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Introduction
In RAN#92e meeting, the work item [RP-221819] on NR NTN (Non-Terrestrial Networks) enhancements was approved as one of Rel-18 RAN1/2/3 package. During the last RAN4 meeting, there were some initial discussions for NTN UE in Ka-band with some high level agreement reached in [9]. In this contribution, we want to share some further understandings for NTN UE in Ka-band.
Issue 1-4: Antenna assumptions for NTN UE in Ka-band
Agreement: 
· Define the requirements based on the assumption that the dish antenna is used for GEO and phase antenna for LEO
· FFS whether to restrict the assumption to Rel-18 or not.
Sub-topic 2 Beam correspondence
Issue 2-1: Beam correspondence requirement
Sub-topic 3 Implementation assumption for NTN VSAT UE
Issue 3-1: IF conversion
Inmarsat: at the moment most uses IF conversion. We prioritize IF conversion.
Agreement:
· IF conversion is assumed as the baseline for movable NTN UE
Sub-topic 4 RF requirements for NTN UE in Ka-band
Agreement:
· For NTN UE with parabolic antenna, to define the conducted requirement and further discuss how to define radiated requirement for it (e.g. EIRP limits, etc)
Issue 4-2: For NTN UE with phase antenna array, radiated requirement only to be defined?
Agreement: 
· For NTN UE with phase antenna array if defined, only radiated requirements are to be specified.
[bookmark: OLE_LINK14][bookmark: OLE_LINK10][bookmark: OLE_LINK20][bookmark: OLE_LINK13]Discussion  
2.1. RF requirement

2.1.1. Power class 
During the last RAN4 meeting, there were some initial discussion on UE types and power class related issue for NTN UE. Candidate proposals from the interested companies are listed as following. 

Issue 1-6: How to differentiate UE types for NTN UE in Ka-band;
· Proposal : 
· Proposal 1: RAN4 to use aperture and power class to differentiate among directive terminals in above 10 GHz. [THALES R4-2219336]
· Proposal 2: Further discuss the full description of NTN UE and agree on the characteristics to be used to define its power class. [Intel Corporation,R4-2220027]
Observation 1: To assess which performance metrics and regulatory information will be included in the NTN UE power class definition, RAN4 should first align on the characteristics of the UE within this work item. 
· Proposal 3: Signaling options to indicate UE type include  [Qualcomm,R4-2219989]
· Using the power class to represent the UE type encompassing more than output power, 
· Defining a new signaling IE to represent UE type,
· Using the power class and discrete capabilities (some of which are already available, others to be added as needed) to represent UE type.
· Proposal 3: if satellite tracking capability is part of RF requirement and the required satellite tracking capability are also different between ESIM and fixed VSAT, then we need to specify the different power class for ESIM and fixed VSAT. [ZTE R4-2219381]
· Proposal 4: On/off-axis emission requirements, pointing accuracy requirements, transmission on/off capability and “closed-loop tracking” of beam pointing should be considered when defining the framework for operation of fixed and moving NTN terminals with VSAT characteristics. (R4-2219141/P4)

First of all, for GEO UE, it was agreed to have the parabolic antenna and conducted requirement to be defined 
The following transmit power 33dBm used for NTN coexistence study in table 2.3-1 could be used as baseline. 
Table 2.1-1: NTN UE characteristics for system level simulation
	Characteristics
	VSAT (Note 2)
	
	

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	
	

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter of TR 38.821
	
	

	Polarisation
	circular
	
	

	Rx Antenna gain 
	39.7 dBi 
	
	

	Antenna temperature
	150 K
	
	

	Noise figure
	1.2 dB
	
	

	Tx transmit power
	2 W (33 dBm)
	
	

	Tx antenna gain
	43.2 dBi
	
	

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna



Proposal 1: for GEO UE, to use the transmit power 33dBm could be used as baseline for power class definition.  

In addition, we also noticed that there are the different antenna aperture from the same frequency range which are used to meet different coverage requirement. For instance, for 60cm parabolic antenna aperture which could be used for M-ESIM close to sea coast, however for 80cm parabolic antenna aperture which could be used for E-SIM far away from sea coast for international shipping. 
In addition, based on the following required EIRP for User spot 11 L beam on Inmarsat 5-F3 at 179.6°E in Figure 4, to meet the uplink coverage requirement in different areas, then EIRP are required differently by satellite vendors. The required EIRP might be also depending on specific satellite and its specific beams and its geographical locations of VSAT and ESIM. From our understanding, it’s not necessary to define any EIRP limits and leave this to the market demand. 
[image: ]
Figure 4. The required EIRP for the User Spot 11 L beam is available on Inmarsat 5-F3 at 179.6°E [12]

Proposal 2: for GEO UE, the antenna aperture could be used in addition to power class as UE capability to differentiate the UE categories. 
For LEO UE, since only radiated requirement might be defined considering its high insertion loss if RF connectors are available and accessible for conformance testing, then minimum peak EIRP, UE maximum output power limits and UE spherical coverage requirement are still needed. However for these EIRP requirements as mentioned above, this highly depends on specific satellite and its specific beams and its geographical locations of VSAT and ESIM. More inputs from satellite vendors are needed especially for the range of the required EIRP covering different kind of service. 
Proposal 3: for LEO UE with phase antenna array, minimum peak EIRP, UE maximum output power limits and UE spherical coverage requirements should be defined. More inputs from satellite vendors are needed especially for the range of the required EIRP covering different kind of service. 

2.1.2 Beam correspondence requirement
In addition, in last RAN4 meeting, there were some initial discussion whether Beam correspondence requirement for NTN UE in Ka-band is valid or not. At least from our understanding, beam correspondence requirement for VSAT and ESIM with parabolic antenna is not needed. The beam steering capability is adjusted by the operation platform with 2/3-Axis Stabilized + Auto Skew to track the GSO satellite with the assistant local GPS information or Gyro information and ephemeris information from satellite regardless sent from SIB19 or embedded information. In short, for uplink beam tracking for VSAT and ESIM, this could depend on the operation platform with 2/3-Axis Stabilized + Auto Skew to track the satellite with the assistant local GPS information or Gyro information and ephemeris information, therefore beam correspondence capability based on downlink SSB+CSI-RS or SSB only or CSI-RS only based beam correspondence capability is not needed. In addition, in the last RAN4 meeting, there were some discussion on the beacon signals to be followed by NTN UE to track the satellite in Ka-band. However based on my initial survey [20], it seems the beacon signals are dedicated signal used for satellite and in the allocated freq which is not like SSB or CSI-RS within the carrier of Ka-band.
Proposal 4:  for GEO UE, beam correspondence is not needed since its uplink satellite tracking capability is not replying on downlink SSB or CSI-RS signals.

For beam correspondence requirement for LEO UE with phase antenna array, similar logic could be applied here, its uplink satellite tracking capability should depend on digital beamforming or analog beam switching with the assistant local GPS information or Gyro information and ephemeris information. In addition, beam correspondence capability in FDD band in Ka-band is also questionable since its downlink and uplink channel is separated by around 9.8GHz for MSS band, so it is quite difficult to predict its uplink beam with downlink reference signal. In addition, the RF match network between downlink and uplink within VSAT or ESIM is also questionable due to its large frequency separation.
Proposal 5: for VSAT and ESIM with phase antenna array, beam correspondence is not needed since its uplink satellite tracking capability might be not replying on downlink SSB or CSI-RS signals anymore.

Table 1. Summary of related UE RF requirement
	
	Band-specific or not
	Applicability 

	Transmitter Characteristics
	
	

	General
	No
	To follow the existing text from TN UE in TS 38.101-2

	Tx power
	Yes
	To define new power for GEO UE should be defined and the following requirement should be considered:
· Power class : 33dBm
For LEO UE with phase antenna array should be defined and the following requirement should be considered
· UE minimum peak EIRP
· UE maximum output power limits
· UE spherical coverage (TBD %-tile CDF should be revisited for LEO UE)

	MPR
	No
	This depends on the ACLR, SEM and EVM requirement and discussion could be postponed until other requirement is more clear.

	A-MPR
	Yes
	This depends on other coexistence requirement or regulatory requirement. Operators ‘s input are encouraged. 

	Configured Tx power
	No
	To follow the existing text from TN UE in TS 38.101-1 for NTN VSAT with parabolic antenna .
To follow the existing text from TN UE in TS 38.101-2 for NTN VSAT with phase antenna array 

	Output Power Dynamics
	No
	The minimum output power for NTN VSAT UE, this could be further discussed. 
Transmitter OFF power and ON-OFF time mask and power control related parameter in TS 38.101-1/2 could be good starting point.

	Transmit signal quality
	
	

	- Frequency error
	No
	to follow the requirement defined in TS38.101-5 where UE UL pre-compensation is still needed. 

	- Transmit modulation quality
	No
	To follow the existing requirement defined for TS 38.101-1/2, however the maximum modulation order could be further discussed similar as Rel-17 NR over NTN
Carrier leakage and in-band emission are also power class specific requirement and this could be further discussed.


	Output RF spectrum emissions
	
	

	- Occupied bandwidth
	No
	To follow the existing requirement defined for TS 38.101-1/2.

	- Out of band emission
	
	

	- SEM 
	No
	This depends on the outcome of coexistence study. The following RF spectrum from FCC 47CFR25.138, 47CFR25.202 could further checked

	- Additional SEM
	Yes
	additional requirement are expected for ITU resolution 169 in WRC-19 and [156] for WRC-15

	- ACLR
	No
	This depends on the outcome of coexistence study. 

	- Spurious emission
	
	

	- General
	No
	To follow the existing requirement defined for TS 38.101-2.

	- For UE coexistence
	Yes
	Coexistence requirement for the surrounding TN bands should be considered.

	Transmit intermodulation
	No
	Not applicable similar as FR2 UE RF

	Beam correspondence
	No
	Please see the above analysis

	Receiver characteristics
	
	

	General
	No
	

	Diversity characteristics
	No
	

	Reference sensitivity
	Yes 
	For GEO UE, the following requirements should be defined for NTN VSAT UE.
· conducted sensitivity power level 

For LEO UE, the following requirements should be defined for NTN VSAT UE.
· Reference sensitivity power level 
· EIS spherical coverage requirement
 	

	Maximum input level
	No
	Further system level evaluation is needed and this requirement might be relaxed similar as Rel-17 NR NTN.

	ACS
	No
	This depends on the outcome of coexistence study.

	Blocking characteristics
	
	

	- In-band
	No
	This depends on the outcome of coexistence study.

	- Out-of-band
	NA
	NA

	- Narrow band
	NA
	NA

	Spurious response
	NA
	NA.

	Intermodulation 
	NA
	NA

	Spurious emissions
	No
	To follow the existing requirement defined for TS 38.101-1/2.



Conclusions
In this contribution, we want to share some further views on UE RF requirements for NTN in Ka-band.and proposals are made as following:
Proposal 1: for GEO UE, to use the transmit power 33dBm could be used as baseline for power class definition.  
Proposal 2: for GEO UE, the antenna aperture could be used in addition to power class as UE capability to differentiate the UE categories.
Proposal 3: for LEO UE with phase antenna array, minimum peak EIRP, UE maximum output power limits and UE spherical coverage requirements should be defined. More inputs from satellite vendors are needed especially for the range of the required EIRP covering different kind of service. 
Proposal 4:  for GEO UE, beam correspondence is not needed since its uplink satellite tracking capability is not replying on downlink SSB or CSI-RS signals.
Proposal 5: for VSAT and ESIM with phase antenna array, beam correspondence is not needed since its uplink satellite tracking capability might be not replying on downlink SSB or CSI-RS signals anymore.
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