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1	Introduction
The Rel-19 OTA WI has been approved [1], one of the key objectives is OTA test method and performance metric for NTN, including NR NTN devices and IoT NTN devices. 
NTN related Core part work item scope:
· 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)


This contribution provides our initial views on some general aspects for NTN OTA test method and performance metric.
2	Discussion
2.1 UE types and Performance metric for NR-NTN and IoT-NTN devices
For now, the NR NTN conducted core requirements are defined in TS 38.101-5, the power class is limited to PC3. There is also a new Rel-19 NTN WI to define HPUE NR NTN UE type. To facilitate the discussions, the test method in this OTA WI could focus on UE type and power class up to Rel-18, however, it is also valuable to ensure that the performance metric is generic enough to allow potential application to high power NTN UEs.
Proposal 1: For NTN UE type and power class, this OTA WI consider the UE type up to Rel-18 as first priority. However, it is also valuable to consider generic performance metric for future application to high power UEs.
For now, the NR NTN UE type includes both Handheld (e.g. Power class 3) and “VSAT” (Very Small Aperture Terminal) devices with directive antenna (including fixed and moving platform mounted devices). The form factor and corresponding usage scenario would be different, and the performance metric can also be considered separately, if needed. 
Proposal 2: For NR NTN, RAN4 discuss and decide whether different performance metric should be considered for different FR1 UE type, e.g., handheld and VSAT.
Regarding the potential performance metric, there is a good discussion paper in RAN plenary from satellite operators [4], which well presents the industry’s needs. 
Key factors:
· UE elevation angles for NTN are typically >20°, in majority of cases.
· TRP, TRS, EIS – do not consider directivity – single value is used – this may be insufficient for NTN especially when the link margin is very small – having a higher gain in the upper hemisphere of the antenna pattern is very beneficial.
Benefits:
· For fixed UE (even without tracking antenna) – antenna can be quite directional, with bias given to the upper hemisphere with no system performance penalty.
· For handheld/smartphone UE – UE may be upside-down when a call is initiated (e.g. in pocket):
· If we assume only synchronization and paging typically occur when UE is upside down, we can still sacrifice some antenna performance on the bottom hemisphere, due to lower SNR requirements for the physical channels associated with these procedures.
· When data transfer is occurring– e.g. PUSCH/PDSCH and the UE is pointing upwards, it is advantageous to have a higher antenna performance in the upper hemisphere to allow for a higher link margin.
· This would also reduce the antenna noise temperature, meaning the system noise is less significant, which increases G/T, increasing the DL link margin, while increasing the UL margin due to higher gain towards the satellite orbital arc.
· Assessing the directivity of the antenna can be done with a similar effort level to obtaining the TRP, TRS and EIS values, and would allow for more detailed link level analysis.


· Proposal 1: Study and identify applicability of OTA requirements for FR1-NTN use cases
· Consider a sufficiently open framework, allowing use cases / antenna classes for different UE to have different requirements and constraints which are optimized for NTN:
· From low-gain omni handheld UE to potential future high gain, highly directional FR1 VSAT-like terminal with multiple antenna elements.
· Transmitter Antenna requirements (TX):
· Antenna Gain Plot at Tx Frequencies (dBi)  for NTN, to include some directivity requirements for the antenna, allowing an optimized Tx antenna design for an NTN UE – Includes antenna efficiency, and TRP can be derived from antenna gain with a similar amount of effort to the TRP measurement.
· Receiver Antenna requirements (RX):
· Antenna-Gain-to-Noise-Temperature (G/T)  for NTN, to include some directivity requirements for the antenna, allowing an optimized Rx antenna design for an NTN UE, also incorporates system noise parameters.
· Antenna Gain Plot at Rx Frequencies (dBi)  same as above – can be used to derive G/T and TRS, so long as REFSENS is known.
· General Antenna Requirements
· Introduction of a singular ‘antenna bias’ parameter would allow a quick assessment of the weighting of the antenna beam pattern, with requirements derived from a trade-off between antenna gain requirements and system noise requirements.
· Proposal 2: Consider UE capability to perform simple beamforming with multiple antenna elements based on knowledge of satellite location


Therefore, it would be good to consider above views as a starting point to gather group discussions. To summarize, we suggest to focus on the following aspects:
· [bookmark: _Hlk163392931]Consider a general framework for each UE type, to specify performance metric for different use cases / power classes, e.g., a set of metric for Handheld, and other set for FR1 VSAT-like UE.
· Consider the assumption: UE elevation angles for NTN are typically >20°, in majority of cases.
· Consider TRP, TRS, EIRP, and EIS as starting point. Further discuss other performance metric based on NTN usage scenarios, e.g., directivity requirements, Antenna Gain. 
Proposal 3: Consider the following aspects as starting point for performance metric discussion:
· Consider a general framework for each UE type, to specify performance metric for different use cases / power classes, e.g., a set of metric for Handheld, and other set for FR1 VSAT-like UE.
· Consider the assumption: UE elevation angles for NTN are typically >20°, in majority of cases.
· Consider TRP, TRS, EIRP, and EIS as starting point. Further discuss other performance metric based on NTN usage scenarios, e.g., directivity requirements, Antenna Gain. 

2.2 Test method for NR-NTN and IoT-NTN devices
For NR NTN, the FR1 bands is defined in TS 38.101-5 Table 5.2.2-1 [5].
Table 5.2.2-1 in TS38.101-5: NTN satellite bands in FR1-NTN
	NTN satellite operating band
	Uplink (UL) operating band
Satellite Access Node receive / UE transmit
FUL,low   –  FUL,high
	Downlink (DL) operating band
Satellite Access Node transmit / UE receive
FDL,low   –  FDL,high 
	Duplex mode

	n256
	1980 MHz – 2010 MHz
	2170 MHz – 2200 MHz
	FDD

	n255
	1626.5 MHz – 1660.5 MHz
	1525 MHz – 1559 MHz
	FDD

	n254
	1610 – 1626.5 MHz
	2483.5 – 2500 MHz
	FDD

	NOTE: 	NTN satellite bands are numbered in descending order from n256.



For IoT NTN, the supported bands are specified in TS 36.102 Table 5.2-1 [6].
Table 5.2-1 E-UTRA operating bands for satellite access
	E‑UTRA Operating Band
	Uplink (UL) operating band
BS receive
UE transmit
	Downlink (DL) operating band
BS transmit 
UE receive
	Duplex Mode

	
	FUL_low   –  FUL_high
	FDL_low  –  FDL_high
	

	256
	1980 MHz
	–
	2010 MHz
	2170 MHz
	–
	2200 MHz
	FDD

	255
	1626.5 MHz
	–
	1660.5 MHz
	1525 MHz
	–
	1559 MHz
	FDD

	254
	1610 MHz
	-
	1626.5 MHz
	2483.5 MHz
	-
	2500 MHz
	FDD

	2532
	1668 MHz
	-
	1675 MHz
	1518 MHz
	-
	1525 MHz
	FDD

	NOTE 1: Satellite bands are numbered in descending order from 256
NOTE 2: UE assigned to channels and allocated frequency resources in the lower portion of Band 253 may experience blocking or harmful interference from terrestrial networks in adjacent or nearby frequencies when operating in the proximity with terrestrial base stations.



Observation 1: Current TRP TRS test system can cover all NR NTN and IoT NTN bands. 
For NR NTN and IoT NTN, given these are dedicated bands for satellite communication, detailed test parameters for each band should be defined, RAN4 can consider aligned parameters with conducted test cases which is a similar approach as TN devices in TR 38.870, input from NTN satellite operators is needed. 
Proposal 4: RAN4 should define detailed test parameters for each band, e.g., CBW, SCS, Modulation, RB allocation, for both NR-NTN and IoT-NTN. Alignment with conducted test parameters should be considered. Input from satellite operators is encouraged.
Regarding usage scenario of NR NTN handheld, the scenarios could be the same as TN handheld, i.e., FS, BHH, Hand only. However, for NR NTN VSAT UE and IoT NTN UEs, the proper typical usage scenario should be studied and identified.
Proposal 5: NR NTN Handheld UE could reuse the same usage scenario as TN Handheld as a starting point for discussion, i.e., FS, BHH, Hand only. 
Proposal 6: For other NR-NTN UE type, and IoT-NTN UE types, RAN4 should future study the proper usage scenarios. Input from satellite operators is encouraged. 
3 Conclusion
In this paper, we provide our initial views on NTN OTA. 
Proposal 1: For NTN UE type and power class, this OTA WI consider the UE type up to Rel-18 as first priority. However, it is also valuable to consider generic performance metric for future application to high power UEs.
Proposal 2: For NR NTN, RAN4 discuss and decide whether different performance metric should be considered for different FR1 UE type, e.g., handheld and VSAT.
Proposal 3: Consider the following aspects as starting point for performance metric discussion:
· Consider a general framework for each UE type, to specify performance metric for different use cases / power classes, e.g., a set of metric for Handheld, and other set for FR1 VSAT-like UE.
· Consider the assumption: UE elevation angles for NTN are typically >20°, in majority of cases.
· Consider TRP, TRS, EIRP, and EIS as starting point. Further discuss other performance metric based on NTN usage scenarios, e.g., directivity requirements, Antenna Gain. 

Observation 1: Current TRP TRS test system can cover all NR NTN and IoT NTN bands. 
Proposal 4: RAN4 should define detailed test parameters for each band, e.g., CBW, SCS, Modulation, RB allocation, for both NR-NTN and IoT-NTN. Alignment with conducted test parameters should be considered. Input from satellite operators is encouraged.
Proposal 5: NR NTN Handheld UE could reuse the same usage scenario as TN Handheld as a starting point for discussion, i.e., FS, BHH, Hand only. 
Proposal 6: For other NR-NTN UE type, and IoT-NTN UE types, RAN4 should future study the proper usage scenarios. Input from satellite operators is encouraged. 
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