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In the previous RAN4 #108bis meeting, the draft TS skeleton for TS 38.101-5 of NTN above 10GHz were agreed and the work split were offline discussed and assigned. Based on the skeleton, the one key issue that impact the spec drafting, besides the ongoing co-ex studies, is that the UE types were not concluded. 
In this paper, we will summarize the previous agreements in this topic and propose a potential UE types that satisfy all these agreements.
Discussions on UE types
Previous agreements in Rel-18:
Starting from the #104bis meeting to the last #108bis meeting, the UE types related agreements from the following WFs were approved:
	RAN4 #
	WF
	Agreements

	104bis
	R4-2217743 [1]
	Agreement:
· Define one new power class for NTN UE
· FFS on whether this power class is applicable to fixed, movable NTN device, or both
· The regulation requirements should be considered when defining the new power class
· FFS on other new power classes for NTN UE


	105
	R4-2220573 [2]
	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.

Agreement:
· IF conversion is assumed as the baseline for movable NTN UE

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)

Agreement: 
· For NTN UE with phase antenna array if defined, only radiated requirements are to be specified.


	106bis
	R4-2306624 [3]
	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
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”).

	107
	R4-2310483 [4]
	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.

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

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; 

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;

	108
	R4-2314934 [5]
	Agreement:
· Define two set of requirement for fixed and mobile VSAT 
· Differentiate the electronic and mechanical steering for both fixed and mobile VSAT
· Strive to minimize the number of different requirements.

Agreement:
· 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].

Agreement:
· For mobile VSAT
· RAN4 to specify NTN UE VSAT pointing accuracy based on manufacturer declaration. RAN4 to reuse the explanation from EN 303 978: 
“The applicant shall declare the peak pointing accuracy () and the associated statistical basis.
The antenna shall maintain the declared peak pointing accuracy (), such that the off-axis EIRP emission density pattern projected onto the geostationary arc remains within the mask specified in clause [Total EIRP density specification] when shifted by an angle of ±(°), taking into account the following factors:
· the worst case operational environmental conditions;
· maximum ESOMP dynamics; and
· the range of latitude, longitude and altitude relative to the satellite orbital position.”
· For fixed VSAT
· RAN4 should specify antenna accuracy requirement for fixed VSAT, based on ETSI EN 301 360.

	108bis
	R4-2317648 [6]
	Agreement: 
· Define the UE RF requirements based on mathematical antenna model to cover both UE with mechanical steering antenna and UE with electronic steering antenna.
Note: UE RF requirements are based on coexistence scenarios using the enveloppe of mathematical antenna model to cover both UE with mechanical steering antenna and UE with electronic steering antenna.

Agreement:
· 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.

Agreement/WF:
· Take following information as working assumption for beam switching time:
· For mechanical steering: the typical values can be 22 degree/second, 6~8 seconds for inter-satellite beam switching.
· For electronic steering: A typical value can be 100~20ns for beam steering.



From [1] to [6], we have observed the NTN UEs were discussed and agreed to be categorized with several factors, and they are:
· Antenna steering type: Mechanical steering or Electronic steering
· Mobility: Fixed earth station or Earth station in motion
· Satellite orbit: GSO or non-GSO
· Noise figure: Class 1 or Class 2
· Antenna type: Parabolic antenna or Phased-array antenna
· Multiple connections: Single satellite or multiple satellite
· Multiple antennas: Single beam/aperture or multiple beam/apreture.

And among all above factors, the ‘antenna type’ can be dismissed based on the latest agreement of “Define the UE RF requirements based on mathematical antenna model to cover both UE with mechanical steering antenna and UE with electronic steering antenna”. In addition, the ‘multiple connections’ and ‘multiple antennas’ were defined as “As the baseline, assume that UE has the single beam towards one single satellite at a given time.”, which makes it having lower priority for the categorizations.
Hence, the NTN UE types should be separated with the following dimensions: 1) Antenna steering type; 2) Mobility; 3) Satellite orbit; 4) Noise figure class. And 5) Antenna type; 6) Multiple connections; 7) Multiple antennas may also be helpful, but can be down-selected in this release 18 for simplification.

Observation 1: From existing agreements [1] to [6], the NTN UE types should cover following dimensions: 1) Antenna steering type; 2) Mobility; 3) Satellite orbit; 4) Noise figure class. And 5) Antenna type; 6) Multiple connections; 7) Multiple antennas may also be helpful, but can be down-selected in this release 18 for simplification.

Regulatory information:
In previous RAN4 agreements and also the existing international/regional/country regulatory framework, the provisions, which are closely related to RF requirements, were built based on two dimensions:
· Satellite orbits: GSO or non-GSO
· Deployment mobility: Fixed earth station or Earth station in Motion (ESIM/ESOMP)

Thus, by introducing the regulatory requirements to the RAN4 requirements, including on-axis emission level/off-axis eirp mask/power-flux-density mask, etc., it will naturally inherit the separation in both satellite orbits and deployment mobility. The detailed impact of these regulatory frameworks to the RAN4 requirements were demonstrated in our previous contribution in #108bis [7], we will not repeat them here.

Observation 2: By introducing the regulatory framework into the RAN4 requirements, including on-axis emission levels, off-axis eirp mask, power flux density mask, etc., the categorization of above-mentioned 2) Mobility and 3) satellite orbit should be taken into consideration by the existing regulatory framework.

Proposal 1: We propose to clearly categorize the NTN UE for above 10GHz in following dimensions in this release:
· Antenna steering type: Mechanical steering or Electronic steering
· Mobility: Fixed earth station or Earth station in motion
· Satellite orbit: GSO or non-GSO
· Noise figure: Class 1 or Class 2

Proposal 2: We propose the following valuable categories, which were discussed or agreed in RAN4, can be postponed to future releases.
· Multiple connections: Single satellite or multiple satellite
· Multiple antennas: Single beam/aperture or multiple beam/apreture.
· Antenna type: Parabolic antenna or Phased-array antenna

Total UE types under Rel-18 WID scope:
From the above observations and previous agreements, by combining the different types of NTN UE with fixed or mobile earth station, with communication capability to both GSO and non-GSO or non-GSO only, and with mechanical steering antenna or electronic antenna, we count up to 5 types of UEs. Hence, we listed all these 5 UE types that is still within the Rel-18 WID work scope below:
	UE type
	Type description

	1
	Fixed NTN UE communicating with GSO and non-GSO with mechanical steering antenna.

	2
	Fixed NTN UE communicating with GSO and non-GSO with electronical steering antenna.

	3
	Fixed NTN UE communicating with non-GSO only with electronical steering antenna.

	4
	Mobile NTN UE communicating with GSO with mechanical steering antenna.

	5
	Mobile NTN UE communicating with GSO with electronical steering antenna.

	Note1: Assuming that UE has single beam towards one single satellite at a given time in Rel-18.
Note2: The Mobile VSAT communicating with non-GSO is not considered in Rel-18.



Proposal 3: By considering all the previous agreements and differences, in Rel-18, we should consider at least 5 types UEs as below:
	UE type
	Type description

	1
	Fixed NTN UE communicating with GSO and non-GSO with mechanical steering antenna.

	2
	Fixed NTN UE communicating with GSO and non-GSO with electronical steering antenna.

	3
	Fixed NTN UE communicating with non-GSO only with electronical steering antenna.

	4
	Mobile NTN UE communicating with GSO with mechanical steering antenna.

	5
	Mobile NTN UE communicating with GSO with electronical steering antenna.

	Note1: Assuming that UE has single beam towards one single satellite at a given time in Rel-18.
Note2: The Mobile NTN UE communicating with non-GSO is not considered in Rel-18.



Previous design in Rel-17:
In TS 38.331 and TS 38.306, the following IE was introduced for UE to indicate its capability for supported SAN orbits types.
	ntn-ScenarioSupport-r17
Indicates whether the UE supports the NTN features in GSO scenario or NGSO scenario. If a UE does not include this field but includes nonTerrestrialNetwork-r17, the UE supports the NTN features for both GSO and NGSO scenarios, and also supports mobility between GSO and NGSO scenarios.



With the ntn-ScenarioSupport-r17, the UE is able to indicate whether it supports GSO only, or NGSO only, or both GSO and NGSO, which support to distinguish the satellite orbits, and at the same time, it also distuighsed the noise figure classes.

Observation 3: The existing IE for Rel-17 NTN UE, ntn-ScenarioSupport-r17, can be used to indicate whether NTN UE support GSO only, NGSO only or both GSO and NGSO, which can be sufficient to separate the NTN UE with different capability to different SAN orbits, and different noise figure classes.

Required new design in Rel-18:
From Observation 1, 2 and 3, it may be possible that the dimension 3) of satellite orbit and 4) noise figure classes can be resolved with existing IE, so that we would require some new design to indicate the differences of the rest dimension 1) Antenna steering type and 2) Mobility. And to have an indicator, e.g. power classes, or UE capability IE, etc., for each of them can be a sufficient method. 

Based on the discussions in previous sections and also in previous meetings, it’s quite clear about the following findings:
Observation 4: The fixed or mobile NTN UE (VSAT) will have different requirements in 
· RF (on/off-axis eirp requirements and others related to the regulatory framework which were made differently for fixed and mobile VSAT) and
· RRM (mobility impact due to the locating accuracy differences, cell-reselection restriction due to the regulatory terms were different for fixed and mobile VSAT)

Besides, the electronic-steered and mechanical-steered NTN UE (VSAT) can have different requirements for spherical coverage, beam correspondence, EIRP and EIS.
· The mobile VSAT with electronic-steered NTN UE may have relatively larger spherical coverage due to its capability of electronic steering beam, while the mechanical steering VSAT may have less coverage due to its narrow beam without electronic steering capability.
Observation 5 The electronical-steered and mechanical-steered NTN UE (VSAT) will have different requirements in 
· RF (the regulatory framework have different antenna design ITU-R recommendations and eirp masks for electronic-steered and mechanical-steered VSAT, and impacts on beam correspondence, EIRP and EIS) and
· RRM (mobility impact due to the big differences in rotation speed and timing, etc.)

So from Observation 3~5, we have following proposals for the UE categorization in RAN4 spec:
Proposal 4: We propose to specify 5 new UE types or UE power classes, e.g. UE power classes/types 1~5, to reflect one of the each UE types defined in the above table.
Proposal 5: We propose to specify new power classes, e.g. Power Class [8] and [9], to reflect the Fixed and Mobile VSAT due to its differences from RF and RRM requirements.
Proposal 6: We propose to specify a UE capability to reflect the UE differences in antenna steering types, which is electronic-steered or mechanical-steered.

Summary:
Due to the long-discussion, and the complexity of this work item, we suggest the meeting to respect all the previous agreements and do not re-discuss any of them to delay the work. And it is suggested that the meeting to make decisions on the UE types so that all the rest drafting work of RAN4 specifications can go on without any burden.

Discussions on VSAT maximum and minimum EIRP
Maximum EIRP:
Given the studies in Rel-18 only considered the NTN UE (VSAT) with conducted input power with 2 Watts, and the maximum antenna gain of the parabolic antenna model from the study assumption is 43.2 dBi as of Tx, so that the maximum EIRP should be capped as 43.2dBi + 33dBm = 76.2 dBm.
Proposal 7: We propose to consider 76.2 dBm as maximum EIRP limit for VSAT considering the co-ex study assumptions including 33dBm Tx power and 43.2dBi maximum Tx antenna gain.

Minimum peak EIRP:
The minimum peak EIRP of the VSAT was not discussed in the previous meeting, and we think two major factors should be taken into account when defining the minimum peak EIRP requirement for NTN UE (VSAT):
1. The NTN UE (VSAT) with minimum peak EIRP should be able to communicate with NTN SAN under its claimed orbits.
2. The NTN UE (VSAT) minimum peak EIRP should take into account the implementation differences especially from the ‘total implementation losses’ provided by NTN UE vendors.

From the above bullet 1, we can derive a minimum required EIRP to close the uplink from a NTN UE under the ‘best-case’ assumption scenario. And the table can be found below:
Table-1 Minimum required EIRP from network link budget
	VSAT UL (27GHz)
	LEO 600
	LEO 1200
	GEO

	Rx noise floor (SAN)
(10*log10(KTB) with assumption of 20MHz BW)
	[-101] dBm
	[-101] dBm
	[-101] dBm

	NF
	5.9 dB
	5.9 dB
	5.9 dB

	Rx antenna Gain
	38.5 dBi
	38.5 dBi
	58.5 dBi

	SNR criteria @ SAN from minimum VSAT eirp
	[-1] dB
	[-1] dB
	[-1] dB

	Pathloss (FSPL at 90 degree elevation angle)
	176.6 dB
	182.7 dB
	212.2 dB

	Additional loss (any additional loss considered)
	[1] dB
	[1] dB
	[1] dB

	Required minimum peak EIRP (by calculating above)
	[43] dBm
	[49.1] dBm
	[58.6] dBm



Observation 6: From the Table-1, the minimum required EIRP from VSAT should be at least 43dBm / 49.1dBm / 58.6dBm for communicating with LEO600/1200/GEO under ‘best-case’ assumption respectively.

From the above bullet 2, the minimum EIRP requirement should be able to cover the implementation loss from manufacturer and design, and those numbers should be provided by the NTN UE (VSAT) vendors. One possible table can be considered as shown below from the previous RAN4 FR2 UE RF discussion:
Table 2 Minimum required EIRP from implementation budget
	Parameter
	Unit
	VSAT on 27GHz

	P_out per element
	dBm
	

	# of antennas in array
	
	

	Total conducted power per polarization
	dBm
	

	Avg. antenna element gain
	dBi
	

	Antenna roll-off loss vs frequency
	dB
	

	Realized antenna array gain
	dBi
	

	Polarization gain
	dB
	

	Mismatch and transmission line loss 
including load pull
	dB
	

	Beam forming loss (phase shifter and amplitude error)
	dB
	

	Finite beam table
	dB
	

	Beam forming loss (one beam table fits all)
	dB
	

	Form-factor integration losses
	dB
	

	Total implementation loss for peak EIRP(worst-case)
	dB
	

	Total implementation loss for TRP(best-case)
	dB
	

	TRP
	dBm
	

	Peak EIRP (Minimum)
	dBm
	



Proposal 8: The minimum EIRP requirement of NTN UE (VSAT) should consider both network link budget and implementation budget.




Addition of UE feature list
Proposal 9: From above discussions and proposals, we proposed the following UE feature list: Table-3
Table-3 Addition of UE feature list under 40.NR_NTN_enh
	Features
	Index
	Feature group
	Components

	Prerequisite feature groups
	Need for the gNB to know if the feature is supported
	Applicable to the capability signalling exchange between UEs (V2X WI only)”.
	Consequence if the feature is not supported by the UE
	Type
(the ‘type’ definition from UE features should be based on the granularity of 1) Per UE or 2) Per Band or 3) Per BC or 4) Per FS or 5) Per FSPC)
	Need of FDD/TDD differentiation
	Need of FR1/FR2 differentiation
	Capability interpretation for mixture of FDD/TDD and/or FR1/FR2
	Note
	Mandatory/Optional

	40.
NR_NTN_enh
	40-1
	VSAT antenna steering type
	1. Mechanical steering
2. Electronic steering
3. [Hybrid steering]
	34-1
	yes
	N/A
	The network cannot distinguish the UE steering times from different steering types.
	Per UE
	N/A
	FR2 only
	N/A
	
	Conditionally mandatory with capability signalling, at least report one steering type for UE supporting NTN and operating in FR2-NTN bands.

	
	
	[VSAT operating orbit type
	1. GEO and LEO
2. LEO only
3. [GEO only]
	34-1
	yes
	N/A
	The network does not know whether it’s legitimate to handover a UE to a target satellite cell
	Per UE
	N/A
	FR2 only
	N/A
	
	Conditionally mandatory with capability signalling, at least report one operating orbit type for UE supporting NTN and FR2-NTN bands.]

	
	
	[VSAT mobility type
	1. Fixed
2. Mobile
	34-1
	yes
	N/A
	The network does not know whether it’s legitimate to handover a UE to a target satellite cell.
	Per UE
	N/A
	FR2 only
	N/A
	
	Conditionally mandatory with capability signalling, at least report one mobility type for UE supporting NTN and FR2-NTN bands.]

	
	
	
	
	
	
	
	
	
	
	
	
	
	






Conclusion
The following observations and proposals were submitted in this document for the meeting to disucss:
Observation 1: From existing agreements [1] to [6], the NTN UE types should cover following dimensions: 1) Antenna steering type; 2) Mobility; 3) Satellite orbit; 4) Noise figure class. And 5) Antenna type; 6) Multiple connections; 7) Multiple antennas may also be helpful, but can be down-selected in this release 18 for simplification.
Observation 2: By introducing the regulatory framework into the RAN4 requirements, including on-axis emission levels, off-axis eirp mask, power flux density mask, etc., the categorization of above-mentioned 2) Mobility and 3) satellite orbit should be taken into consideration by the existing regulatory framework.
Proposal 1: We propose to clearly categorize the NTN UE for above 10GHz in following dimensions in this release:
· Antenna steering type: Mechanical steering or Electronic steering
· Mobility: Fixed earth station or Earth station in motion
· Satellite orbit: GSO or non-GSO
· Noise figure: Class 1 or Class 2
Proposal 2: We propose the following valuable categories, which were discussed or agreed in RAN4, can be postponed to future releases.
· Multiple connections: Single satellite or multiple satellite
· Multiple antennas: Single beam/aperture or multiple beam/apreture.
· Antenna type: Parabolic antenna or Phased-array antenna

Proposal 3: By considering all the previous agreements and differences, in Rel-18, we should consider at least 5 types UEs as below:
	UE type
	Type description

	1
	Fixed NTN UE communicating with GSO and non-GSO with mechanical steering antenna.

	2
	Fixed NTN UE communicating with GSO and non-GSO with electronical steering antenna.

	3
	Fixed NTN UE communicating with non-GSO only with electronical steering antenna.

	4
	Mobile NTN UE communicating with GSO with mechanical steering antenna.

	5
	Mobile NTN UE communicating with GSO with electronical steering antenna.

	Note1: Assuming that UE has single beam towards one single satellite at a given time in Rel-18.
Note2: The Mobile NTN UE communicating with non-GSO is not considered in Rel-18.



Observation 3: The existing IE for Rel-17 NTN UE, ntn-ScenarioSupport-r17, can be used to indicate whether NTN UE support GSO only, NGSO only or both GSO and NGSO, which can be sufficient to separate the NTN UE with different capability to different SAN orbits, and different noise figure classes.
Observation 4: The fixed or mobile NTN UE (VSAT) will have different requirements in 
· RF (on/off-axis eirp requirements and others related to the regulatory framework which were made differently for fixed and mobile VSAT) and
· RRM (mobility impact due to the locating accuracy differences, cell-reselection restriction due to the regulatory terms were different for fixed and mobile VSAT)
Observation 5 The electronical-steered and mechanical-steered NTN UE (VSAT) will have different requirements in 
· RF (the regulatory framework have different antenna design ITU-R recommendations and eirp masks for electronic-steered and mechanical-steered VSAT, and impacts on beam correspondence, EIRP and EIS) and
· RRM (mobility impact due to the big differences in rotation speed and timing, etc.)

Proposal 4: We propose to specify 5 new UE types or UE power classes, e.g. UE power classes/types 1~5, to reflect one of the each UE types defined in the above table.
Proposal 5: We propose to specify new power classes, e.g. Power Class [8] and [9], to reflect the Fixed and Mobile VSAT due to its differences from RF and RRM requirements.
Proposal 6: We propose to specify a UE capability to reflect the UE differences in antenna steering types, which is electronic-steered or mechanical-steered.

Proposal 7: We propose to consider 76.2 dBm as maximum EIRP limit for VSAT considering the co-ex study assumptions including 33dBm Tx power and 43.2dBi maximum Tx antenna gain.
Proposal 8: The minimum EIRP requirement of NTN UE (VSAT) should consider both network link budget and implementation budget.

Proposal 9: From above discussions and proposals, we proposed the following UE feature list: see Table-3
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