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Introduction

The following Satellite 5G NR NTN (Non-Terrestrial Networks) technical documents have been approved at the 3GPP RAN-Plenary #96 (Budapest, 6th-9th of June 2022) for the Release-17 NTN satellite connectivity using FR1 S-band (n256) and FR1 L-band (n255):
· Technical Specification TS 38.108 (NR; Satellite Node radio transmission and reception);
· Technical Specification TS 38.101-5 (NR; User Equipment (UE) radio transmission and reception; Part 5: Satellite access Radio Frequency (RF) and performance requirements);
· Technical Report TR 38.863 (Non-terrestrial networks (NTN) related RF and co-existence aspects);

From Article 5 of the ITU Radio Regulations (RR) the mobile operation of ESIMs is also described in the following footnotes,
· 5.527A The operation of earth stations in motion communicating with the FSS is subject to Resolution 156 (WRC-15). (WRC-15)
· 5.517A The operation of earth stations in motion communicating with geostationary fixed-satellite service space stations within the frequency bands 17.7-19.7 GHz (space-to-Earth) and 27.5-29.5 GHz (Earth-to-space) shall be subject to the application of Resolution 169 (WRC-19). (WRC-19)  

NTN UE terminal types in bands above 10 GHz were discussed at RAN4#105 (see also R4-2220573, “WF on NTN UE RF requirements”) and in RAN4#105 Main session report. Thanks to these discussions, a few agreements have been formulated, such as:
	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.


This contribution therefore provides material for discussion with respect to NTN UE terminal types in above 10 GHz. The reader should also consider as reference the documents submitted in RAN4#106 AI 9.25.2 (see for instance R4-2302535, THALES) and in RAN#106-bis-e AI 9.27.2.

During RAN#106 main session, the following agreements have been made:
	Agreement: 
· Discuss whether and how to define the requirements for beam tracking for NTN UE.
Agreement: 
· Define the radiated requirement as the first priority.



However, there were also some issues with respect to UE types, UE type differentiation, beam correspondence requirements, satellite RF specific requirements for NTN UE. One can further easily see that in some cases the discussions are not relevant since are related to implementation issue and should not be considered part of the standardization work. 

During RAN4#106-bis-e it was also agreed:
	Agreement: 
· Encourage companies to provide the regulation differences leading to different RF/RRM requirements between the mobile and fixed NTN UEs, and further discuss whether RAN4 needs to define the different UE types.
· 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.).
· The impact on RF and RRM requirements will be investigated, and analysis on RF requirement impact is prioritized.



For further information, please also consider:
· R4-2302527 (“NTN UE Terminal Types for above 10 GHz”, THALES) presented in RAN4#106.
· R4-2305844 (“NTN UE terminal reference architecture for above 10 GHz”, THALES, Hughes/EchoStar) presented in RAN4#106-bis-e for the NTN UE reference architecture in above 10 GHz.
· R4-2302998 (“WF for system parameters of above 10 GHz NTN band”, THALES) agreed in RAN4#106.
Moreover, in R4-2304364 (“Off-Axis EIRP requirements for NTN-TN NR-Uu interface”, Verizon) submitted at RAN4#106-bis-e, the following proposals have been made:Proposal-1: 	RAN4 needs to define the off-axis EIRP requirement for SAN and ESIM type of devices.
Proposal-2: 	The off-axis EIRP requirements should be defined for ESIM devices operating over the band n511.
Proposal-3: 	RAN4 shall decide the baseline of requirements based on FCC requirement or ITU recommendation S.524. 
Proposal-4: 	The defined off-axis EIRP density levels shall meet the permissible mask levels of validation and support the procedures of self-monitoring. 


However, during official meeting RAN4#106-bis-e there were no agreements with respect to off-axis EIRP requirement (see R4-2306624, “WF on NTN UE RF requirements in Ka-band”, ZTE).              Issue 1-1: UE types
· Encourage companies to provide the regulation differences leading to different RF/RRM requirements between the mobile and fixed NTN UEs, and further discuss whether RAN4 needs to define the different UE types.
· 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.).
· The impact on RF and RRM requirements will be investigated, and analysis on RF requirement impact is prioritized.
Issue 2-1:  Beam tracking capability
Tentative agreement:
the (Rx and Tx) beam pointing error are compliant with at least the relevant ETSI harmonized standard. (e.g. 
· EN 303 978    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· EN 303 979    “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in non-geostationary orbit, operating in the 27,5 GHz to 29,1 GHz and 29,5 GHz to 30,0 GHz frequency bands”).


Meanwhile, at RAN4#107, several agreements have been made, as following (see R4-2310483, “WF on UE RF requirements for NR NTN enhancement”, THALES):Issue 1-1: Differentiate UE types from mobility perspective
Issue 1-2: Differentiate antenna assumption for GEO and LEO UE
Agreement:
· At least consider the differentiation between mechanical and electronic steering;
· FFS on phased array or parabolic;
· Encourage satellite companies to provide the data to show the beam switching delay.
· As the baseline, assume that UE has the single beam towards one single satellite at a given time.

Issue 2-1:  Noise figure 
Agreement:
· For the August meeting, more detailed background should be provided to derive the corresponding noise figure.. 
· For the coexistence study, companies are encouraged to consider the following NF for NTN UE :
· Option 1: 2dB;
· Option 2: 6dB

Issue 3-2: Beam pointing/accuracy related requirements
Agreement:
· It is assumed for the NTN capable UE operating in above 10 GHz that the (Rx and Tx) beam pointing error are compliant with the relevant ETSI harmonized standard, e.g.:
· EN 303 978, “Earth Stations on Mobile Platforms (ESOMP) transmitting towards satellites in geostationary orbit, operating in the 27,5 GHz to 30,0 GHz frequency bands”;
· For the next meeting, it’s encouraged to provide the technical requirement inputs for fixed VSAT; 

 Issue 3-3: on-axis and off-axis EIRP requirements
Agreement:
· To define the off-axis EIRP requirement; 
· Note: this requirement for wanted signal within the assigned channel;
· For on-axis EIRP limit, this depend on the power class;
· To capture the maximum EIRP limit for certain power class; 



Please also refer to R4-2309717 (“Updates for NTN UE terminal requirements discussion in above 10 GHz”, THALES, RAN4#107) and R4-2312120 (“Updates for NTN UE terminal requirements and NF in above 10 GHz”, RAN4#108) for more information.

Moreover, the following decisions followed:
· RAN4#108 decision (Agreement for NTN NF for VSAT UE in above 10 GHz): Define two sets of requirements.
· Two sets of noise figures:
· Set #1: 2.5dB for LEO and GEO;
· Set #2: 6dB only for LEO.
· [Apply to test based on UE declaration for G/T which is used to derive EIS requirements].


· RAN#101 decision (RP-232694, Way forward on potential RRM objectives for NR-NTN deployment in above 10 GHz (NR-NTN-enh WID), THALES) - RAN recommends RAN4 to define the following RRM requirements for example band (Ka band) in the table below as baseline:

	RRM requirements to be defined as part of Rel-18 NR-NTN-enh WID
	Electronic steering antenna
	Mechanical steering antenna
(inter-sat)
	Mechanical steering antenna
(intra-sat)

	
	Terminal Type 1
	Terminal Type 2

	UE uplink timing accuracy
	Y
	Y
	Reuse FR1 NTN requirement, except UL uplink timing accuracy

	RRC IDLE and INACTIVE mobility 
	L
	N
	

	(Conditional/blind) Handover 
	Y
	Y
	

	RRC Re-establishment 
	L
	L
	

	RRC Connection Release with Redirection 
	N
	N
	

	Radio Link Monitoring 
	Y
	Y
	

	Link Recovery procedure (BFD/CBD)
	N
	N
	

	Active TCI switching
	N
	N
	

	Measurement Procedure
	Y
	N
	

	(L1/L3 measurement delay and measurement gap, scheduling restriction due to mixed numerologies) 
	Y
	N
	

	Measurement Performance
	Y
	N
	

	UL spatial relation switching
	N
	N
	



Where the meaning of priorities is:
	Y
	Yes (shall to be defined)

	N
	No (No need to define in Rel-18)

	L
	Low priority (may be defined if time allows)



Moreover, according to RAN#101 decision (RP-232694), the following assumptions (applicable to Type 1 and Type 2 terminals) are used for R18 RRM requirements
· single SAN Tx beam per radio cell in DL
· for inter satellite HO, only blind HO and no neighbor cell measurement
· Blind HO assumption for type 1 UE can be revisited if issue is identified in RAN4 
· Intra-sat neighbor cell measurement is needed
· Same UE Rx beam is used for both serving and neighboring cells which belong to the same sat. (i.e. no Rx beam sweeping)

This contribution considers mapping NTN VSAT UE requirements with NTN types in above 10 GHz, according to the latest RAN#101 and RAN4#108 decisions.

Discussion with respect to UE NTN terminal mapping to NTN UE types

Following the previous agreements the following proposals can be made with the following mapping:
Proposal 1. RAN4 to consider the following UE Types:
1/ Terminal Type 1 (Electronic steering antenna) with the following NFs:
· 2.5 dB NF (Class 1) - for both LEO and GEO;
· 6 dB NF (Class 2) - for LEO only.

2/ Terminal Type 2 (Mechanical steering antenna) with the following NFs:
· 2.5 dB NF (Class 1) – for both LEO and GEO.

Proposal 2. RAN4 to decide Tx Power and Antenna Gain for Class 2 terminals if similar or lower from Class 1 terminals.
Proposal 3. RAN4 to agree VSAT NTN UE classes as follows:
	
	Tx Power [W]
	Antenna Gain [dBi]
	NF [dB]
	UE types

	VSAT UE Class 1
	2W (33 dBm)
	Tx: 43.2 dBi
Rx: 39.7 dBi
	2.5 dB
	Type 1, Type 2

	VSAT UE Class 2
	TBD
	TBD
	6 dB
	Type 1 only




Conclusion
Proposal 1. RAN4 to consider the following UE Types:
1/ Terminal Type 1 (Electronic steering antenna) with the following NFs:
· 2.5 dB NF (Class 1) - for both LEO and GEO;
· 6 dB NF (Class 2) - for LEO only.

2/ Terminal Type 2 (Mechanical steering antenna) with the following NFs:
· 2.5 dB NF (Class 1) – for both LEO and GEO.

Proposal 2. RAN4 to decide Tx Power and Antenna Gain for Class 2 terminals if similar or lower from Class 1 terminals.

Proposal 3. RAN4 to agree VSAT NTN UE classes as follows:
	
	Tx Power [W]
	Antenna Gain [dBi]
	NF [dB]
	UE types

	VSAT UE Class 1
	2W (33 dBm)
	Tx: 43.2 dBi
Rx: 39.7 dBi
	2.5 dB
	Type 1, Type 2

	VSAT UE Class 2
	TBD
	TBD
	6 dB
	Type 1 only
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