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1.
Introduction
CT1/CT Plenary have agreed on the Rel-17 work item on the support for IoT NTN in EPS in [1]. The WID includes the following objectives related to discontinuous coverage (DC):

- 
Interaction with the AS layer to manage the awareness of DC at the NAS layer based on the DC awareness at the AS layer (section 3.1 below)
-
Impact of DC on the handling of NAS procedures at the UE (section 3.2 below)
-    Impact of DC on the PLMN search and selection. (section 3.3 below)
2.
Assumptions
According to the IoT NTN deployment examples in [2] and the TR assumptions in [3], the average flyover time of a satellite can be around 2 minutes (110 seconds), while the average coverage gap duration between successive flyovers can be 13 hours. Moreover, the flyover times and the coverage gap durations have substantial variations. 
Observation 1: Flyover time of 2 minutes with the coverage gap duration of 13 hours can be assumed as a valid scenario for defining solutions.
SA2 has made the following agreements in [4]:
For UE using a RAN that provides discontinuous coverage (e.g. for satellite access with discontinuous coverage), if the UE knows how the E-UTRAN coverage varies with time based on information defined in TS 36.331 [37] (e.g. from the ephemeris data of a satellite access system that the UE is using) then the UE may deactivate its Access Stratum functions in order to optimise power consumption until coverage returns. Details are specified in TS 36.304 [34] and TS 24.301 [46].

At the same time, SA2 agreements do not mention any awareness of DC at the NAS layer. Based on the above, we make the following observations:

Observation 2: Information about the discontinuous coverage is available in the AS.

3. Discussion

3.1 Interaction with the AS layer to manage the awareness of DC at the NAS layer 
If the awareness of DC and the information about how the coverage varies in time is available in the AS, there is no apparent reason for the NAS to trigger activation/deactivation of the AS layer functions due to DC. The AS layer function activation and deactivation due to DC should be performed in the AS layer. 
Proposal 1: The AS layer function activation/deactivation due to DC should be performed in the AS layer.
The NAS behavior will be affected by the activation/deactivation of the AS layer due to DC. If the AS is deactivated due to a coverage gap, the NAS needs to be informed, so the NAS EMM layer can go into the appropriate state. By the same token, if the AS is activated due to a satellite flyover, the NAS also needs to be informed to be able to transition into the appropriate EMM state. 

Proposal 2: The AS layer shall indicate to the NAS layer when the AS layer is activated or deactivated due to DC.
During coverage gaps, it seems appropriate for the EMM layer to be in the EMM-REGISTERED.NO-CELL-AVAILABLE STATE. The EMM layer would transition into this state upon receiving an indication from the AS layer that the AS has been deactivated due to DC. Upon receiving an indication from the AS layer that the AS has been activated, the EMM layer moves out of the EMM-REGISTERED.NO-CELL-AVAILABLE STATE. 
Proposal 3: During coverage gaps in DC, the NAS layer is in the EMM-REGISTERED.NO-CELL-AVAILABLE state. The NAS layer moves in/out of the EMM-REGISTERED.NO-CELL-AVAILABLE state based on the indications received from the AS layer about the AS layer deactivation/activation due to DC.
3.2
Impact of DC on the handling of NAS procedures at the UE

If the NAS layer is in the EMM-REGISTERED.NO-CELL-AVAILABLE state during coverage gaps, no new handling of the NAS procedures during DC is needed. The legacy NAS behaviour w.r.t. the handling of the NAS procedures in the EMM-REGISTERED.NO-CELL-AVAILABLE state can be followed.
Proposal 4: If the NAS layer is in the EMM-REGISTERED.NO-CELL-AVAILABLE state during coverage gaps, no new handling of the NAS procedures during DC need to be defined.

3.3
Impact of DC on the PLMN search and selection
3.3.1
Minimum periodic PLMN search timer

Some limitations and requirements related to the search for higher priority PLMN in TS 23.122 seem incompatible with DC. For example, if the UE is registered with a VPLMN and is searching for the HPLMN, and the flyover time of the HPLMN satellite is ~ 2 minutes, then the minimum values of the periodic search timer T of 6 minutes for non-IoT and 2 hours for IoT are going to cause the UE to miss the HPLMN flyovers 2/3 (66%) of the time on average. By the same token, the default values for the search timer T of 60 minutes and 72 hours, respectively, are also not going to work for a network using DC.
Observation 3: The minimum and the default value(s) of the periodic search timer T in TS 23.122 need to be adjusted.
Proposal 5: CT1 shall specify new minimum and default values for periodic search timer T in 23.122 for IoT NTN.  This shall include considering not specifying any minimum of default values.
3.3.2 
Periodic PLMN search in NO-CELL-AVAILABLE state
The flyover times of the registered VPLMN may not overlap with the flyover times of the HPLMN. Therefore, the UE will need to perform periodic PLMN search during coverage gaps of the VPLMN, when the UE is in EMM-REGISTERED.NO-CELL-AVAILABLE state. This is incompatible with the existing requirement in 23.122: “Periodic attempts shall only be performed by the MS while in idle mode or 5GMM-CONNECTED mode with RRC inactive indication”. 
Proposal 6: When the UE is registered to a VPLMN and is in EMM-REGISTERED.NO-CELL-AVAILABLE state due to DC, the UE shall be able to perform periodic search for HPLMN.
3.
Conclusion
Observation 1: Flyover time of 2 minutes with the coverage gap duration of 13 hours can be assumed.
Observation 2: The information about the discontinuous coverage is available in the AS.

Observation 3: The minimum and the default value(s) of the periodic search timer T in TS 23.122 need to be adjusted.

Proposal 1: The AS layer function activation/deactivation due to DC should be performed in the AS layer.
Proposal 2: The AS layer shall indicate to the NAS layer when the AS layer is activated or deactivated due to DC.
Proposal 3: During coverage gaps in DC, the NAS layer is in the EMM-REGISTERED.NO-CELL-AVAILABLE state. The NAS layer moves in/out of the EMM-REGISTERED.NO-CELL-AVAILABLE state based on the indications received from the AS layer about the AS layer deactivation/activation due to DC.

Proposal 4: If the NAS layer is in the EMM-REGISTERED.NO-CELL-AVAILABLE state during coverage gaps, no new handling of the NAS procedures during DC is needed.

Proposal 5: CT1 shall specify new minimum and default values for periodic search timer T in 23.122 for IoT NTN.  This shall include considering not specifying any minimum of default values.
Proposal 6: When the UE is registered to a VPLMN and is in EMM-REGISTERED.NO-CELL-AVAILABLE state due to DC, the UE shall be able to perform periodic search for HPLMN.
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