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1	Introduction
In RAN#94-e, a new WID IoT NTN enhancements [1] was agreed, and one of the objectives is about discontinuous coverage as following: 
	4.1.3	Further enhancement to discontinuous coverage
-	Study and specify, if needed, mobility management enhancements and power saving enhancements for discontinuous coverage, taking into account the conclusions from the SA2 study FS_5GSAT_Ph2.  [RAN2, RAN3].



This contribution will discuss the potential impacts on RAN of the SA2 study and potential enhancements on connected mode.
2 Discussion
In Rel-17, RAN2 has agreed that the UE can determine when it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in SIB32). When the UE is out of coverage, the UE is not required to perform any cell search and may deactivate its AS functions to optimize the power consumption. The remaining UE behaviour is left to UE implementation. 
In Rel-17, SA2 has agreed that only DRX is supported in the discontinuous coverage, the eDRX and PSM are not supported.
2.1	Discussion on the impacts of SA2 solution
In Rel-18, SA2 is studying on mobility management enhancement with discontinuous satellite coverage (Key Issue#1) and power saving enhancement for UE in discontinuous coverage (Key Issue#2) and has captured sixteen potential solutions in TR 23.700-28 [2]. 
For Key Issue#1:
There are eleven potential solutions for key issue#1, and seven solutions have impacts on RAN and/or UE. In general, the impacts is mainly reflected in the following aspects:
1) The UE can report the predicted coverage info and its mobility info, such as when/where the UE expects/believes to return the coverage, or UE mobility pattern (e.g. fixed or mobile, predictable or unpredictable trajectory), etc.
2) CN may configure the leaving coverage indication to the UE which indicates that the UE shall notify the network when it is leaving network coverage.
3) CN may configure a delay/wait timer (e.g. fixed or random value) to the UE, the UE will perform Registration/Attach procedure when the timer expires, or there is UL data to be sent when the timer is running, the UE can perform service request procedure. The delay/wait timer can be used to delay the UE re-accessing to the network and also reduce the signaling storm issue.
4) The UE detects it's about to leave from the current satellite access coverage and other available access based on the ephemeris information, and provides measurements about available accesses to RAN. RAN determines whether to perform inter-RAT handover for the UE to minimize the discontinuous coverage.
5) RAN provides the TA where the UE is geographically located if this TA can be determined and the coverage information (e.g. ephemeris data) to the AMF, and AMF pages the UE based on the information.
6) The UE determines if it can remain in no service or it can trigger registration on alternate RAT or PLMN to receive normal services based on the DisCoNoserviceapplicability parameter configured by CN.
Based on the above analysis, the enhancements on mobility management have some impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.
Proposal 1: The SA2 solutions on mobility management have some impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.

For Key Issue#2：
There are ten potential solutions for key issue#2, and eight solutions have impacts on RAN and/or UE. In general, the impacts is mainly reflected in the following aspects:
1) The UE predicts the discontinuous coverage info using ephemeris parameters and coverage parameters, and optionally determines Active Time, Periodic TAU Timer values and eDRX parameters based on coverage info, and requests the timer values in TAU/Attach/Registration procedure, and may indicate the UE location info to the network.
a) If CN is not aware of the satellite assistance information, the CN can honour the UE requested Active Time value (for MICO and PSM), Periodic TAU Timer value (for PSM) and eDRX parameters (for eDRX). There is no impacts on specs and is up to UE implementation and network implementation.
b) If CN is aware of the satellite assistance information, the CN can configure suitable timer values or parameters to the UE based on its own prediction and request of the UE. In this case, RAN needs to send the satellite assistance information to CN for prediction of coverage info.
c) If CN is aware of the satellite assistance information, the CN may configure directly the power saving parameters based on its own prediction using the satellite assistance information and UE location info. In this case, the UE is not needed to request the power saving parameters values.
d) The UE should follow the power saving parameters received from the CN and enter into PSM/MICO/eDRX mode during discontinuous coverage.
2) The RAN node may trigger AN release procedure based on the prediction of coverage info or if it receives the release request from the UE or the CN to move the UE into idle mode before entering the discontinuous coverage. 
Anyhow, the network can configure suitable power saving parameters to the UE based on the network prediction and/or UE request, to reduce the UE power consumption and avoid paging the UE when it is out of coverage. Ideally, the configured parameters should match the discontinuous coverage info to minimize the power consumption of the UE and signaling overhead of the network. 
For example, the network configures suitable Periodic TAU Timer (T3412) value for PSM including the idle duration and discontinuous coverage duration as indicated in Figure 2.1-1, so the UE can trigger TAU procedure when it enters into coverage again, the CN and the UE can also be synchronized on duration where the UE is reachable for paging.
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Figure 2.1-1: An example for PSM with discontinuous coverage
Another example, the network can configure the eDRX cycle and Paging Time Window (PTW) based on the satellite ephemeris, and may configure aperiodic cycle or different PTW for different satellite considering that the satellite coverage window is discontinuous and unevenly distributed, as indicated in Figure 2.1-2.
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Figure 2.2-2: An example for eDRX with discontinuous coverage
Based on the above analysis, the enhancements on power saving mode (e.g. PSM, eDRX) can be achieved by CN and have minor impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.
Proposal 2: The enhancements on power saving mode (e.g. PSM, eDRX) have minor impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.

2.2	Discussion on enhancement for connected mode 
In Rel-17 discussion, some companies have proposed the potential enhancements for connected mode. We think that the enhancements on RRC release and reestablishment procedure may be considered to support the discontinuous coverage in IoT-NTN.
For enhancements on RRC release procedure: 
RAN can release the UE before it is out of coverage based on the prediction of discontinuous coverage or UE request. In addition, some assistance information may be considered to provide to the UE, such as the new cell information or the arrival time of the next satellite. The UE can quickly recovery after returning the satellite coverage based on the assistance information.
Proposal 3: RRC release procedure can be enhanced to support the discontinuous coverage, for example, RAN can release the UE before discontinuous coverage and provide the new cell information to the UE for quick recovery.
For enhancements on RRC reestablishment procedure: 
If the UE detects RLF but it is going into discontinuous coverage, the UE can skip the cell selection, enter into idle mode directly and perform the actions in discontinuous coverage. After discontinuous coverage, the UE can trigger the RRC reestablishment procedure. 
Proposal 4: RRC reestablishment procedure can be enhanced to support the discontinuous coverage, for example, the UE can skip the cell selection and enter into idle mode directly to save power consumption.

3	Conclusion
Here are the proposals for discontinuous coverage for IoT-NTN.
Proposal 1: The SA2 solutions on mobility management have some impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.
Proposal 2: The enhancements on power saving mode (e.g. PSM, eDRX) have minor impacts on the UE and RAN, and the details can be further discussed based on the SA2 agreement that which solution is adopted.
Proposal 3: RRC release procedure can be enhanced to support the discontinuous coverage, for example, RAN can release the UE before discontinuous coverage and provide the new cell information to the UE for quick recovery.
Proposal 4: RRC reestablishment procedure can be enhanced to support the discontinuous coverage, for example, the UE can skip the cell selection and enter into idle mode directly to save power consumption.
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