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1 Introduction
This document further discusses the NTN UE RF requirements aspects in the scope of the NTN enhancements WI ([1]),  based on the Way Forward [2] agreed in last RAN4#106-bis meeting, and our contribution ([10]) from that same meeting. 
2 Discussion
NTN UE types above 10 GHz
The Way Forward captured encouraged companies to provide regulation differences which would  motivate considering several UE types in RAN4: 
[image: ]
To our knowledge, the following regulation requirements are specific to ESIM operation only, and not applicable to fixed VSAT. Note that the following sub-sections just give an overview of the requirements, not the exact detailed requirements. For more details, refer to the corresponding regulation.
ITU – Radio Regulations
In the frequency band 27.5-28.6 GHz, maximum EIPR density limits have been specified or, if not supported, a maximum ESIM on-axis EIRP limit (55 dBW) has been also specified. 
In the frequency band 29.1-29.5 GHz, the maximum EIRP density per carrier shall be <= 35.5 or 50 dBW/MHz to avoid any restriction.
For maritime ESIM, the maximum EIRP spectral density towards the horizon shall be limited to 24.44 dB(W/14 MHz).

For aeronautical ESIM, PFD limits have been specifeid depending on the altitude.


CEPT 
According to ECC Decision(13)01: 
· ESOMP networks shall operate under the control and monitoring of a Network Control Facility 
· ESOMP shall comply with:
· Max EIRP of 58.4 dBW when installed on aircraft operating within the airfield boundary.
· Max EIRP of 52.4 dBW for land-based ESOMP operating within the airfield boundary.
· Max EIRP of 60 dBW for ESOMP on vessels or outside the airfield boundary
· Within the frequency bands 17.3-19.7 GHz and 27.5-29.5 GHz:
· The off-axis EIRP spectral density radiated by any ESOMP into the FS bands (i.e. 27.8285-28.4445 GHz, 28.8365-28.9485 GHz (where applicable) and 28.9485-29.4525 GHz) shall be limited to -35 dBW/MHz. 
· The antenna elevation angle shall be higher than 3 degrees. 
· ESOMPs installed on aircraft transmitting in the bands 27.8285-28.4445 GHz, 28.8365-28.9485 GHz (where applicable as per Decides 2.b) and 28.9485-29.4525 GHz shall comply with the following PFD values (dB(W/m2) in a reference bandwidth of 14 MHz) on the ground 
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· ESOMPs installed on vessels transmitting in the bands 27.8285-28.4445 GHz, 28.8365-28.9485 GHz (where applicable as per Decides 2.b) and 28.9485-29.4525 GHz shall comply with the maximum PFD value of -109 dB(W/m2) in a reference bandwidth of 14 MHz at a height of 20 metres above mean sea level at the low-water mark as officially recognised by the coastal state5. 

Conclusion
Due to the very short time between the meetings, we haven’t had time to look at FCC in details and extract the ESIM specific requirements.
Anyway, looking at ITU and CEPT Regulations, one can easily noticed there are many requirements which are specific to ESIM terminals. This justifies the consideration of at least 2 types of NTN UEs, mobile and fixed. Based on the regulations, it might even be relevant to further distinguish between land, maritime and aeronautical ESIM/mobile NTN UE. 
Proposal1: As starting point, based on the analysis of the regulations, RAN4 shall consider at least 2 types of NTN satellite UE above 10 GHz: one type for NTN mobile device and another type for NTN fixed device. 

UE requirements
The following requirements were proposed in last RAN4#106-bis meeting but no conclusion was made. We are re-submitting them them.
Antenna pointing stability and accuracy
The accuracy of a VSAT antenna’s pointing over a long period could deteriorate over time. Depending on the antenna support installation, an antenna perfectly pointing to a satellite when installed might drift off the satellite over time. The VSAT will continue to operate even when mis pointing the satellite. 
Nevertheless, to guarantee minimum performance, antenna pointing stability and accuracy requirements have been specified in ETSI Harmonized Standards for VSAT (e.g. EN 301 428). RAN4 should consider introducing such requirements as well. 
Proposal2: RAN4 should specify antenna pointing stability and accuracy requirements for fixed type of NTN satellite UE. 
ESIM devices may use antenna sizes and subsystems like VSATs. Unlike fixed VSATs which continue to transmit regardless of pointing error, ESIM devices are mandated to support a tracking system to maintain accurate pointing to the target satellite at all times. ESIMs employ stabilizing techniques in their antenna pointing subsystem which operates continuously to keep the antenna correctly pointed at the desired satellite. To support antenna stability and pointing accuracy, ESIMs typically have built-in GPS receivers, along with software to calculate initial antenna pointing angles for acquiring the desired satellite.
Such requirements have been introduced in ETSI Harmonized Standard EN 303 978 v1.1.2 and should also be specified in RAN4 NTN UE specifications. 
Proposal3: RAN4 should specify antenna pointing accuracy requirement for mobile type of NTN satellite UE (ESIM). 

Off-axis and On-axis requirements
To control interference outside the main beam and minimize the potential coexistence issue with other satellite and/or services, regulators have specified off-axis EIRP requirements. Those requirements specify the maximum emissions limits of an earth station (or a SAN) off its main lobe axis, depending on the NTN device type (VSAT, ESIM, ESIM-M, ESIM-A) . RAN4 would have to introduce such requirements as well.
Proposal4: RAN4 should specify on-axis and off-axis EIRP requirements based on Regulations. 
Similarly, to limit the level of interference to satellite and terrestrial services, RAN4 should introduce off-axis and on-axis spurious requirements.
Proposal5: RAN4 should specify on-axis and off-axis spurious requirements. 

Power Flux density
For ESIM-A and ESIM-M, ITU and CEPT specified power flux density limits to protect terrestrial systems deployed in the same band. RAN4 would have to consider those requirements as well.
Proposal6: RAN4 should specify power flux density requirements for mobile type of NTN satellite UE , and more specifically for ESIM-A and ESIM-M based on Regulations. 

Additional features
According to FCC and CEPT regulations, additional features have been mandated for ESIMs:
· Self monitoring of the off-axis EIRP density limits with automatic end of transmissions,  within 100ms (FCC 25.228) or 1 second (EN 303 978) if the limit(s) is(are) exceeded.
· ESIM shall be monitored and controlled by a Network Control and Monitoring Center (FCC naming) or Network Control Facility (ECC naming). On reception of a ”disable transmission” command from this NCMC, the ESIM shall stop any transmission within 100ms (FCC 25.228).
Proposal7: RAN4 should further discuss if (and eventually how) those additional requirements (off-axis EIRP density limits self-monitoring) should be captured in RAN4 RF specifications.
2. Conclusion
In this contribution, we analyzed the UE RF open issues for the NTN Ka-band. We made the following proposals:
Proposal1: As starting point, based on the analysis of the regulations, RAN4 shall consider at least 2 types of NTN satellite UE above 10 GHz: one type for NTN mobile device and another type for NTN fixed device. 
Proposal2: RAN4 should specify antenna pointing stability and accuracy requirements for fixed type of NTN satellite UE. 
Proposal3: RAN4 should specify antenna pointing accuracy requirement for mobile type of NTN satellite UE (ESIM). 
Proposal4: RAN4 should specify on-axis and off-axis EIRP requirements based on Regulations. 
Proposal5: RAN4 should specify on-axis and off-axis spurious requirements. 
Proposal6: RAN4 should specify power flux density requirements for mobile type of NTN satellite UE , and more specifically for ESIM-A and ESIM-M based on Regulations. 
Proposal7: RAN4 should further discuss if (and eventually how) those additional requirements (off-axis EIRP density limits self-monitoring) should be captured in RAN4 RF specifications.
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Issue 1-1: UE types

B Encourage companies to provide the regulation differences leading to different RE/RRM requirements between the
mobile and fixed NTN UEs, and further discuss whether RAN4 needs to define the different UE types.

B Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure,
antenna types, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective
Isotropic Sensitivity EIS, etc.).

W The impact on RF and RRM requirements will be investigated, and analysis on RF requirement impact is
prioritized.
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