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Introduction
In RAN#94-e the WID for Rel-18 IoT NTN was agreed [1] and in RAN#98-e it was updated [2]. The updated objectives of the WID is the following: 
	4.1.1	IoT-NTN Performance Enhancements in Rel-18 to address remaining issues from Rel-17
This work considers Rel-17 IoT-NTN as baseline as well as Rel-17 NR-NTN outcome and the further IoT-NTN performance enhancements objectives are listed below:
-	Disabling of HARQ feedback to mitigate impact of HARQ stalling on UE data rates [RAN1,RAN2]
-	Study and specify needed improved GNSS operations for a new position fix for UE pre-compensation during long connection times and for reduced power consumption. Simultaneous GNSS and NTN NB-IoT/eMTC operation is not assumed. [RAN1, RAN2]
· NOTE: The need for RAN4 Core requirements for this objective will be identified after the conclusion on the need for improvements.

4.1.2	Mobility enhancements
The following mobility enhancements objectives are listed.
-	Support of neighbour cell measurements and corresponding measurement triggering before RLF, using Rel‑17 (TN) NB-IoT, eMTC as a baseline. [RAN2]
-	Support signalling in system information of neighbour cell ephemeris, for eMTC and NB-IoT [RAN2]
-	Re-use the solutions introduced in Rel-17 NR NTN for mobility enhancements for eMTC, with minimum necessary changes to adapt them to eMTC [RAN2]
· Define UE RRM core requirements for the above mobility enhancement features [RAN4].

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].



In this contribution we discuss further enhancements to discontinuous coverage.
Discussion
Discontinuous coverage was introduced for Rel-17 IoT NTN to enable a UE to sleep during periods of no coverage in networks where there are too few satellites to continuously cover the earth. What was specified is to allow the UE to not perform any idle mode Access Stratum actions when the UE has determined that it is out of coverage. For UEs to be able to determine that they are out of coverage a new SIB containing either time stamps and coverage parameters or long-term ephemeris parameters was introduced to allow UE to accurately predict when future coverage will be available. 
SA2 Study
In SA2 Rel-18 there has been work on-going on addressing the discontinuous coverage scenario in FS_5GSAT_Ph2 [3]. This has resulted in the TR [4] that addresses some issues related to discontinuous coverage. 
Some of the key issues surrounding discontinuous coverage are the following: 
· Key Issue #1: Mobility Management enhancement with discontinuous satellite coverage
· Key Issue #2: Power saving enhancement for UE in discontinuous coverage
The conclusions mention several different solutions to enable discontinuous coverage support. The following are some interesting points: 
· SA2 considers discontinuous coverage solution both for 5GS and EPS
· For the information the UE has and how it retrieves it, 23.700-28 states:
· If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.
· Satellite coverage data may be transferred to a UE from an external server or an AF.
· Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
· A “UE reachability period” is determined which is used by AMF/MME to determine when UE can be reached. This period may also be used by UE and can potentially be determined by a number of functions except for the AMF/MME. 
· AMF/MME will determine PSM parameters and sends this to the UE before the satellite discontinuous coverage starts
· UE determining requested NAS timer values and PSM parameters based on the so-called UE unreachability periods need to be specified
· AMF determines a “wait range” to reduce network overload in quasi-earth fixed scenarios for discontinuous coverage

From the above conclusion points, several of the solutions address problems that RAN2 partly already solved during IoT NTN rel-17. While some of the above points may have RAN impact it is still not clear whether there is RAN2 work that needs to be done. This is because some of the identified issues that need to be resolved may be done in NAS or SA2 specifications or can be performed in RAN specs. 
Observation 1: While there may be RAN impact from SA2 TR conclusions, it is not clear whether the specification of RAN, CT or SA will be affected. 

Establishing a connection with discontinuous coverage network
In discontinuous coverage scenarios, the satellite’s coverage may only be visible to the UE during so called satellite’s flyover time. It is expected that signalling between the UE and the network will be impacted due to insufficient flyover duration (i.e. coverage period) needed to complete a given RRC procedure.
Assuming that the network would configure the UE to determine when it is going to be in or out of satellite’s coverage, the UE could simply postpone triggering any required RRC procedure and wait for the next available satellite’s coverage period. This way, the UE would avoid the problem of power and resource wastage due to triggering a procedure that is destined to fail under insufficient satellite’s coverage period. 
Observation 2: The network can configure the UE to postpone triggering a RRC procedure and optionally wait for the next available satellite’s coverage period.   
Proposal 1: The UE may verify whether it has sufficient coverage time to complete a RRC procedure. 
Proposal 2: The UE only initiates the procedure if there is sufficient time. Otherwise, the UE needs to wait for the next available coverage period.
In our understanding, if the UE cannot verify remaining coverage time, e.g., the UE may not have the satellite’s coverage information and/or ephemeris parameters, cannot calculate the remaining coverage period (or the start of the next discontinuous coverage period), or not configured to determine the remaining coverage time, the UE may proceed to trigger the desired RRC procedure. 
In this case, the gNB may reject e.g. UE RRC connection request if the gNB can determine that the remaining coverage period is not enough to complete the RRC procedure. This way, the UE may save power, since it does not have to send other messages in addition to the 1st RRC message. That is, the UE avoids sending subsequent RRC messages that may be useless if discontinuous coverage is about to start. 
Observation 3: Attempting to complete a RRC procedure just before discontinuous coverage is not beneficial for the UE power savings since discontinuous coverage will anyway disrupt the RRC procedure. 
Proposal 3: the gNB should verify whether there is sufficient time to complete the UE initiated RRC procedure. 
Proposal 4: the gNB rejects the procedure if there is no sufficient time to complete the procedure before the next discontinuous coverage. 

Re-directing to discontinuous coverage network
The use of being connected to an NTN as well as discontinuous coverage NTN is to provide connectivity to IoT devices in areas where terrestrial network is unable to serve a UE. In many cases a mobile IoT UE may move from an area where a terrestrial network serves the UE to an area where the non-terrestrial network would be best to serve the UE. In many of these cases, the best option would be to re-direct the UE towards the discontinuous coverage network.
Re-directing a UE is done via RRC Connection Release procedure, where the UE might be re-directed to another RAT or another frequency. This can be done by including idle mode configurations, information about frequencies and RATs that the UE is being re-directed towards. 
One issue when a UE is re-directed from a continuous coverage network (terrestrial or non-terrestrial) is that the current information provided only gives the RAT, frequency and idle mode configurations. 
Observation 4: Re-direction message only provides RAT, frequency and idle mode configurations. 
When being re-directed towards a discontinuous coverage NTN, there is likely more information needed. We thus propose that information related to discontinuous coverage, such as satellite assistance information is provided in a re-direction message. 
Proposal 5: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.

Conclusion
In this contribution we discussed issues related to enhancements on discontinuous coverage. The following are the observations and proposals in this document:
Observation 1: While there may be RAN impact from SA2 TR conclusions, it is not clear whether the specification of RAN, CT or SA will be affected. 
Observation 2: The network can configure the UE to postpone triggering a RRC procedure and optionally wait for the next available satellite’s coverage period.   
Observation 3: Attempting to complete a RRC procedure just before discontinuous coverage is not beneficial for the UE power savings since discontinuous coverage will anyway disrupt the RRC procedure. 
Observation 4: Re-direction message only provides RAT, frequency and idle mode configurations. 
Proposal 1: The UE may verify whether it has sufficient coverage time to complete a RRC procedure. 
Proposal 2: The UE only initiates the procedure if there is sufficient time. Otherwise, the UE needs to wait for the next available coverage period.
Proposal 3: the gNB should verify whether there is sufficient time to complete the UE initiated RRC procedure. 
Proposal 4: the gNB rejects the procedure if there is no sufficient time to complete the procedure before the next discontinuous coverage. 
Proposal 5: Discontinuous coverage-related information is provided in a re-direct message when being re-directed to a discontinuous coverage network.
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