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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.
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2.1. RF requirement
2.1.1. Off-axis and On-axis requirements
In the last RAN4 meeting, there are some initial discussions on off-axis and on-axis related requirement which is coming from the existing regulation. From our understanding, this kind of regulatory requirement should be also considered for NTN VSAT in 3GPP.
Proposal 1: to consider the Off-axis and On-axis EIRP and spurious emission requirement in EN 303 978 and 303 979.
2.1.3. Tx power related requirements
First of all, 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. 
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Figure 1. The required EIRP for the User Spot 11 L beam is available on Inmarsat 5-F3 at 179.6°E [12]
In addition, based on EN 303 978, the EIRP limit for NTN VSAT could based on declaration, therefore from 3GPP perspective, it should be also reasonable to use the declared approach.
Proposal 2: for EIRP of NTN VSAT, propose to use the declaration approach and FFS of any signalling to network.

	Under operational conditions an ESOMP may dynamically change the occupied bandwidth and other transmission 
parameters (e.g. FEC, modulation, symbol rate) of the transmitted signal. For each declared occupied bandwidth an 
EIRPmax and a nominated bandwidth shall be declared by the applicant. For the purposes of verifying that the ESOMP 
complies with these specifications, the applicant may declare the worst case combination of transmission parameters. 
The following specifications apply to the ESOMP for each occupied bandwidth and other transmission parameters. 
In the present document, ESOMPs that use OFDM modulation shall be considered as transmitting a single carrier. 



Another question is whether we need to define the spherical coverage requirement for NTN VSAT or ESIM. From our understanding, it might be not needed anymore since EIRP is up to the vendor declaration. For each device, there might be different radiation pattern and different spherical coverage performance. In addition, if there are no regulation upper limit for NTN VSAT, it might be also not necessary to the NTN VSAT maximum output power limits.
In addition, based on the following antenna pattern for NTN VSAT as shown in Figure 1, it could be easily found that HPBW is quite narrow to ensure the sufficient antenna gain for the connection in Ka-band. In addition, in the following figure 2, it could also found that if we consider antenna gain off the peak e.g. 50% antenna gain, it could drop less than -18dBc which will cause the serve link connection problems since its achievable SINR is also relatively poor compared with TN bands. 


[image: ]
Figure 1. antenna pattern for NTN ESIM or VSAT based on 60cm diameter assumption
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Figure 2. cdf of antenna gain for NTN ESIM or VSAT based on 60cm diameter assumption
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Figure 3. achieved DL SINR based on the simulation assumption with FRF=1 [with large FRF, the achieved SINR is expected to be a bit higher]
Proposal 3: propose not to consider the spherical coverage requirement for NTN VSAT or ESIM.

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.
In last RAN4 meeting, there were some discussions on the mechanical and electronic steering, based on the experience in the past for FR2 TN UEs, its expected beam steering speed should be around 200ns. If NTN VSAT is capable as FR2 TN BS, then it analog beam steering capability should be around 100ns at least. 
In addition, for VSAT with parabolic antenna, the expected mechanical steering capability should be around 1.5 seconds [23].
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Observation 1a: the expected mechanical steering capability is around 1.5 seconds.
Observation 1b: the electronic steering capability is around 100-20ns.
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
	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.



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: to consider the Off-axis and On-axis EIRP and spurious emission requirement in EN 303 978 and 303 979.
Proposal 2: for EIRP of NTN VSAT, propose to use the declaration approach and FFS of any signalling to network.
Proposal 3: propose not to consider the spherical coverage requirement for NTN VSAT or ESIM.
Observation 1a: the expected mechanical steering capability is around 1.5 seconds.
Observation 1b: the electronic steering capability is around 100-20ns.
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