eirp exceedance.
Proposal 1: For measurement metric for min peak EIRP for Type 1/4 VSAT (mechanical steering antenna), the min peak EIRP can be verified for the beam peak direction, assuming the rotating motors can be cover all declared elevation angles.
· If the rotating motors cannot cover all declared elevation angles (e.g. hybrid steering), the min peak EIRP should be verified for the spherical grid between the declared supported lowest elevation angles, like a electronic steering type VSAT.

Proposal 2: For measurement metric for min peak EIRP for Type 2/3/5 VSAT (electronic steering antenna), the min peak EIRP should be verified for the spherical grid between the declared supported lowest elevation angles (as shown in Figure 1-3).

Proposal 3: All types of VSAT should declare its lowest supported elevation angle.
· For Type 1/4, it can be derived from its capability from the associated rotating motors/platforms.
· For Type 2/3/5, this can be derived from its beam steering capacity.
· For hybrid, it should first declare its VSAT type as agreed, and the lowest elevation angle can be derived from its mechanical and/or beam steering capabilities.

Proposal 4: RAN4 to define this declared lowest elevation angle shall be at most [60-deg].

Proposal 5: RAN4 to state clearly in spec that max EIRP and off-axis EIRP requirements CANNOT be relaxed if RAN4 is going to agree on a value (e.g. 43dBm) larger than 35dBm for Type 2/3/5 VSAT.
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