[bookmark: OLE_LINK146][bookmark: OLE_LINK147][bookmark: OLE_LINK9][bookmark: OLE_LINK41][bookmark: OLE_LINK40][bookmark: _Ref399006623][bookmark: _Toc92513360][bookmark: _GoBack]3GPP TSG-RAN WG4 Meeting #105                                R4-2219631
Toulouse, France, 14 November– 18 November, 2022

Source: 	Huawei, HiSilicon
Title: 	Discussion on Ka band NTN UE
Agenda Item:	8.23.4
Document for:	Approval
Introduction
In RAN4#104bis-e meeting, a WF [1] on NTN UE RF requirement in Ka-band was approved with the following open issue for further discussion. 
Agreement
	Sub-topic #1-1 power class and UE types for VSAT UE
	Issue 1-1-1: power class


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

Issue 1-1-2: UE type
Agreement:

· Handheld smartphone type devices are out of scope for above 10 GHz NTN bands.



	Sub-topic #1-2 Beam correspondence
	Issue 1-2-1 Beam correspondence 
Way forward:
· FFS on Beam correspondence requirements in terms of DL measurements to select UL beams are suitable or not for NTN FDD bands above 10 GHz




Open issues
	Sub-topic #1-1 power class and UE types for VSAT UE
	Issue 1-1-1: power class
Recommendations for 2nd round:
Further clarification on VSAT and ESIM is needed which is also under the discussion in thread 312 and 313;

	Sub-topic #1-3 implementation assumption for NTN VSAT UE
	Issue 1-3-1:   Antenna assumptions
Based on the received comments so far, it seems that both phase array antenna and parabolic antenna should be needed.

Recommendations for 2nd round:
Further discuss whether 2 antenna assumption should be considered in Rel-18 or prioritize one of two considering the workload.

Issue 1-3-2:  RF filtering
Only Qualcomm provide the comments on it and propose to have no RF filtering, more inputs from other vendors are needed. Inputs from other vendors are needed. From the moderator perspective, this could be reflected in RF requirement at the end.

Recommendations for 2nd round:
Encourage the inputs from other vendors 

Issue 1-3-3:  IF conversion
.Similar as RF filterring, only Qualcomm provide the comments on it and propose to have the same assumption as FR2 UE. Inputs from other vendors are needed.

Recommendations for 2nd round:
Encourage the inputs from other vendors 


	Sub-topic #1-4 
Other RF requirements for NTN UE in Ka-band
	Issue 1-4:  other RF requirements for NTN UE in Ka-band
Based on the comments received so far, it might be premature to agree too specific requirement for NTN UE yet and more high level agreement on the UE types and assumptions are needed, however companies also agree that option 1 might be good starting point.
Recommendations for 2nd round:
No further discussion in 2nd round on the specific requirement for NTN UE in Ka-band.




In this paper, we’d like to discuss these open issues and share our views.
Discussion on UE types
In last meeting, although handheld smartphone type is excluded for above 10 GHz NTN bands in R18, it’s unclear which type of terminal is the first priority. As both ESIM and VSAT are used in current NTN discussion, it’s proposed specify a unified term for future 3GPP standardization work to avoid some confusion.
Proposal 1: it’s proposed specify a unified term for future 3GPP standardization work to avoid some confusion.
			Option 1: ESIM - Earth Stations In Motion
			Option 2: VSAT - Very Small Aperture Terminal
Referring to ITU Satellite issues [2]: ESIM is Earth Stations In Motion which is used to “address a complex challenge – how to provide reliable and high-bandwidth connectivity to what are – literally – moving targets. They provide broadband communications, including Internet services, on platforms in motion. There are currently three types of ESIMs: ESIM on board aircraft (aeronautical ESIM), ESIM on board ships (maritime ESIM) and ESIM on board land vehicles (land ESIM).” As ESIM has a clear definition and regulation in ITU, we prefer to use “Option 1: ESIM: Earth Stations In Motion” as a unified term for future 3GPP standardization work.
Proposal 2: As ESIM has a clear definition and regulation in ITU, we prefer to use “Option 1: ESIM - Earth Stations In Motion” as a unified term for future 3GPP standardization work.
Currently, three types of ESIMs (A-ESIM, M-ESIM and L-ESIM) are defined in ITU. However, considering the huge workloads, it’s proposed to consider L-ESIM as first priority in R18. A-ESIM and L-ESIM can be discussed after completion of L-ESIM.
Proposal 3: Considering the huge workloads, it’s proposed to consider L-ESIM as first priority in R18. A-ESIM and L-ESIM can be discussed after completion of L-ESIM.
Dish antenna VS phased array antenna
In last meeting, companies proposed two kinds of antenna at least, i.e. dish antenna and phased array antenna. Dish antennas [3] are classified by the type of feed, that is, how the radio waves are supplied to the antenna:
· Axial, prime focus, or front feed – This is the most common type of feed, with the feed antenna located in front of the dish at the focus, on the beam axis, pointed back toward the dish. A disadvantage of this type is that the feed and its supports block some of the beam, which limits the aperture efficiency to only 55–60%.[3]
· Off-axis or offset feed – The reflector is an asymmetrical segment of a paraboloid, so the focus, and the feed antenna, are located to one side of the dish. The purpose of this design is to move the feed structure out of the beam path, so it does not block the beam. It is widely used in home satellite television dishes, which are small enough that the feed structure would otherwise block a significant percentage of the signal. Offset feed can also be used in multiple reflector designs such as the Cassegrain and Gregorian, below.
· Cassegrain – In a Cassegrain antenna, the feed is located on or behind the dish, and radiates forward, illuminating a convex hyperboloidal secondary reflector at the focus of the dish. The radio waves from the feed reflect back off the secondary reflector to the dish, which reflects them forward again, forming the outgoing beam. An advantage of this configuration is that the feed, with its waveguides and "front end" electronics does not have to be suspended in front of the dish, so it is used for antennas with complicated or bulky feeds, such as large satellite communication antennas and radio telescopes. Aperture efficiency is on the order of 65–70%[3]
· Gregorian – Similar to the Cassegrain design except that the secondary reflector is concave, (ellipsoidal) in shape. Aperture efficiency over 70% can be achieved.
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Figure 1 Main types of dish antenna feeds.
Since the beam steering capability is mechanical steering for dish antenna, generally it’s used for Medium Earth Orbit or High Earth orbit scenarios due to slower relative velocity between satellites and terminals. For Medium/High Earth Orbit scenarios, terminals don’t need to steer the beam frequently and can easily track the satellite. In addition, dish antenna can achieve a larger antenna gain and compensate the path loss for Medium Earth Orbit or High Earth orbit scenarios.
Observation 1: generally dish antennas are suitable to Medium Earth Orbit or High Earth orbit (GSO) scenarios and can achieve a good antenna gain to compensate the larger path loss.
Phased array antennas are widely used in Ka band and current FR2 specifications are based on the assumption of phased array antennas for both BS and UE. Since Phased array antennas can quickly steer the beam and track the fast moving LEO satellite, phased array antennas are more suitable to Low Earth Orbit scenarios.
Observation 2: phased array antennas are more suitable to Low Earth Orbit scenarios.
Since the implementations are different between dish antennas and phased array antennas, the framework of RF requirements are different. Besides, these two kinds of antennas may be suitable to different scenarios, so it’s up to how satellite operators design and arrange their constellations and which scenarios are the first priority. Considering the huge workloads and limited TU in R18, we can only choose one type of these antennas as the first priority.
Proposal 4: if LEO scenario is the first priority, it’s recommended to assume phased array antennas in R18. If MEO/GSO scenarios are the first priorities, it’s recommended to assume dish antennas in R18.
RF requirements
1) IF conversion
Since the Ka band is located in 17GHz ~ 30GHz range, it’s very hard for UE to implement zero-IF framework. Thus, IF conversion stage could be assumed in Ka band NTN terminal. However, the specific details, e.g. exact frequency of the IF and single/multiple IF stages, can be left to implementation. The impacts to the specifications can be further discussed and identify whether some factors / requirements are different from FR2 UE.
Observation 3: IF conversion stage could be assumed in Ka band NTN terminal. The specific details, e.g. exact frequency of the IF and single/multiple IF stages, can be left to implementation.
2) Power class
[image: ]
Figure 2 Normal direction beam and slant beam
For a phased array antenna, the peak EIRP are different for different beam direction. For example, the maximum peak EIRP can be achieved in Normal direction. The peak EIRP of slant beam is lower than the normal direction as shown in figure 2.
The maximum EIRP in normal direction should depend on the specific deployed scenarios. Different earth orbit may need different values of maximum EIRP in normal direction based on link budget and capability demands. Thus, only one kind of power class is not enough.
Observation 4: The maximum peak EIRP in normal direction should depend on the specific deployed scenarios. Different earth orbit may need different values of maximum EIRP in normal direction based on link budget and capability demands. Thus, only one kind of power class is not enough for NTN terminals.
In addition, the delta value between maximum peak EIRP in normal direction and minimum peak EIRP in slant beam depends on the maximum angle of beam steering and direction pattern of antenna element. And the maximum angle of beam steering need to consider the density of satellite in the sky. 
Observation 5: the delta value between maximum peak EIRP in normal direction and minimum peak EIRP in slant beam depends on the maximum angle of beam steering and direction pattern of antenna element.
3) Spherical coverage
For Ka band NTN terminals, narrow beam can be observed for the real implementation in order to achieve higher antenna gain. Thus, it may be meaningless to specify spherical coverage for Ka band NTN terminals.
Observation 6: it is meaningless to specify spherical coverage for Ka band NTN terminals since narrow beam is implemented to achieve higher antenna gain.
Based on the analysis above, the framework of power class for FR2 UE is different from Ka band NTN terminals. It’s proposed to develop a new sets of output power/EIRP/TRP requirements for Ka band NTN terminals.
Proposal 5: It’s proposed to develop a new sets of output power/EIRP/TRP requirements for Ka band NTN terminals.
4) Beam correspondence
In last meeting, companies proposed that Beam correspondence requirements in terms of DL measurements to select UL beams are not suitable for NTN FDD bands above 10 GHz. However, it’s unclear which solutions are applicable to Ka band NTN terminals for beam correspondence functionality. One potential solution is that UE calculate the relative position between satellite and UE by leveraging ephemeris information and GNSS signals. However, the accuracy of relative position depends on the SNR of GNSS signals and ephemeris information. We still need to develop a backup solution to address the beam correspondence issue when Ka band NTN terminals can’t acquire the accurate GNSS signals and ephemeris information. Selecting UL/DL beams based on the DL measurements is a good solution without considering other factors.
Proposal 6: leveraging ephemeris information and GNSS signals can be a candidate solution for selecting UL/DL beam. However, selecting UL/DL beams based on the DL measurements is still needed for the scenarios that UE can’t acquire the accurate GNSS signals and ephemeris information.
5) Reference sensitivity
For Ka band NTN terminals, the OTA reference sensitivity requirements should be verified with the test metric of EIS. It’s similar to G/T and directional performance of phased array antenna can be included in this requirements. However, what we should consider is the size of antenna array, which will have an impact on the antenna gain. In addition, the required antenna gains are different for different scenarios or earth orbits. Although the harmonized Ka band is a FDD band, around 10GHz Tx-Rx separation can be observed. Thus, the basic question is how much isolation between Tx and Rx can achieve that Tx signal will have no impacts on Rx. Alternatively, it's up to implementation to achieve enough isolation between Tx and Rx antennas.
Proposal 7: The OTA reference sensitivity requirements should be verified with the test metric of EIS. But the required antenna gains are different for different scenarios or earth orbits. It's up to implementation to achieve enough isolation between Tx and Rx antennas, so that Tx signal will have no impacts on Rx.
Summary
Based on the discussion above, the following observations and proposals are listed.
Proposal 1: it’s proposed specify a unified term for future 3GPP standardization work to avoid some confusion.
			Option 1: ESIM - Earth Stations In Motion
			Option 2: VSAT - Very Small Aperture Terminal
Proposal 2: As ESIM has a clear definition and regulation in ITU, we prefer to use “Option 1: ESIM - Earth Stations In Motion” as a unified term for future 3GPP standardization work.
Proposal 3: Considering the huge workloads, it’s proposed to consider L-ESIM as first priority in R18. A-ESIM and L-ESIM can be discussed after completion of L-ESIM.
Observation 1: generally dish antennas are suitable to Medium Earth Orbit or High Earth orbit (GSO) scenarios and can achieve a good antenna gain to compensate the larger path loss.
Observation 2: phased array antennas are more suitable to Low Earth Orbit scenarios.
Proposal 4: if LEO scenario is the first priority, it’s recommended to assume phased array antennas in R18. If MEO/GSO scenarios are the first priorities, it’s recommended to assume dish antennas in R18.
Observation 3: IF conversion stage could be assumed in Ka band NTN terminal. The specific details, e.g. exact frequency of the IF and single/multiple IF stages, can be left to implementation.
Observation 4: The maximum peak EIRP in normal direction should depend on the specific deployed scenarios. Different earth orbit may need different values of maximum EIRP in normal direction based on link budget and capability demands. Thus, only one kind of power class is not enough for NTN terminals.
Observation 5: the delta value between maximum peak EIRP in normal direction and minimum peak EIRP in slant beam depends on the maximum angle of beam steering and direction pattern of antenna element.
Observation 6: it is meaningless to specify spherical coverage for Ka band NTN terminals since narrow beam is implemented to achieve higher antenna gain.
Proposal 5: It’s proposed to develop a new sets of output power/EIRP/TRP requirements for Ka band NTN terminals.
Proposal 6: leveraging ephemeris information and GNSS signals can be a candidate solution for selecting UL/DL beam. However, selecting UL/DL beams based on the DL measurements is still needed for the scenarios that UE can’t acquire the accurate GNSS signals and ephemeris information.
Proposal 7: The OTA reference sensitivity requirements should be verified with the test metric of EIS. But the required antenna gains are different for different scenarios or earth orbits. It's up to implementation to achieve enough isolation between Tx and Rx antennas, so that Tx signal will have no impacts on Rx.
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