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Introduction
A Rel-18 work item [1] to study and specify enhancements for NTN was agreed with an objective to identify an example band above 10 GHz.  UE RF requirements for Ka band with uplink at approximately 30 GHz and downlink at approximately 20 GHz is considered in this contribution.  A number of questions are posed to stimulate discussion and arrive at a common understanding among the companies participating in this work.
Discussion
The objective in the WID [1] indicates the following assumption for the UE
· Targeted UE types: fixed and mobile VSAT. VSAT UE characteristics from TR38.821 to be considered in priority but additional NTN UE classes may be considered if justified
· Regarding mobile VSAT, three types of terminal and scenario exist; airborne, maritime and land based ESIM. Which type(s) to be specified depends on the outcome of the regulation analysis and co-existence study.

The characteristics found in TR 38.821 [2] for VSAT devices are copied below with yellow highlight on the pertinent information.
Table 6.1.1.1-3: UE characteristics for system level simulations
	Characteristics
	VSAT (Note 2)
	Handheld
	Other (Note 1)

	Frequency band
	Ka band(i.e. 30 GHz UL and 20 GHz DL)
	S band (i.e. 2 GHz)
	Ka band(i.e. 30 GHz UL and 20 GHz DL)

	Antenna type and configuration
	Directional
Section 6.4.1 of [2] with 60 cm equivalent aperture diameter
	(1, 1, 2) with omni-directional antenna element

	Directional
(M,N,P,Mg,Ng) = (TBD,TBD,2,1,1); (dV,dH) = (TBD, TBD)λ with directional antenna element (HPBW=65 deg)

	Polarisation
	circular
	Linear: +/-45°X-pol
	Linear: +/-45°X-pol

	Rx Antenna gain 
	39.7 dBi 
	0 dBi per element
	TBD dBi per element

	Antenna temperature
	150 K
	290 K
	TBD K

	Noise figure
	1.2 dB
	7 dB
	TBD dB

	Tx transmit power
	2 W (33 dBm)
	200 mW (23 dBm)
	[TBD W (TBD dBm)]

	Tx antenna gain
	43.2 dBi
	0 dBi per element
	TBD dBi per element

	NOTE 1:	Moving platforms (e.g., aircrafts, vessels), building mounted devices. These values are provided for information.
NOTE 2:	VSAT terminal characteristics could be implemented with phased array antenna



It is therefore clear that the devices to be studied for NTN bands above 10 GHz are not expected to encompass handheld smartphone form factors.  Handheld devices are not expected to have sufficient transmit power, gain, and noise performance to meet the necessary link budget for NTN.
Observation:  Handheld smartphone type devices are out of scope for above 10 GHz NTN bands.
Antenna
According to the above table, a VSAT is expected to have a directional antenna sized at 60 cm equivalent aperture possibly implemented with a fixed parabolic dish antenna or a phased array antenna.  For a dish antenna, it is expected that the same antenna is used for both uplink and downlink.  However, for a phased array it may not be the case.  One possible benefit of having separate antennas is the additional isolation that can be achieved between Tx and Rx.
Question 1:  Should a common antenna be assumed for Tx and Rx, especially for a phased array antenna?
RF filtering
The assumption so far in FR2 is devices do not implement RF filters.  Due to the number of antenna elements, the number of filters required can be large.  Due to the challenging link budget in FR2, the insertion loss of the filters is prohibitive.  Coexistence even without filtering is less severe due to spatial directivity and pathloss separation.  The FR2 bands have so far only been TDD so isolation between Tx and Rx has not been necessary.  For carrier aggregation, simultaneous Tx/Rx is not assumed so isolation between Tx and Rx between different carriers is not necessary.  However, it is not clear if the same assumption can be carried over for VSAT devices in FR2.  The VSAT devices are larger and can potentially accommodate physically large filters, at least for those with dish antennas.  The NTN bands are FDD so will either require Tx/Rx isolation which is traditionally achieved with RF filtering or half duplex operation.  Moreover, if in the future there is a desire for carrier aggregation with FR1 bands, the upper end of Band n96 or Band n102 is already at 7125 MHz.
Question 2:  Should RF filtering be assumed for VSAT devices?  If so, are example data sheets or specifications available for review?
IF conversion
The assumption for FR2 is devices implement an IF conversion stage.  The exact frequency of the IF is not standardized by 3GPP but left to implementation.  Whether there is a single IF stage or multiple IF stages is also left to implementation.  The impact to the specifications is possibly to LO reporting, IQ image requirements, spurious exceptions, etc.  
Question 3:  Can the same IF assumptions and impact to specification be assumed for VSAT as it is for FR2 UE’s?
Power class
The existing power classes for FR2 bands are shown below
[image: ]
The VSAT UE has strongest resemblance to the existing power class 1 for fixed wireless access.  However, PC1 is still too low power for NTN.  The minimum peak EIRP requirement for PC1 is only 40 dBm in Band n257; on the other hand, the assumption in TR 38.821 is 33 dBm conducted Tx power with 43.2 dBi antenna gain albeit for system simulations not for minimum requirements.  The maximum TRP and EIRP are 35 dBm and 55 dBm, respectively to reflect regulations.
Proposal 1:  Create a new UE power class 8 for “Directional VSAT UE”.  Minimum EIRP, maximum TRP, and maximum EIRP are FFS.
Question 4:  What are the appropriate regulatory requirements for VSAT UE maximum EIRP and TRP?
Spherical coverage
Spherical coverage ensures a UE has a minimum EIRP over at least some specified portion of the sphere over which it is radiating.  A similar requirement exists for EIS on the receive side.  For an FR2 terrestrial cellular network, this is important since the orientation of the UE relative to the basestation is unknown.  For an NTN network, however, spherical coverage may not be as important or needed at all as a UE requirement.  For a VSAT with fixed dish antenna aimed towards a GEO satellite at time of installation, there seems to be little need for spherical coverage.  On the other hand, for a VSAT with phased array acquiring and tracking a LEO satellite rapidly moving across the sky, spherical coverage may become more important.  However, rather than spherical coverage, the more important metric may be tracking ability which is arguably a different but related requirement than spherical coverage.
Question 5:  Is a spherical coverage requirement needed for the VSAT UE?
Beam correspondence
Beam correspondence is the ability of the UE to select a suitable beam for UL transmission based on DL measurements with or without relying on UL beam sweeping.  It is unclear whether a beam correspondence requirement is necessary for FDD bands.  The lack of beam and channel reciprocity between UL and DL and the time delay between the DL reference signal and the UL transmission may destroy any benefit of beam correspondence.  It is expected that the uplink beams are either hardcoded or independently determined without downlink measurements.
Proposal:  Beam correspondence requirements in terms of DL measurements to select UL beams are not suitable for NTN FDD bands above 10 GHz.
ACLR, SEM, and spurious emissions
Many of the other Tx requirements such as ACLR, SEM, and spurious emissions are based on regulations.  Due to the large pointing gain needed for NTN, it might be expected that ACLR is not needed at all if there is no regulation.
Question 6:  What are the regulatory requirements for SEM and spurious emissions?  Is ACLR needed at all for NTN?
Reference sensitivity
All FR2 bands to date have been TDD.  Therefore, there is no self-interference from the uplink into the downlink.  However, the NTN Ka band is FDD so there is potential for self-interference.  The interference can come from either spectral leakage at the transmitter or blocking and IP2 noise in the receiver.  Due to the very large differences in power between the uplink and the downlink, the isolation between Tx and Rx should be at least 50 or 60 dB or better.  As mentioned above, this is typically achieved with RF filtering, i.e., a duplexer.  One benefit of the Ka band is the large frequency separation between uplink and downlink – there is 10 GHz of separation between them.  However, this may not be true for future NTN FR2 bands.  Even with 10 GHz separation, there is still likely to be some means of isolation between Tx and Rx perhaps with separate antennas or separate polarization or RF filtering since the PA’s exhibit a noise floor and the frequency response of the receive chain may extend into the uplink.  
Question 7:  How much isolation can be assumed between uplink and downlink?
In addition to isolation, the noise figure of the receiver must also be understood to derive reference sensitivity.  The TR 38.821 assumes a VSAT noise figure of 1.2 dB.  On the other hand, the TR 38.820 [3] in Table 5.5.1.1-1 reports an expected typical noise figure at 20 GHz of 10 dB.  Since this is a typical noise figure, a worst case noise figure would be even higher.  One might argue that the noise figure is unreasonably high due to an assumption of handheld form factor, but the same report indicates a noise figure at 20 GHz of 9 dB for the basestation which is obviously a larger form factor.  The difference between noise figure of TR 38.821 and that of TR 38.820 most likely lies in the difference in frame of reference.  The noise figure reported in TR 38.821 likely refers only to the LNA while the noise figure reported in TR 38.820 refers to the entire receive chain including front-end insertion loss.  Moreover, the TR 38.821 parameters are only for the purposes of RAN1 system simulations, not RAN4 minimum requirements.  Nonetheless, RAN4 should agree upon the VSAT UE receiver noise figure not including the transmitter noise to derive the reference sensitivity.
Question 8:  What is the expected worst case noise figure of the VSAT receiver?
Conclusion
This contribution considers the UE RF requirements for NTN bands above 10 GHz using the Ka band as an example.  Unfortunately, there are many more questions than answers in this contribution.  Nonetheless, it would be valuable to reach a common understanding among the companies participating in this work to the questions posed.
Observation:  Handheld smartphone type devices are out of scope for above 10 GHz NTN bands.
Question 1:  Should a common antenna be assumed for Tx and Rx, especially for a phased array antenna?
Question 2:  Should RF filtering be assumed for VSAT devices?  If so, are example data sheets or specifications available for review?
Question 3:  Can the same IF assumptions and impact to specification be assumed for VSAT as it is for FR2 UE’s?
Proposal 1:  Create a new UE power class 8 for “Directional VSAT UE”.  Minimum EIRP, maximum TRP, and maximum EIRP are FFS.
Question 4:  What are the appropriate regulatory requirements for VSAT UE maximum EIRP and TRP?
Question 5:  Is a spherical coverage requirement needed for the VSAT UE?
Proposal:  Beam correspondence requirements in terms of DL measurements to select UL beams are not suitable for NTN FDD bands above 10 GHz.
Question 6:  What are the regulatory requirements for SEM and spurious emissions?  Is ACLR needed at all for NTN?
Question 7:  How much isolation can be assumed between uplink and downlink?
Question 8:  What is the expected worst case noise figure of the VSAT receiver?
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Table 6.2.1.0 - 1: Assumption of   UE Types   

UE Power class  UE type  

1  Fixed wireless access (FWA) UE  

2  Vehicular UE  

3  Handheld UE  

4  High power non - handheld UE  

5  Fixed wireless access (FWA) UE  

6  High Speed Train Roof - Mounted UE  

7  RedCap UE  

Note: RedCap variants of non - RedCap UEs are not precluded  

 


