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1	Introduction
The study item for Non-terrestrial networks has been concluded in RAN1 and RAN3, with one more meeting for RAN2 finalization. Though extensive studies were conducted at study stage, there are many issues to be further investigated in WI stage due to tight time schedule. 
In view of current situation, we provide our views on NTN WI scoping and focus in Rel-17, trying to address basic NTN scenarios and potential technique issues. 
2	Discussion
One basic motivation of NTN deployment is to extend the coverage of terrestrial network, and further extend the business of cellular network operators. Then delivering eMBB service in NTN network is the first priority at the initial stage of NTN operation. Regarding the IoT service, from the market perspective, it could be attractive, however, the technical solution and application scenarios are not mature. If transplanting the LTE-M and NB IoT into satellite communication, considering different link quality and hostile mobility issue, it might be very risky. Hence, before normal working in standardization, some preliminary study activities would be necessary. If in Rel-17 there is sufficient time to take technical investigation of NTN IoT, a small study item can be considered. If not, we need to postpone NTN IoT to ensure NTN eMBB solution workable in Rel-17. 
Proposal 1: Down-prioritize the NTN IoT activity in Rel-17.

Regarding the NTN scenario, transparent payload should be considered with first priority due to its simplicity. In case of regenerative payload, potential issues may include inter-satellite link communication, satellite to gateway communication, CU and DL splitting etc. In general, the reliability and technical maturity are not clear for regenerative payload case, hence, it needs further study in later release. One big issue for transparent payload is feeder link switching. We need consider realistic deployment options in feeder link configuration. For the feeder link number of one satellite, it depends on cost and reliability. The more feeder links, the more cost and the weaker reliability. In additional, payload weight and processing unit complexity should be carefully evaluated. In order to control the cost and the risk of deployment, many operators may choose only one active receiver or one active feeder link in one time, and then hard link switching should be supported. Though some impacts are not desired from system design perspective, we need respect the operator choose. In WI stage, the specification impact and performance evaluation should be conducted to support hard feeder link switch and soft hard link switch both.

Proposal 2: Support both hard feeder link switch and soft feeder link switch in transparent payload to facilitate network deployment in Rel-17 WI.

For the satellite communication, traditional terminal are often equipped with GNSS units to help positioning and Doppler shift compensation. With the ephemeris and location information, UE is easy to perform timing and frequency compensation. Otherwise, if without GNSS capability, frequent network indication will be needed to help UE to do timing and frequency tracking. Unfortunately, in SI stage, no detailed evaluation was provided on signalling overhead and real synchronization performance. There would be risky to specify the synchronization operation without sufficient performance evaluation on timing/frequency tracking for the UE without GNSS capability.
In LEO case, due to fast beam moving, UE location information can help UE to make smooth handover in much extent. Different from TN network, RRM measurement is not so effective in NTN system, where RSRP or RSRQ varies with less range for cell edge and cell centre. It is possible that the beam is leaving to one new cell before UE gets one valid handover triggering based on RRM measurement. Moreover, location information is also very important to mobility management, even for paging. With location information assistance in network, network can make handover decision simpler and reliable. 
In addition, GNSS functionality is very popular in commercial UE, so it is expected that UE can utilize the GNSS processing unit to get correct location information.

In sum, GNSS capability of UE can provide:
· Accurate timing and frequency compensation to resist larger TA and Doppler shift without significant RACH enhancement
· Reliable handover with less overhead
· Robust link performance based on faster timing and frequency tracking 
· Accurate paging based on UE location 

Therefore, in order to reduce standardization efforts and provide reliable performance, we propose: 

Proposal 3: Prioritize the UE with GNSS capability in Rel-17 NTN WI.

In case of LEO scenario, mobility performance is to be optimized with more attention. If UE is equipped with GNSS module, UE can get location information and report it to gNB. With UE location information, gNB can trigger early handover preparation and RRM measurement. Handover latency and reliability will be improved substantially. Furthermore, in order to reduce handover latency, L1 handover can be considered. In case of orthogonal frequency reuse in beam layer out, one cell may include multiple beams covering different areas, and then beam switching can be executed in physical layer. Using L1 beam switching can reduce switching time significantly, which is targeted to replace the L3 based cell switching. Though there are a large amount of handover optimized schemes, utilizing UE location would be a basis for mobility optimization. 

Proposal 4: Optimize mobility performance by taking into account UE location reporting and L1 beam management in Rel-17 NTN WI.

As presented in TR 38.821 [1], a package of RAN1/2/3 recommendations is provided. However, the contents are not concrete, and technical focus is not very clear. Based on above discussion, we provide our views on the scope of Rel-17 NTN WI.


Proposed Scope of Rel-17 NTN WI 
Based on these discussions, we propose the following areas as the focus of Rel-17 NTN WI:
RAN1 scope
· Timing relationship and UL synchronization enhancements taking into UE GNSS capability
· Specify beam management based on BWP operation 
· Support feeder link switch on physical layer procedures  
· Support HARQ process increasing and HARQ disabling

RAN2 scope
User plane:
· MAC
· Random access procedure by taking into account NTN RTT and UE GNSS capability 
· Timing advance procedure by taking into account UE GNSS capability 
· DRX timer extension  
· Scheduling Request timer extension  
· HARQ enabling and disabling configuration 
· RLC
· Status reporting Extension  
· Sequence Numbers extension  for GEO scenario
· PDCP
· SDU discard timer extension 
· Sequence Numbers extension for GEO scenarios 
Control plane:
· Specify earth fixed tracking area based paging mechanism and consider UE location assistance for paging 
· Specify mobility enhancement mechanism for earth moving beam
· Specify the solutions to support hard feeder link switch and soft feeder link
· Specify additional assistance information for cell selection/reselection (e.g. using UE location information, satellite Ephemeris information)
· Specify the schemes to improve handover robustness due to small signal strength variation in regions of beam overlap
· Specify the schemes to compensate for propagation delay differences in the UE measurement window between cells originating from different satellites, especially for LEO NTN
· Specify the schemes to tackle frequent handover and high handover rate due to satellite movement
· Specify the schemes to reduce service interruption and keep service continuity during Hand-Over

RAN3 scope
· Specify Earth fixed tracking area based paging mechanism and consider UE location assistance for paging.
· Specify the interface impact to support the mobility mechanisms:
· Specify the interface impact to support feeder link switch.
· Specify the interface impact to support service link handover, e.g. schemes to reduce service interruption and keep service continuity during Hand-Over.

3	Conclusion 
In this contribution, we analysed NTN scenarios and technique issues based on NTN study phase, and provided our based on time  
Proposal 1: Down-prioritize the NTN IoT activity in Rel-17.
[bookmark: _GoBack]Proposal 2: Support both hard feeder link switch and soft feeder link switch in transparent payload to facilitate network deployment in Rel-17 WI. 
Proposal 3: Prioritize the UE with GNSS capability in Rel-17 NTN WI.
Proposal 4: Optimize mobility performance by taking into account UE location reporting and L1 beam management in Rel-17 NTN WI. 
Additionally, a proposed WI scope is also provided.
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