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Introduction
Briefly introduce background, the scope of this email discussion (e.g. list of treated agenda items) and provide some guidelines for email discussion if necessary.
List of candidate target of email discussion for 1st round and 2nd round 
· 1st round: TBA
· 2nd round: TBA
It is appreciated that the delegates for this topic put their contact information in the table below.
Contact information
	Company
	Name
	Email address

	Samsung
	Runsen Tang
	runsen.tang@samsung.com

	Ericsson
	Dominique Everaere
	dominique.everaere@ericsson.com

	THALES
	Dorin Panaitopol
	

	Huawei
	Peng (Henry) Zhang
	zhangpeng169@huawei.com

	Nokia
	Johannes Hejselbaek
	Johannes.hejselbaek@nokia.com

	Qualcomm Incorporated
	Gene Fong
	gfong@qti.qualcomm.com

	Hughes/EchoStar
	Munira Jaffar
	munirajaffar@hughes.com

	Inmarsat
	Luca Lodigiani
	Luca.lodigiani@inmarsat.com

	Intel Corporation
	Aida Vera Lopez
	aida.l.vera.lopez@intel.com



Note:
1) Please add your contact information in above table once you make comments on this email thread. 
2) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)
The e-mail discussion covers UE RF requirements for NTN in Ka-band and maintenance for Rel-17 NTN UE RF. All contributions submitted are divided into the following Topics:
1. [bookmark: _Hlk54855244]UE RF requirement for NTN in Ka-band
Topic #1: UE RF requirement 
Companies’ contributions summary
	T-doc number
	Company
	Proposals / Observations

	R4-2304570
	Ericsson
	NTN enhancement: NTN UE requirements

	R4-2305065
	Nokia, Nokia Shanghai Bell
	On Beam Tracking Capabilities for measurements
Observation 1: For a NTN UE with a parabolic antenna, RAN4 has to define whether the NTN UE has the capability to measure cells in neighbor satellites within 1.28 s.
Proposal 1: RAN4 to define whether a NTN UE with parabolic antenna is capable to perform measurements for cell reselection for inter-satellite cells.
Observation 2: For a NTN UE with a parabolic antenna, a NTN UE with parabolic antenna might not capable to perform measurements in neighbor satellites within one measurement gap.
Proposal 2: RAN4 to decide whether NTN UEs within power classes associated to reception with parabolic antennas are not capable to perform inter-satellite mobility.
Observation 3: In TN FR2, RRM requirements for mobility are scaled by different factors depending on UE power class.
Proposal 3: Define the beam sweeping capabilities of NTN UEs using phased arrays for transmission.
Observation 4: Different FR2 UE types are separated by power class in 38.101-2
Proposal 4: RAN4 shall discuss if separation of NTN UE types for NTN UEs using parabolic antenna and phased arrays for transmission can be done using the FR2-NTN power class definitions


	R4-2305384
	Huawei, HiSilicon
	Discussion on Ka band NTN UE
Observation 1: Due to different scenarios and demands of system performance, it’s very hard to specify several discrete NTN terminal classes/ power classes to cover all kinds of NTN terminals with both phased antenna array and parabolic antenna implementation.
Proposal 1: In order to leave some room or flexibility for UE vendors to meet different scenarios and system demands by using different antenna implementations, NTN UE declaration for maximum output power requirements in Ka band can be considered.
Observation 2: it is meaningless to specify spherical coverage for Ka band NTN terminals since narrow beam is implemented to achieve higher antenna gain.
Proposal 2: There is no need to specify Spherical coverage requirements for Ka band NTN terminals.
Proposal 3: RAN4 can further discuss whether the RF characteristics for NTN UE in Ka band can be specified independent of the implementation technology.

	R4-2305419
	ZTE Corporation
	Further discussion on UE RF requirements for NTN in Ka-band

	R4-2305844
	THALES, Hughes/EchoStar
	NTN UE terminal reference architecture for above 10 GHz

	
	
	



Open issues summary
Before e-Meeting, moderators shall summarize list of open issues, candidate options and possible WF (if applicable) based on companies’ contributions.
Sub-topic 1  UE types and antenna assumption for NTN UE
Sub-topic description:\
Issue 1-1: UE types
· Proposal : 
· Proposal 1: start with single name for NTN UE (e.g. NTN VSAT) and further discus the number of UE types if there are any requirement differentiation. [ZTE, R4-2305419]
· Proposal 2: As starting point, RAN4 shall consider 2 types of NTN satellite UE above 10 GHz: one type for NTN mobile device and another type for NTN fixed device. And when all requirements will be specified, RAN4 should reconsider this differentiation and check if it’s still relevant. [Ericsson,R4-2304570]
· Proposal 3: Do not separate Parabolic/Dish antenna or Phased-Array antenna in different NTN UE-types definitions. RAN4 to consider Parabolic/Dish antenna or Phased-Array antenna in a single common NTN UE-type definition for above 10 GHz, since similar performance characteristics. [THALES, Hughes/EchoStar,R4-2305844 ]
· Proposal 4: Discuss possible differentiation of NTN UE types in above 10 GHz, based on RF parameters (noise figure, antenna gain and transmission power, or alternatively minimum EIRP in the peak direction, Effective Isotropic Sensitivity EIS, etc.). [THALES, Hughes/EchoStar,R4-2305844 ]
· Proposal 5: RAN4 shall discuss if separation of NTN UE types for NTN UEs using parabolic antenna and phased arrays for transmission can be done using the FR2-NTN power class definitions [Nokia, R4-2305065]
· Proposal 6: RAN4 can further discuss whether the RF characteristics for NTN UE in Ka band can be specified independent of the implementation technology. [Huawei,R4-2305384]
· Recommended for GTW discussion: 
· Companies’ views are encouraged during the meeting.

Sub-topic 2  Beam tracking capability
Sub-topic description:
Open issues and candidate options before e-meeting:
Issue 2-1:  Beam tracking capability
· Proposals
· Observation 1: For a NTN UE with a parabolic antenna, RAN4 has to define whether the NTN UE has the capability to measure cells in neighbor satellites within 1.28 s. [Nokia, R4-2305065]
· Proposal 1: RAN4 to define whether a NTN UE with parabolic antenna is capable to perform measurements for cell reselection for inter-satellite cells. [Nokia, R4-2305065]
· Observation 2: For a NTN UE with a parabolic antenna, a NTN UE with parabolic antenna might not capable to perform measurements in neighbor satellites within one measurement gap. [Nokia, R4-2305065]
· Proposal 2: RAN4 to decide whether NTN UEs within power classes associated to reception with parabolic antennas are not capable to perform inter-satellite mobility. [Nokia, R4-2305065]
· Observation 3: In TN FR2, RRM requirements for mobility are scaled by different factors depending on UE power class. [Nokia, R4-2305065]
· Proposal 3: Define the beam sweeping capabilities of NTN UEs using phased arrays for transmission. [Nokia, R4-2305065]
· Observation 4: Different FR2 UE types are separated by power class in 38.101-2 [Nokia, R4-2305065]
· Proposal 4: RAN4 should specify antenna pointing stability and accuracy requirements for fixed type of NTN satellite UE. [Ericsson,R4-2304570]
· Proposal 5: RAN4 should specify antenna pointing accuracy requirement for mobile type of NTN satellite UE (ESIM).  [Ericsson,R4-2304570].
· Proposal 6: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. shall be left for implementation (and not part of 3GPP requirements). [THALES, Hughes/EchoStar,R4-2305844 ]
· Proposal 7: NTN UE beam steering, NTN UE beam switching capabilities, NTN UE beam switching granularity, NTN UE beam tracking capability or satellite beam tracking capability, etc. can be considered for implementation for example based on -3 dB NTN UE beam width and satellite constellation parameters (e.g. satellite orbit and velocity). [THALES, Hughes/EchoStar,R4-2305844 ]
· Proposal 8: for beam tracking requirements of NTN VSAT, propose to use EN 303 978 and 303 979 as reference. [ZTE, R4-2305419]
· Proposal 9: It is assumed for the NTN capable UE operating in above 10 GHz that: [THALES, Hughes/EchoStar,R4-2305844 ]
· 
· the generated Rx/Tx beams are able to track the serving satellite as well as at least another neighbouring satellite;
· 
· the rally time of (Rx and/or Tx) beam pointing between 2 satellites is considered negligible;
· 
· 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”;
· 
· 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”).

· Recommended for GTW discussion: 
· Companies’ views are encouraged during the meeting.
· Moderator’s view:
· For the proposal 1,2 and 3 from Nokia and proposal 6,7 from Thales: beam sweeping related capability, this should be up to RRM discussion instead of RF discussions.
· For the proposal 4 from the Ericsson:  the reference regulation EN 301 428 is for Ku-band instead of Ka-band, not sure of its applicability here. 
. 
Sub-topic 3  RF requirements for NTN UE in Ka-band
Sub-topic description:
Open issues and candidate options before e-meeting:
Agreement reached in last RAN4#105 meeting.
Issue 3-1: NTN UE reference architecture for above 10GHz
· Proposals
· Proposal 1: RAN4 shall specify a generalized NTN UE terminal reference architecture for above 10 GHz as follows (the details can be left for implementation): [THALES, Hughes/EchoStar,R4-2305844 ]
[image: ]
Note 1: The Up-Converter and the Tx Power Amplifier are part of the Transmission chain.
Note 2: The Rx LNA (Low-Noise Amplifier) and the Down-Converter are part of the Reception chain.
Note 3: RF represents the Radio Frequency region and IF the Intermediate Frequency region.
Note 4: DP is the Duplexer and ACU is the Antenna Control Unit.
· Recommended for GTW discussion
·  Companies’ views are encouraged during the meeting.
· From  moderator’s view, this is informative and don’t need any further agreement on it.

Issue 3-2: Power class related requirement
· Proposals
· Observation 1: Due to different scenarios and demands of system performance, it’s very hard to specify several discrete NTN terminal classes/ power classes to cover all kinds of NTN terminals with both phased antenna array and parabolic antenna implementation. [Huawei, R4-2305384]
· Proposal 1: In order to leave some room or flexibility for UE vendors to meet different scenarios and system demands by using different antenna implementations, NTN UE declaration for maximum output power requirements in Ka band can be considered. [Huawei, R4-2305384]
· Observation 2: it is meaningless to specify spherical coverage for Ka band NTN terminals since narrow beam is implemented to achieve higher antenna gain. [Huawei, R4-2305384]
· Proposal 2: There is no need to specify Spherical coverage requirements for Ka band NTN terminals. [Huawei, R4-2305384]
· Proposal 3: for EIRP of NTN VSAT, propose to use the declaration approach and FFS of any signalling to network. [ZTE, R4-2305419]
· Proposal 4: propose not to consider the spherical coverage requirement for NTN VSAT and no requirement for maximum output power if there are no existing regulation limits. [ZTE, R4-2305419]
· Proposal 5: RAN4 shall discuss if separation of NTN UE types for NTN UEs using parabolic antenna and phased arrays for transmission can be done using the FR2-NTN power class definitions. [Nokia, R4-2305065]
· Proposal 6: NTN UE power can be used to differentiate different types of NTN UE depending on the deployment scenario (e.g. land, vessel, aircraft, etc) in concordance with regulatory requirements. However, in order to simplify the normalisation of NTN UE above 10 GHz, only one single NTN UE power class can be specified in Rel-18. [THALES, Hughes/EchoStar,R4-2305844 ]
· Recommended for GTW discussion
·  Companies’ views are encouraged during the meeting.


 Issue 3-3: Off-axis and On-axis for NTN UE
· Proposals
· Proposal 1: RAN4 should specify on-axis and off-axis EIRP requirements based on Regulations. [Ericsson,R4-2304570].
· Proposal 2: RAN4 should specify on-axis and off-axis spurious requirements.  [Ericsson,R4-2304570].
· Proposal 3: For NTN UE in above 10 GHz, RAN4 to define only radiated (on-axis) requirement. [THALES, Hughes/EchoStar,R4-2305844 ]
· Recommend
·  Companies’ views are encouraged during the meeting. 

Sub-topic 3-3
	Company
	Comments

	Samsung
	This issue should include the options and issues from [311] as agreed in BSRF GTW. And then we further discuss it.

	 Ericsson
	We don’t agree with proposal 3, this would be incomplete, ignoring some regulatory input.

	Huawei
	Thanks for Ericsson’s proposals. I think it’s a good starting point to specify the requirements for NTN UE.

	THALES
	Proposal 3 is still fine, since RAN4 work is based on coexistence analysis. Proposal 3 refers only to RAN4 work. Off-axis requirement can directly use/cite regulations.

	ZTE
	We also disagree with proposal 3 just ignoring the regulatory inputs.

	Nokia
	Regulatory requirements needs to be reflected by the specification.

	Qualcomm
	We believe the baseline should include both on-axis and off-axis power for both on channel and off channel spurious.  If this proves to be impossible to specify, we can reconsider later but we shouldn’t disregard it now since this is an important parameter that appears frequently in regulations.

	Hughes/EchoStar
	Support Proposal 3

	Inmarsat
	We agree that at least off-axis EIRP requirements are required to meet general regulations. FFS on the rest.


	

 Issue 3-4: Power Flux density for NTN UE
· Proposals
· Proposal 1:  RAN4 should specify power flux density requirements for mobile type of NTN satellite UE , and more specifically for ESIM-A and ESIM-M based on Regulations. [Ericsson,R4-2304570].
· Recommend
·  Companies’ views are encouraged during the meeting. 

 Issue 3-5: Additional features for NTN UE
· Proposals
· Proposal 1: RAN4 should further discuss if (and eventually how) those additional requirements (off-axis EIRP density limits self-monitoring) should be captured in RAN4 RF specifications. [Ericsson,R4-2304570].
· Self monitoring of the off-axis EIRP density limits with automatic end of transmissions,  within 100ms (FCC 25.228) or 1 second (EN 303 978) if the limit(s) is(are) exceeded.
· ESIM shall be monitored and controlled by a Network Control and Monitoring Center (FCC naming) or Network Control Facility (ECC naming). On reception of a ”disable transmission” command from this NCMC, the ESIM shall stop any transmission within 100ms (FCC 25.228).
·     Proposal 2: RAN4 should specify an optional method for the NTN UE or the Network to disable NTN UE UL transmission if and when required. [THALES, Hughes/EchoStar,R4-2305844 ]
·    Proposal 3: The use or avoidance of specific spectrum sub-channels that overlap with FS services can be controlled on a per-UE basis by the Network resource allocation mechanisms taking into account whether the NTN UE is subject to coordinated or uncoordinated operation, NTN UE location in 3D space and any guard band that may be required. [THALES, Hughes/EchoStar,R4-2305844 ]
· Recommend
·  Companies’ views are encouraged during the meeting. 

Sub-topic 3-5
	Company
	Comments

	Samsung
	We support the NCMC to be considered so that the ESIM(NTN UE) transmission can be terminated or reduce power to stop interfering other systems, according to the regulation.

	Ericsson
	We support proposal 1 and 2
Proposal 3 would need some clarification, what’s the intention with this proposal? 

	THALES
	All options seem to be fine.. we can try to combine them together.

	Huawei
	If network need to signal something to disable NTN UE UL transmission, there should be some impacts on RAN2.

	ZTE
	We support the option 1, even for proposal 2, we still follow the regulation, right?

	Nokia
	We believe this is related to the discussion in thread 309 Sub-topic 1-5 (Issue 1-5-3)
The spirit of the proposals is in the direction we wanted to discuss with our proposals in thread 309.

	Qualcomm
	Self monitoring sounds good in concept and it sounds nice to include in a specification, but it would be very difficult to actually design for.  For example, self monitoring of off-axis transmission would require the UE to implement a detector of some sort to be used for feedback.  It’s not obvious to me how this would be done, especially in a live mode of operation.  Many of the regulations also state self monitoring capability as a declaration (also not clear to me exactly what is declared); if so, then standardizing it does not make sense.

	Inmarsat
	We are ok with all proposals, we will need to discuss how to implement self-monitoring.
Proposal 3 aims to address frequency channel usage restrictions (if any and when applicable).  We think it’s a reasonable approach.



 Issue 3-6: Noise figure related requirements
· Proposals
·           Proposal 1: [Option 1] RAN4 to use the following NTN UE parameters:   
[THALES, Hughes/EchoStar,R4-2305844 ]
Table 1. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Receiver noise figure
	(dB)
	 
	1,2

	Feeder loss
	(dB)
	 
	-0,50

	Sky temperature
	(K)
	 
	30

	Ground temperature
	(K)
	 
	10

	Antenna temperature
	(K)
	
	40

	G/T figure of merit
	(dB/K)
	 
	16,5




NOTE1: T_a = T_Sky + T_Ground
NOTE2: The antenna temperatures are based on e.g. ITU-R Rec. P372 and Rec. P618.
NOTE3: T_sky is computed using [ITU-R Rec. P.618-13] as expressed below

	3	Noise temperature
As attenuation increases, so does emission noise. For earth stations with low-noise front-ends, this increase of noise temperature may have a greater impact on the resulting signal-to-noise ratio than the attenuation itself.
The sky noise temperature at a ground station antenna may be estimated by:
		Tsky = Tmr (1 – 10–A/10) + 2.7 × 10–A/10         K	(63)
where:
	Tsky :	sky noise temperature (K) at the ground station antenna
	A :	total atmospheric attenuation excluding scintillation fading (dB)
	Tmr :	atmospheric mean radiating temperature (K).





Proposal 2: [Option 2] RAN4 to use the following NTN UE parameters: [THALES, Hughes/EchoStar,R4-2305844 
Table 2. NTN UE Parameters
	NTN UE Parameters
	
	Tx (Uplink)
	Rx (Downlink)

	Polarisation
	 
	Circular
	Circular

	Low Frequency 
	(MHz)
	27 500
	17 700

	Centre frequency
	 
	28 750
	18 950

	High frequency
	 
	30 000
	20 200

	Efficiency
	 
	60%
	57%

	On-axis antenna gain at Fc
	(dBi)
	42,9
	39,0

	Output power at antenna input
	(W)
	2
	

	Output power at antenna input
	(dBW)
	3,0
	 

	Output loss
	(dB)
	-1,0
	 

	Peak EIRP (on-axis)
	 
	44,9
	 

	Equivalent Receiver Noise Figure
	(dB)
	 
	2,1

	Feeder loss
	(dB)
	 
	-0,50



 Issue 3-7: Other related requirements
· Proposals
·           Proposal 1: to discuss further requirement in the following table.  [ZTE, R4-2305419]
	
	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
	Please see the above analysis

	MPR
	No
	Since EIRP value is up to the vendor’s declaration, it is not necessary to define MPR requirement similar as IAB and ATG CPE.

	A-MPR
	Yes
	Not necessary to define A-MPR requirement for it similar as MPR.

	Configured Tx power
	No
	Not necessary to define configured Tx power requirement since all values in equation would be up to declaration at the end.

	Output Power Dynamics
	No
	The minimum output power for NTN VSAT, 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 38.101-2, 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.
Carrier leakage and in-band emission requirement might be not necessary as Rel-16 FR2 IAB device.

	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 NTN VSAT, the following requirements should be defined for NTN VSAT UE.
· EIS on-axis up to the declaration 
 	

	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.



Companies views’ collection for 1st round 
 Open issues 
Sub-topic 1-1
	Company
	Comments

	Company ASamsung
	We share the similar considerations as expressed in Proposal 4, that if we are going to separate the UE types, it should not simply categorized by its antenna types. Different UE types will results in different RF, RRM requirements from RAN4 perspective. 
In our view, the RF requirements for parabolic and phased-array NTN VSAT can be different, as their implementation and architecture could be different. And also, the parabolic antenna may only be able to perform mechanical tilting to point to SAN, but phased-array antenna possibly can perform electrical tilting by phase-shift methods (if the side lobe by phase shifting is still under the ITU-R requirements (S.465, S.524) of the off-axis pattern and eirp masks).  The power reduction to comply with the regulation may also be different to parabolic UE and phased-array UE.
Thus, we tends to agree with Proposal 2, and if that’s not the common understanding, we are also OK to go with Option 1 to have more discussions.

	Company BEricsson
	Except proposal 1 and 2, the proposals are not exclusive, RAN4 could differentiate parabolic vs phased array antenna via power classes, if they have distinct RF parameters. 
But we think we should at least start with 2 types of NTN UEs, one mobile and one “fixed” (we can further discuss what fixed/mobile means if needed), and this because:
· We already know ESIM will have additional regulatory requirements.
· n510 doesn’t allow ESIM, excluding then any kind of mobility in that band.
This would also avoid some confusion and misunderstanding while capturing the requirements. 
And when most of the requirements will be settled, RAN4 could still reconsider having one or 2 types of UE if it appears requirements for those 2 types are very similar. 

	THALES
	Preference for proposal 4.

	Huawei
	I can understand proposal 2 that proponent want to include the regulation requirements into 3GPP spec. However, except for the mobile or fixed, maybe different orbits supported by UE should also be considered. Not sure whether we can start with the different classed from regulation requirements. Different output power may be related to different orbits supported by UE.

	ZTE
	In general, we support the Ericsson’s proposal if we want to have any mobility related  terms mentioned in the UE types. We could further discuss in future if single UE types are sufficient similar as LEO600 and LEO1200km in Rel-18.  
From the antenna implementations, we could further discuss whether there are any RF requirement differentiation at the end. It should be noted that in coexistence study perspective, parabolic antenna are also prioritized based on the agreement reached in the BS RF session.
[image: ]

	Nokia
	We would be fine to focus on two UE types; “Fixed” and “Mobile”. The details for each of these can then be further discussed. But as pointed out by Ericsson we at least need to know if the UE is expected to move during transmissions or not. Further, the “antenna type” discussion could perhaps be focused more on the form-factor and the expected gain of these than the antenna type/implementation itself. By this we mean is it a single portal “box” or is it a set-up with potential external high-gain antenna. 

	Qualcomm
	We believe defining multiple UE types in the specification will be beneficial because they can have different characteristics and different performance requirements.  Segregating them purely by power class (as was done in FR2) is perhaps not the best way because there are also differences depending on antenna type such as parabolic vs. phased array.  We don’t propose to define specifically a parabolic UE type vs. a phased array UE type, but we expect that there will be differences in performance requirements depending which type is declared.  Alternatively, we can use an “a la carte” approach and have the UE send capability signaling for different types of requirements, but that might result in fragmentation with too many mix-and-match combinations.

	Hughes/EchoStar
	Proposal 4

	Inmarsat
	Proposal 1: Ok
Proposal 2: Disagree – there is no reason to differentiate based on fixed vs mobile/moving UE.  In  fact this proposal contradicts the other observations and proposals pretty much from all companies, because all contributions show that the differentiating factors have nothing to do with whether the UE is moving or fixed, but based on the RF characteristics and, perhaps, parabolic vs phased-array for RRM requirements (due to beam steering time).
Proposal 3: We should use this as a starting point since core RF requirements are going to be comparable, and then see whether RRM requirements (e.g. measurement) really warrant differentiation.
Proposal 4: Agree – this should be our baseline.  Any other baseline would be either incorrect or incomplete.
Proposal 5: No, there is no basis to do so.
Proposal 6: We think they can.

	Intel
	Defining multiple UE types for NTN is necessary if there are performance differences (typically stemming from antenna design differences). This follows the FR2 UE power class framework, where the requirements of each power class were derived based on different architecture assumptions for each UE type (including number of antenna elements, form-factor, integration losses). Additionally, we should also consider relevant regulatory requirements.
We think focus should be placed on the performance parameters that will be specified and the minimum performance that can be achieved for these.




Sub-topic 2-1
	Company
	Comments

	Company ASamsung
	We agree with Moderator’s view that Proposal 1,2,3,6,7 may be better discussed in RRM topic, especially it seems they are timing related. 
For pointing accuracy proposals in Proposal 4, 5, 8, 9:
We tends to agree with Proposal 8, that we believe the regulatory requirements for beam pointing should be specified to comply with regulation, and also to protect other satellite in same or different orbits.
We have questions for the first two bullets of Proposal 9, that why we need to assume the NTN UE should be capable of tracking one and the neighboring satellites? And why the rally time between the pointing to 2 satellites is negligible? And when you say ‘negligible’, what’s the assumed time duration for such pointing switching?

	Company BEricsson
	Proposals 1, 2 and 3 seem to motivate the need to distinguish parabolic vs phased array UE.
We support proposal 4, 5 and 8.
For proposal 9, not sure what’s the intention of this proposal: is it to specify the listed requirements or to not specify them in RAN4? As those requirements are part of the CE certification, they should be considered in RAN4 for n512.

	THALES
	Preference for Proposal 6 and 7. We can also use Proposal 9 as reference in the specification. We can also reference in the TS to other documents/requirements/regulatory (e.g. FCC) for other bands (e.g. different from n512) without having to define new requirements in RAN4.

	Huawei
	I share the similar view with Samsung and Ericsson. Maybe the current regulatory can be starting point as what we did in the first WI of 3GPP. 
I also have concerns on proposal 9. RAN4 can’t assume whether UE is capable or not on beam tracking capability. What we can do is to specify the minimum requirements and test whether the UE can meet or not.

	ZTE
	We support that that Proposal 1,2,3,6,7 may be better discussed in RRM topic and we don’t see any RF requirement related with this proposal indeed. 
For Proposal 4,5,8, we also agree to follow the regulatory requirement for it.
For Proposal 9, at least the rally time should not been considered here, maybe this is useful for the neighbour satellite measurement, like configure measurement gap to measure other inter-freq, however we don;t see its necessity to discuss it in RF session.  In addition, the last two bullet, that has already been captured in proposal 4,5 and 8.

	Nokia 
	The moderator may be correct that proposals 1, 2 and 3 coming from our side are more RRM oriented, but they still point out the need to define these requirements. If we are to perform inter-satellite cell measurements the antenna and RF implementation may need to support multiple beams. This indeed needs to be considered for the RF requirements. 
We agree with proposal 4, 5 and 8.

	Qualcomm
	While proposals 1, 2, 3, 6, 7 are RRM-related, it is beneficial to better understand the reference architecture(s) under consideration.  For example, a parabolic antenna may not be able to track multiple satellites simultaneously or if there is an assumption that two parabolic antennas are available, then maybe up to two satellites could be tracked.  But if two antennas are available, then there may be interference when one is transmitting so these reference architectures need to be understood from a practical perspective.  Pointing accuracy should be at least specified for moveable NTN terminal (proposal 5), but may not be needed for fixed site parabolic since the accuracy would be more a function of the installation than the radio.  On the other hand, for a fixed site phased array, pointing accuracy would be more important.

	Hughes/EchoStar
	Support Proposal 6 and 7

	Inmarsat
	Proposal 1: One can also assume that the parabolic antenna architecture uses multiple parabolic reflectors, this is very common in VSAT systems with parabolic antennas and can be used to support inter-satellite handover. It can be treated as an implementation detail and the two Parabolic antennas can be treated as multiple beams of the same antenna system.
Alternatively, if only a single beam is considered, this can be discussed in RRM scope, as suggested by Moderator.
Proposal 2: Disagree. Distinction of power classes should not be based on parabolic vs phased array antenna.
Proposal 3: Disagree. A parabolic reflector can scan the sky within a pre-defined beam step grid.  
Proposal 4, 5: Regardless that the reference is Ku band, the two proposals by themselves prove that a distinction between fixed and mobile/moving UE does not make sense.  We are ok with this requirement if amended to apply to NTN VSAT UE in general (single type covering both fixed and moving/mobile).
Proposal 6: Can be ok depending on the underlying assumptions – no strong view at this point.  We still need to define on/off-axis EIRP requirements and RRM requirements.
Proposal 7: Ok in principle but need to check if this is aligned with Regulatory requirements – could more context be captured for the proposal?  
Proposal 9: These assumption are valid only for specific underlying scenarios, we need to clarify which are the underlying assumptions that make these valid.  For now, we disagree with the first 2 bullet points.





Sub-topic 3-1
	Company
	Comments

	Company ASamsung
	We are OK to have this as informative and don’t need agreement.
We understand that this should be based on the parabolic UE. We would like to seek information that is this figure can also apply to phased-array UE in general?

	Company BEricsson
	This could be used as a high level  architecture for NTN UE with dish antenna. Agree with Samsung comment, it would be good to confirm this could also be used as reference for phased array.

	Huawei
	I guess this is a high level architecture and may omit some details and information. But I’m not sure whether separate Tx/Rx antennas can be considered instead of combining Tx/Rx antenna by duplexer for Ka band. The Tx/Rx separation is about 10GHz, so one combined Tx/Rx antenna can’t provide enough antenna for 17GHz and 27GHz simultaneously.

	THALES
	It can be used as reference for both parabolic and phased array (and also hybrid architectures).

	ZTE
	Tend to agree with Samsung and Ericsson, more clarification from Thales are needed.

	Qualcomm
	This is a good start, but many more details are needed to the same level of understanding as for a terrestrial UE.

	Hughes/EchoStar
	Agreed with Thales and Qualcomm

	Inmarsat
	Agree with Thales that this can apply to either parabolic or phased array, but also with other observations that further details need to be included.

	Intel
	Agree with previous comments, this is a good reference architecture to have as baseline, but additional aspects need to be discussed



Sub-topic 3-2
	Company
	Comments

	Company ASamsung
	We tends to agree with Proposal 6 that different scenarios have different regulatory requirements, which could be transformed into the different power levels. Also, for aircraft ESIM, the power difference may be different according to its use cases, i.e. the flying altitudes. We see that the regulatory requirements for different altitude could be different.

	Company BEricsson
	We don’t agree with proposal 1, some of the listed scenarios have regulatory power limits.
For proposal 3, this might be acceptable only if RAN4 also agrees to specify on-axis spurius and off-axis EIRP density limit.
Proposal 6 might be related to the UE type discussion. We can’t agree at this stage to consider only one power class that will fit all NTN UEs, this could be rediscuss later when we have a better view of all requirements and their applicability.

	Huawei
	I think I have the similar view with ZTE. Proposal 3 seems reasonable, but wording should be improved.

	THALES
	Proposal 6, this is the most logical assumption for the time being.

	ZTE
	For the proposal 6, it’s related with previous discussion, for sub-topic 3-2, it is better to focus on the elements to be discussed under the power class;
EIRP limit?
TRP limit?
Spherical coverage requirement?

	Nokia
	This is considered a UE hence shall adhere to e.g. regulatory power limits. Different power-classes or at least limits per UE/deployment-Type.

	Qualcomm
	We don’t fully agree with a declaration approach for the maximum output power (EIRP) for the UE.  There should be a minimum EIRP to ensure that the uplink can reach the satellite.  The maximum may be limited by regulations.
Spherical coverage may also be needed for scan and the ability to steer a beam in any direction within a hemisphere for example.  
Using UE power to differentiate UE types is probably not the best approach as there are many facets (for example, tracking ability) that have nothing to do with output power.

	Hughes/EchoStar
	Proposal 6 provides a fair rationale.

	Inmarsat
	Proposal 1: This leaves too much room.  For Maximum EIRP, potentially yes, but then we need to still study any signalling required as per Proposal 3.  We also somewhat agree with Qualcomm that for performance requirements, we should establish some minimum EIRP at least for GEO (worst).
Proposal 2. 4: Probably ok.
Proposal 5: This is not a good distinction in our view.
Proposal 6: Agree on the first part.  For second part, maybe to ease things, one or up to two NTN UE power classes can be specified in Rel-18 as a starting point.

	Intel
	The power class can capture performance parameters and relevant regulatory requirements. The performance parameters define the minimum performance needed.
To begin with, we should agree which performance requirements will be defined.



Sub-topic 3-3
	Company
	Comments

	Company ASamsung
	This issue should include the options and issues from [311] as agreed in BSRF GTW. And then we further discuss it.

	Company B Ericsson
	We don’t agree with proposal 3, this would be incomplete, ignoring some regulatory input.

	Huawei
	Thanks for Ericsson’s proposals. I think it’s a good starting point to specify the requirements for NTN UE.

	THALES
	Proposal 3 is still fine, since RAN4 work is based on coexistence analysis. Proposal 3 refers only to RAN4 work. Off-axis requirement can directly use/cite regulations.

	ZTE
	We also disagree with proposal 3 just ignoring the regulatory inputs.

	Nokia
	Regulatory requirements needs to be reflected by the specification.

	Qualcomm
	We believe the baseline should include both on-axis and off-axis power for both on channel and off channel spurious.  If this proves to be impossible to specify, we can reconsider later but we shouldn’t disregard it now since this is an important parameter that appears frequently in regulations.

	Hughes/EchoStar
	Support Proposal 3

	Inmarsat
	We agree that at least off-axis EIRP requirements are required to meet general regulations. FFS on the rest.


	
Sub-topic 3-4
	Company
	Comments

	Company SamsungA
	The power flux density requirements are defined in ITU-R regulations, which we agree the NTN UE should obey. We are not sure how to transform this into the 3GPP specifications, should we simply say that the pfd requirements can be referenced to ITU-R Recommendation XXX or Radio Regulation Resolutions YYY?

	Company BEricsson
	We agree with Samsung this is a new type of requirement for RAN4 but RAN4 should still further study it. If not, it would be difficult for RAN4 to claim that RAN4 specifications cover the minimum characteristics and minimum performance of NTN UEs.

	THALES
	This is normally not part of 3GPP work. Is ITU-R work.

	Huawei
	As the power flux density requirements are new for RAN4, better to check whether it can be tested directly. If so, maybe we don’t transform it. If not, we need to consider how to transform this into the 3GPP specifications considering feasible test solution.

	ZTE
	Open for PFD discussion, it’s better to capture such kind of requirement for it, however even for FR1, this requirement seems also missing currently

	Qualcomm
	Insofar as regulations limit the PFD, it can be captured in 3GPP.  This might be under NS if it is country-specific.

	Inmarsat
	If it’s UL PFD, the PFD requirements are defined to specify the power received by the satellite (on-axis) and outside (off-axis).  We first need to clarify further what this proposal aims to achieve. Right now it’s not clear.  At which point in space does PFD need to be met?

	Intel
	We suggest discussing which regulatory limits need to be captured



Sub-topic 3-5
	Company
	Comments

	Company ASamsung
	We support the NCMC to be considered so that the ESIM(NTN UE) transmission can be terminated or reduce power to stop interfering other systems, according to the regulation.

	Company BEricsson
	We support proposal 1 and 2
Proposal 3 would need some clarification, what’s the intention with this proposal? 

	THALES
	All options seem to be fine.. we can try to combine them together.

	Huawei
	If network need to signal something to disable NTN UE UL transmission, there should be some impacts on RAN2.

	ZTE
	We support the option 1, even for proposal 2, we still follow the regulation, right?

	Nokia
	We believe this is related to the discussion in thread 309 Sub-topic 1-5 (Issue 1-5-3)
The spirit of the proposals is in the direction we wanted to discuss with our proposals in thread 309.

	Qualcomm
	Self monitoring sounds good in concept and it sounds nice to include in a specification, but it would be very difficult to actually design for.  For example, self monitoring of off-axis transmission would require the UE to implement a detector of some sort to be used for feedback.  It’s not obvious to me how this would be done, especially in a live mode of operation.  Many of the regulations also state self monitoring capability as a declaration (also not clear to me exactly what is declared); if so, then standardizing it does not make sense.

	Inmarsat
	We are ok with all proposals, we will need to discuss how to implement self-monitoring.
Proposal 3 aims to address frequency channel usage restrictions (if any and when applicable).  We think it’s a reasonable approach.



Sub-topic 3-6
	Company
	Comments

	Samsung
	This seems to have a GTW agreement in [311], shall we follow the agreement there?

	THALES
	2.1 dB (equivalent NF) seems to be a good assumption for VSAT-type UE (NTN UE above 10 GHz)

	Huawei
	2.1dB is not acceptable. It’s even better than FR1 BS NF. We need detailed RF analysis before picking one value, LNA materials, technical manufacturing, Rx power consumption and Rx RF chain linearity performance.

	ZTE
	Please see the agreement reached in BS RF session.

	Hughes/EchoStar
	Equivalent NF of 2.1 is reasonable value for NTN UE 

	Inmarsat
	2.1 dB equivalent NF is an acceptable compromise. We encourage companies that want a worse value to do some research by looking at some VSAT LNB spec sheets in the market.



Sub-topic 3-7
	Company
	Comments

	Samsung
	We tends to agree with the proposal.

	Ericsson
	Some topics (e.g. MPR) are related to conclusions of above issues, we can’t agree with this table for the time being.

	THALES
	Seems fine if is mentioning that some parameters are outcome of coexistence work & updated with respect to at least subtopic 3-5, 3-3 and 2-1.

	Huawei
	Share the similar with Ericsson.

	ZTE
	This is initial proposal and we are open for further discussions.

	Qualcomm
	Has there been any evidence provided to justify the numbers in these tables, or are they theoretical excel numbers?  Are they practically achievable and under what assumptions?  Or are they backwards calculated based on what is needed to meet the SNR targets?

	Inmarsat
	We are ok as a starting point but agree with Thales.

	Intel
	Further discussion is needed



Summary for 1st round 
Open issues 
Moderator tries to summarize discussion status for 1st round, list all the identified open issues and tentative agreements or candidate options and suggestion for 2nd round i.e. WF assignment.
	
	Status summary 

	Issue 1-1: UE types

	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.
  

	Issue 2-1:  Beam tracking capability

	Current status:
Based on the discussion so far, it seems no companies have concerns on the following ETSI requirements, from moderator perspective, we propose to mark it as tentative agreement and further discuss other beam tracking requirement.
Tentative agreement:
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”;
· 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”).
Recommended discussion in 2nd round:
RF architecture for beam tracking if possible which might be useful for RRM discussion at least from RF feasibility perspective.
E.g. fro VSAT with two parabolic antenna to track multiple satellite;
E.g. for VSAT with phase antenna array, single phase antenna array could track multiple satellite. 
E.g. beam sweeping capability


	Issue 3-1: NTN UE reference architecture for above 10GHz

	Current status:
The Thales confirm that reference UE architecture could be used for both phase antenna array and parabolic NTN UE,  however Huawei still have some concerns for it.  Other companies are also asking for more details for the help of further UE RF discussion.
Recommended discussion in 2nd round:
Encourage more discussion in 2nd round and especially more details clarifications on its implementation maybe.


	
	

	Issue 3-2: Power class related requirement

	Current status:
The discussion is still quite diverging, please continue the discussion in 2nd round:
Recommended discussion in 2nd round:
· Power class definition for NTN UE (e.g. TRP, EIRP, spherical coverage etc)
· Whether any specific value to be defined or up to declaration as ATG UE. 
· How many power class are supposed to be supported?


	 Issue 3-3: Off-axis and On-axis for NTN UE

	Current status:
Most companies support to define the off-axis and On-axis requirement since this is coming from regulatory requirement, however THALES Hughes/EchoStar have slightly different understanding.  From Thales perspective, Off-axis requirement could refer to regulatory requirement.  Then it seems companies’s view on off-axis requirement are aligned at least.
Recommended discussion in 2nd round:
· To further discuss the off-axis requirement .e.g. refer to the regulatory requirement directly?
· For on-axis requirement, further discuss in 2nd round. 



	 Issue 3-4: Power Flux density for NTN UE

	Current status:
Most companies are asking further clarifications on the PFD and further study it.
Recommended discussion in 2nd round:
Further discuss the PFD  especially from the specific requirement directly.


	 Issue 3-5: Additional features for NTN UE

	Current status:
In general, lots of companies are fine with proposal 1 and proposal 2, however how to implement the proposal 1 and proposal 2 still need more discussions. 
Recommended discussion in 2nd round:
Further discuss the implementation for these two features if possible

	 Issue 3-6: Noise figure related requirements

	Current status:
Most of satellite campus are fine with 2.1dB as noise figure, however Huawei still have some concerns for it.
Recommended discussion in 2nd round:
Further discuss whether 2.1dB could be baseline.

	 Issue 3-7: Other related requirements
	Current status:
It might be premature to discuss the rest of RF requirement listed in issue 3-7.  




Companies views’ collection for 2nd round 
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Recommendations for Tdocs
1st round 
New tdocs
	New Tdoc number
	Title
	Source
	Comments

	
	WF on …
	YYY
	

	
	LS on …
	ZZZ
	To: RAN_X; Cc: RAN_Y

	
	WF on NTN UE RF requirement in Ka-band 
	ZTE
	



All discussion paper should be noted.
Existing tdocs
	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics incl. existing and new tdocs.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) For new LS documents, please include information on To/Cc WGs in the comments column
4) Do not include hyper-links in the documents

2nd round 

	Tdoc number
	Revised to
	Title
	Source
	Recommendation  
	Comments

	R4-22xxxxx
	
	CR on …
	XXX
	Agreeable, Revised, Merged, Postponed, Not Pursued
	

	R4-22xxxxx
	
	WF on …
	YYY
	Agreeable, Revised, Noted
	

	R4-22xxxxx
	
	LS on …
	ZZZ
	Agreeable, Revised, Noted
	

	
	
	
	
	
	



Notes:
1) Please include the summary of recommendations for all tdocs across all sub-topics.
2) For the Recommendation column please include one of the following: 
a. CRs/TPs: Agreeable, Revised, Merged, Postponed, Not Pursued
b. Other documents: Agreeable, Revised, Noted
3) Do not include hyper-links in the documents
Annex 
Contact information
	Company
	Name
	Email address

	
	
	



Note:
3) Please add your contact information in above table once you make comments on this email thread. 
4) If multiple delegates from the same company make comments on single email thread, please add you name as suffix after company name when make comments i.e. Company A (XX, XX)

image1.png
Radiated
Requirements
Interface

Antenna

UE Modem -

L3/L2/L1 Control Data




image2.png
Mobility perspective Implementation perspective
i
i
i Parabolic

Fixed NTN UE Ié Phase array

T
|
|
i Parabolic

Mobile NTN UE Ié Phase array





