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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.
[bookmark: OLE_LINK14][bookmark: OLE_LINK20][bookmark: OLE_LINK10][bookmark: OLE_LINK13]Discussion  
2.1. General
First of all, we think that NTN UE RF requirement could be categorized into the following two directions:
1）NTN related requirement which is mainly referring from the existing regulatory requirement and mainly based on the consideration from satellite coexistence perspective; 
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Figure 1. Illustration on the existing satellite related requirement
2) TN related requirement which is for the protection between NTN and TN network. Basically we only need to define ACLR, SEM and ACS, IBB requirement with the TN network interference taken into account. 
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Figure 2. the categorization of NTN UE RF requirement in Ka-band.
For 1st part, regarding the NTN related requirement for the protection of satellite service itself, we propose to directly reuse the existing requirement without too much comparison or combining for it.  
Proposal 1: for NTN related requirement as shown in Figure 3, propose to directly reuse the existing requirement in reference way in the specification. 
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Figure 3. the detailed requirement for NTN related requirement for protection of satellite service.
For 2nd part, regarding the TN related requirement for the protection of NTN and TN network, all these requirement should follow the coexistence outcome of Ka-band NTN study. 
Proposal 2: for TN related requirement as shown in Figure 4, propose to follow the outcome of Ka-band coexistence study.
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Figure 4. the detailed requirement for TN related requirement for coexistence between NTN and TN.

2.2. The specific RF requirement
2.2.1. 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 5. 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 3: for on-axis EIRP of NTN VSAT, propose to use the declaration approach and FFS of any signalling to network similar as ATG UE maximum rated output power signalling.
	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. 
In addition, as we know that, satellite is supposed to cease its transmission within 100ms if its antenna pointing error of on axis of main beam is larger than 0.5 degree and the allowed antenna pointing error of mobile VSAT should be limited into 0.2 degree. 
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Figure 6. antenna pattern for NTN ESIM or VSAT based on 60cm diameter assumption
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Figure 7. cdf of antenna gain for NTN ESIM or VSAT based on 60cm diameter assumption
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Figure 8. 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 4: propose not to consider the Tx spherical coverage requirement for NTN VSAT or ESIM.
2.2.2. Beam switching related requirement
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 previous 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. 
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Figure 9. the illustration between phase based antenna array and parabolic antenna for VSAT or ESIM
Proposal 5: don’t specify the RF requirement for beam switching delay and take the following information into account for RRM requirement definition;  
· the expected mechanical steering capability is 22 degree/second, 5~6 second for switch back from neighbour cell measurement
· the electronic steering capability is around 100-20ns.
2.2.3. EVM related requirement for NTN UE 
Regarding the EVM requirement for NTN UE, similar as the legacy evaluation approach for other TN UEs, based on the following calibration results for UL SINR in NTN Ka-band, it could be observed that up to 16QAM and 64QAM should be enough. 
Proposal 6: reuse the existing RF requirement with Modulation limited up to 16QAM and optional to support 64QAM.

Figure 10. UL SINR for GEO Urban macro scenario

Figure 11. UL SINR for LEO1200KM Urban macro scenario


Figure 12. UL SINR for LEO600KM Urban macro scenario

2.2.4. EIS requirement
[bookmark: _Hlk528876588]Similar as Tx spherical coverage requriement ,we also believe that EIS spherical coverage is not needed for NTN UE and only peak EIS requirement should be sufficient for it due to the narrow beamwidth.
Proposal 7: propose not to consider the EIS spherical coverage requirement and only consider the peak EIS requirement for NTN VSAT or ESIM;
Proposal 8: to define the EIS requirement for VSAT in the following way, the minimum D is 0.45m or 0.6m
EIS=-174+10*log10(BW)+NF+SINR+IM-G


Conclusions
In this contribution, we want to share some further views on UE RF requirements for NTN in Ka-band.and proposals are made as following:
Proposal 1: for NTN related requirement as shown in Figure 3, propose to directly reuse the existing requirement in reference way in the specification. 
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Proposal 2: for TN related requirement as shown in Figure 4, propose to follow the outcome of Ka-band coexistence study.
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Figure 4. the detailed requirement for TN related requirement for coexistence between NTN and TN.
Proposal 3: for on-axis EIRP of NTN VSAT, propose to use the declaration approach and FFS of any signalling to network similar as ATG UE maximum rated output power signalling.
Proposal 4: propose not to consider the Tx spherical coverage requirement for NTN VSAT or ESIM.
Proposal 5: don’t specify the RF requirement for beam switching delay and take the following information into account for RRM requirement definition;  
· the expected mechanical steering capability is 22 degree/second, 5~6 second for switch back from neighbour cell measurement
· the electronic steering capability is around 100-20ns.
Proposal 6: reuse the existing RF requirement with Modulation limited up to 16QAM and optional to support 64QAM.
Proposal 7: propose not to consider the EIS spherical coverage requirement and only consider the peak EIS requirement for NTN VSAT or ESIM; 
Proposal 8: to define the EIS requirement for VSAT in the following way, the minimum D is [0.45m or 0.6m]
EIS=-174+10*log10(BW)+NF+SINR+IM-G
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