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1	Introduction 
3GPP RAN Plenary approved the new Rel-19 OTA WI in RAN#103 meeting held in March 2024 [1]. One important core part objective is to study and define test methodology and radiated performance metric for FR1 NTN devices (including NR NTN and IoT NTN). This document is to discuss the Test methodology and radiated performance metric for FR1 NTN devices .
	· Study and define test methodology and radiated performance metric for FR1 NTN devices (including NR NTN and IoT NTN)
· Study the usage scenarios and develop enhanced test methodology
· Study and specify the proper performance metric
· Develop preliminary Measurement Uncertainty (MU)  (RAN5)



2	Test methodology for for FR1 NTN devices 
2.1	Device type of the FR1 NTN OTA testing
In the objectives provided within the new WID, there is no detailed categorization of device types for FR1 NTN devices. These NTN devices could including standard smartphones, phones equipped with external enhancement antennas, attachable accessories used in conjunction with smartphones, and other non-phone types of handheld terminals. The connected satellite could be GEO/MEO/LEO. Therefore, when discussing NTN OTA testing methods, it is crucial to first ascertain whether the same performance metrics and usage scenarios are applicable across different types of NTN devices and different types of satellite orbits. For instance, should a unified performance metric be applied to both smartphones and attachable handheld devices? Regarding NR NTN devices, given their capability for voice communication, the head-and-hand phantom may be a necessary scenario to consider. On the other hand, IoT NTN devices would likely have different usage scenarios. 
Proposal 1: RAN4 should decide whether the same performance metrics and usage scenarios are applicable across different types of FR1 NTN devices and different types of satellite orbits. 
One of the most common application scenarios for satellite communication is "satellite direct telephone", where the most commonly used device type is smartphones, which include smartphones that use NTN and private satellite technology to achieve satellite communication. We have collected a series of devices information with satellite connectivity capabilities to help us better understand the current status of products in the market.
(Please note, the information provided is based on official statements from corresponding manufacturers and may not represent an exhaustive list of all products supporting satellite communications, there might be omissions or inaccuracies considering the continuous evolution of products. )
· Devices claim supporting IoT NTN :
· Motorola Defy Satellite Link
· Cat S75
· Devices supporting private satellite technologies:
· iPhone 14 series、iPhone 15 series
· HUAWEI Mate series、HUAWEI P series、HUAWEI Nova series
· HONOR Magic series
· OPPO Find series
· Xiaomi 14 Ultra
· ZTE Axon
· Devices using normal cell network protocol to connect satellite :
· Samsung Galaxy S22 Ultra
 To ensure the smooth progress of NTN testing methodology development,  a prudent approach is to prioritize smartphones as the main device type. This strategy helps ensure that the testing method developed are directly applicable to the most widely used devices in current NTN communications.
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2.2	Performance metric for FR1 NTN devices
The determination of NTN devices’ performance metric should take the antenna pattern into consideration. In general, it’s hard for smartphone to connect the satellite, especially the GEO satellite. Therefore, improving either the transmit power or the antenna gain is necessary for smartphones to connect to the satellite and guarantee the QoE of NTN.
In cell network, phones with omnidirectional antenna pattern will find the QoE unacceptable if the received power from base station is lower than approx -100dBm. However, this is normal in satellite network, as the GNSS signal power is around -130dBm or lower.
For PC3 devices, the transmit power is fixed at a maximum of 23dBm. So the main way to enhance satellite communication from UE side is to improve the antenna design and antenna gain. For this reason, in practical applications, handheld devices (such as smartphones) may not always use omnidirectional antennas. An omnidirectional antenna radiates and receives signals uniformly in 3D sphere, which makes it suitable for extensive coverage but unsuitable for long-distance communication or applications demanding high signal directionality. In satellite communications, to enhance signal reception strength and reduce interference, there is a tendency to utilize high-gain directional or semi-directional antenna designs.
Based on our observations of some existing smartphones that support direct satellite connectivity using GEO and GSO satellite(including proprietary satellite direct link technology), we've noted two main types of antenna implementations. Firstly, the antenna pattern is directed towards the top of the phone. Secondly, the antenna pattern is directed towards the top or slightly above the screen.
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Both of these antenna implementations are based on directional antenna designs, so the traditional TRP/TRS metrics are not applicable for evaluating the OTA performance of such devices, and a new performance metric needs to be defined.
Proposal 3:	Adopting a directional antenna pattern as the starting point for the antenna characteristics of an FR1 NTN device.
When using the directional antenna, it’s rational to consider testing the radiated power and radiated receiving sensitivity within the a certain angle rather than a 3D spherical range. 
The following performance metric can be considered as a starting point and further discuss whether a smaller angle of test scan can be used or whether a EIRP/EIS CDF-like performance metric and be considered.
Upper Hemisphere Isotropic Radiated Power (UIRP): The integral value of the radiated power of a wireless terminal over the upper hemisphere of the three-dimensional spherical surface, reflecting the transmission characteristics of the wireless terminal on the upper hemisphere.
Upper Hemisphere Isotropic Radiated Sensitivity (UHIS): The integral value of the reception sensitivity of a wireless terminal within the upper hemisphere range, reflecting the reception characteristics of the wireless terminal on the upper hemisphere.
Proposal 4: Take UIRP and UHIS as the as the starting point for the performance metric of devices using directional antenna.
Proposal 5：Further discuss whether a smaller angle of test scan can be used or whether a EIRP/EIS CDF-like performance metric and be considered.
3	Conclusions
Proposal 1: RAN4 should decide whether the same performance metrics and usage scenarios are applicable across different types of FR1 NTN devices and different types of satellite orbits. 
Proposal 2: Focus on the NTN OTA testing methodology for smartphones in phase1, and further decide whether this testing method can be extended to other types of FR1 NTN devices.
Proposal 3:	Adopting a directional antenna pattern as the starting point for the antenna characteristics of an FR1 NTN device.
Proposal 4: Take UIRP and UHIS as the as the starting point for the performance metric of devices using directional antenna.
Proposal 5：Further discuss whether a smaller angle of test scan can be used or whether a EIRP/EIS CDF-like performance metric and be considered.
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