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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
The study on Non-Terrestrial network is on-going in 3GPP, where TR 38.811 [1] and TR38.821 [2] summarized the study progress in technical analysis and technical solutions respectively. However, there is less discussion on NTN UE capability.   
In this contribution, we provide our views on NTN UE functionalities and UE capabilities.
Discussion 
GNSS positioning capability 
In NTN system design, GNSS positioning capability is one important feature with many benefits. If one UE can be able to get accurate location information by GNSS unit, many designs would be simpler and straightforward. In NTN system, there are two challenging points, one is larger cell size, and second is high speed of the non-GEO satellite. They make the performance of synchronization and handover is hard to meet the required target if using legacy NR solutions. In synchronization aspect, if without UE location information, UE is not able to accurately calculate Doppler shift and timing difference. As a result, PRACH has to be re-designed to resist high Doppler shift and larger propagation delay. Without UE location, timing advance information should be informed to UE with very frequent command in LEO case. In the handover aspect, without UE location information, only RRM measurement is hard to track UE moving status in LEO case due to long propagation delay and different channel environment in satellite communication. Even UE location will impact paging function implementation, because the beam is moving and UE tracking area is hard to manage if UE location is not aware by the gNB. Hence, with UE positioning capability, the system design is much simpler and standardization effort becomes smaller. 
Furthermore, in deployed satellite system, the terminal with GNSS positioning capability is one basic assumption, not only the GNSS technology is mature and popular, but also the price and benefit are clear. Since NTN UE is targeted to communicate with a satellite, NTN UE should be able to receive GNSS signal. In this sense, we don’t see the need without GNSS functionality.  
Moreover, though one NR UE is not required to implement GNSS functionality, in reality, any commercial 5G UE are using pilot module to provide navigation service to customers. In the outdoor scenario, receiving the GNSS signal is nature and easy to implement. Therefore, defining one UE without GNSS capability, especially for NTN scenario, it seems unreasonable and unrealistic.
Proposal 1: GNSS positioning capability should be one baseline assumption in NTN system design. 
Ephemeris information processing capability
Ephemeris information is one kind of important information for satellite system, which represents the satellite orbit and moving trace. With accurate ephemeris information, UE is able to calculate the satellite position and predict the satellite trace. Based on ephemeris and UE location, UE can be able to compute the Doppler shift, propagation delay and beam footprint. In terms of how to get the ephemeris information, it could be gotten by the pre-installed service from the operators, or by the network indication, or the third-party software. But UE should be able to process ephemeris information and get other relevant information.
If ephemeris information is out of date, it may incur some problems in the initial access, especially in Doppler shift and TA calculation. Then system design should tolerate certain inaccuracy for ephemeris information. In another aspect, UE should be able to get the latest information after accessing the network. Actually it depends on UE processing capability, since the ephemeris information can be derived by the history information. If one UE owns sufficient processing capability on ephemeris information calculation to maintain ephemeris accuracy, network assistance in ephemeris information indicating could be relaxed. 
Proposal 2: NTN UE should own ephemeris information processing capability. 	

NTN UE mode definition
For NTN UE, for VSAT terminal, UE beamforming gain is quite large, and its size is a bit larger. For handheld UE, its transmission bandwidth would be different from normal NR UE due to poor link budget. Actually there may include other differences, for example, UE location reporting, PRACH format, RRM measurement or paging management etc. Therefore, defining a new UE category or defining a separate UE feature list will be necessary.   
If one UE owns the multi-connectivity functionality, it is better to configure two feature lists for different mode. UE can be able to switch its functionality based on different request. Since the satellite frequency band would be different compared to terrestrial network, separate RF processing would be needed. In baseband processing unit, certain sharing could be possible but latency requirement would be different.  
Proposal 3: Define separate UE category and UE feature list for NTN UE. 

Conclusions
In this contribution we made rough analysis for UE capability, especially for GNSS capability. Considering the popularity of GNSS feature, NTN UE owing GNSS positiong capability should be taken as baseline. Moreover, we discussed the ephemeris information processing capability and UE configurtion with multi-connectiviy functionality.    
In sum, the proposals are as follows: 
Proposal 1: GNSS positioning capability should be one baseline assumption in NTN system design. 
Proposal 2: NTN UE should own ephemeris information processing capability. 	
Proposal 3: Define separate UE category and UE feature list for NTN UE. 
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