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Abstract: An overview of the issues, observations and potential solutions for handling discontinuous coverage in IoT NTN. 
Introduction
[bookmark: OLE_LINK18][bookmark: OLE_LINK19]In the LS on EPS support for IoT NTN in Rel-17 (RP-212617/S2-2107017) from RAN#93e plenary, TSG RAN would like to ask TSG SA, SA2 to reconsider supporting new functionality to support discontinuous coverage.
In the Rel-17 WID “Architecture support for NB-IoT/eMTC Non-Terrestrial Networks in EPS”, approved at the last SA2#146-e meeting, there is a limitation that additional functionality to support satellite backhaul and discontinuous coverage is not included as part of this work item.
This paper gives an analysis on the system impact of discontinuous coverage and potential enhancement in IoT NTN. 
Discussion
UL signalling/data handling in the UE
When there is any UL transmission request, i.e. TAU request, UL data transmission request, the idle IoT UE will start to wake up and establish the connection to the mobile network. It will start scanning and selecting a cell to establish the RRC connection to the RAN side.
However, due the discontinuous coverage of IoT NTN, when the UL signalling or data transmission request is triggered, the UE may be outside the coverage of satellite network. The UE will be kept scanning to camp on an available cell all the time. But such cell scanning is futile, unnecessary and energy-intensive, which will significantly reduce the battery lifetime of UE devices.
Observation1: The UE may keep scanning for network cells even when there is no network coverage, thus causing high UE power consumption.
Potential enhancement:
1. The eNB may send the satellite assistance information to the MME. The satellite assistance information may include ephemeris orbital, the coordinates of sub-satellite point and the coverage radius for the satellite cell.
2. Via the satellite assistance information, the MME may derive the coverage information for a specific UE and store it in the MM context.
3. The coverage information will be delivered to the UE via the Attach/TAU Accept Message.
4. When the TAU Timer expires, the UE learns there is no coverage according to the coverage information. Then it will stop triggering the TAU procedure and looking for a cell.
5. The UE initiates the TAU procedure when it enters the coverage of satellite network.
Observation2: To optimize UL signalling/data handling, the potential enhancements include the awareness of satellite network coverage information by the UE, e.g. the CN sends the satellite network coverage information to UE.

UE reachability management
An EMM-REGISTERED UE performs periodic Tracking Area Updates with the network after the expiry of the periodic TAU timer.
However, without considering the discontinuous coverage of IoT NTN, when starting to send the periodic TAU Request, the UE may be outside of the coverage of a satellite. Then the network connection cannot be established and the periodic TAU cannot be successfully executed. 
When the mobile reachable timer expires in the MME, the MME can deduce that the UE is not reachable. And when the Implicit Detach timer expires, the MME will delete the UE bearer and detach the UE. However, it is not proper to detach the UE as this is due to the discontinuous coverage of satellite and the UE will be reachable again after the satellite moves to an area above the UE. The UE may need to attach to the network and may be detached by the network again and again.
Observation 3: Due to discontinuous coverage in IoT NTN, the MME may detach the UE and the UE needs to attach to the network again and again, thus causing additional signalling.
Regarding to the above observation, simple solutions may be used to address it in the Rel-17.
Potential enhancement:
1. The eNB may send the satellite assistance information to the MME. The satellite assistance information may include ephemeris orbital, the coordinates of sub-satellite point and the coverage radius for the satellite cell.
2. Via the satellite assistance information, the MME may derive the coverage information for a specific UE together with the mobility characteristics of the UE, i.e. fixed or known trajectory, and store it in the MM context. The coverage information can be the time period when the UE is under the satellite network coverage.
3. For a ECM-IDLE UE, when the Mobile Reachable Timer and Implicit Detach Timer expires, the MME would take the coverage information of the UE into account and decide whether to detach the UE or not.
Observation 4: To optimize the UE reachability, the potential enhancements include that MME taking the satellite network coverage information of the UE into consideration.
DL data/signalling handling 
If the MME needs to signal with the UE that is in ECM-IDLE state, e.g. to perform the MME/HSS-initiated detach procedure for the ECM-IDLE mode UE or the S‑GW receives control signalling (e.g. Create Bearer Request or Update Bearer Request), the MME shall start the network triggered service request procedure.
Once receiving a Downlink Data Notification message, the MME shall determine whether the UE is reachable or not. If it detects the UE is in a power saving state (e.g. Power Saving Mode or extended idle mode DRX) and cannot be reached by paging at this moment, it shall invoke the extended buffering depending on operation configuration. Based on power saving state of UE, the MME shall derive a DL Buffering Duration Time for the extended buffering in the Serving GW. Based on the DL Buffering Duration Time, MME shall store a new value, DL Data Buffering Expiration Time, which indicates there is DL data buffered in the Serving GW. When the DL Data Buffering Expiration Time expires, the MME considers no buffered DL data.
For an ECM-IDLE UE devices under discontinuous coverage, the DL Buffering Duration Time determined based on the power saving state is not accurate. When the UE wakes up, it may still be unreachable due to the discontinuous coverage of satellite network. However, the inaccurate DL Buffering Duration/Expiration Time may lead to a waste of paging resources and data delivery failure.
If there is an “Availability after DDN Failure” or “UE Reachability” monitoring event configured for the UE in the MME, the MME shall send a notification when the UE becomes available,  but the UE reachability based on the power saving state is inaccurate.
Observation 5: The DL Buffering Duration/Expiration Time without considering the discontinuous coverage of satellite network will be inaccurate, leading to a waste of paging resources and data delivery failure.
In order to solve the above problems, some basic solutions can be shown below as examples.
Potential enhancement:
1. The MME can derive the coverage information for a UE based on the satellite assistance information from eNB.
2. When receiving the Downlink Data Notification, the MME shall consider the power saving state and also the coverage information to determine the UE reachability, also including the DL Buffering Duration Time.
3. When the UE becomes reachable, the MME can send paging message to eNB to page the UE which is under coverage now.
Observation 6: To optimize the DL data/signalling handling, the potential enhancements include the awareness of the UE’s satellite network coverage information for the MME. 
UE Power Saving 
The UE and the network may negotiate over NAS signalling the use of extended idle mode DRX for reducing its power consumption, while being available for mobile terminating data and/or network originated procedures within a certain delay dependent on the DRX cycle value.
However, different from ground communications, the UE may wake up when there is no available satellite network coverage. Then the UE will be keep scanning for the available cells for subsequent paging message monitoring, which is futile and not necessary.
The idle eDRX cycle will be started at the pre-defined time point without any further signalling negotiations between the UE and the CN side. The CN can be sure when the UE enters the eDRX cycle. However, the time period without any satellite coverage is not fixed and depends on the actual deployments.
Finally, the extended idle mode DRX value range will be up to a maximum of 10485.76s (almost 3 hours) for NB-IoT UEs and up to a maximum of 2621.44s (almost 44min) for WB-E-UTRAN UEs. The duration without satellite coverage is not fixed and depends on the deployment, which can be from several minutes to hours. One eDRX cycle may not cover the duration when there is no satellite network coverage. So the UE may have to wake up when there are no satellite network coverage and be keep scanning and selecting cells. 
Observation 7: The UE power saving negotiation without considering the discontinuous coverage of satellite network may leads to higher power consumption for the UE.
Potential enhancement A:
1. The eNB may send the satellite assistance information to the MME. The satellite assistance information may include ephemeris orbital, the coordinates of sub-satellite point and the coverage radius for the satellite cell.
2. Via the satellite assistance information, the MME may derive the coverage information for a specific UE together with the mobility characteristics of the UE, i.e. fixed or known trajectory, and store it in the MM context. The coverage information can be the time period when the UE is under the satellite network coverage.
3. When deciding the extended idle mode DRX parameters, the MME may additionally take the UE coverage information into account to let the sleep duration in one eDRX cycle cover the duration when the UE is outside the satellite network coverage.
4. A reference time indicating when to enter the eDRX cycle is also derived, which can be within the eDRX parameters. This can make sure the sleep duration in one eDRX cycle can cover the non-coverage duration.
5. The negotiated eDRX parameters shall be delivered to the UE via the Attach/TAU Accept message.
6. UE will enter the eDRX cycle according to the reference time. When there is no satellite network coverage for the UE, the UE is just in the sleep mode without any impact.
Potential enhancement B:
1. The eNB may send the satellite assistance information to the MME. The satellite assistance information may include ephemeris orbital, the coordinates of sub-satellite point and the coverage radius for the satellite cell.
2. Via the satellite assistance information, the MME may derive the coverage information for a specific UE together with the mobility characteristics of the UE, i.e. fixed or known trajectory, and store it in the MM context. The coverage information can be the time period when the UE is under the satellite network coverage.
3. The MME may deduce a new hybrid UE power saving mechanism, dividing the duration into two parts, in-coverage and out-coverage periods. Within the in-coverage period, the eDRX parameters will be valid. Within the out-coverage period, the UE will be kept in sleep mode without any further UL data/signalling interactions.
4. The negotiated hybrid power saving parameters shall be delivered to the UE via the Attach/TAU Accept message.
5. UE will enter the sleep mode during the out-coverage period and enter the eDRX cycle during the in-coverage period. Hence, when there is no satellite network coverage for the UE, the UE is just kept in the sleep mode without any impact.
Observation 8: For UE power saving optimization, the potential enhancements include that the MME needs to take the UE’s satellite network coverage information into account when negotiating the UE power saving parameters, e.g. the idle mode eDRX parameters enhancements and hybrid UE power saving mechanism.
Conclusion
In this document, we have discussed the impact of discontinuous coverage to CN with the following observations:
Observation1: The UE may keep scanning for network cells even when there is no network coverage, thus causing high UE power consumption.
Observation2: To optimize UL signalling/data handling, the potential enhancements includes the awareness of satellite network coverage information by the UE, e.g. the CN sends the satellite network coverage information to UE.
Observation 3: Due to discontinuous coverage in IoT NTN, the MME may detach the UE and the UE needs to attach to the network again and again, thus causing additional signalling.
Observation 4: To optimize the UE reachability, the potential enhancements include that MME taking the satellite network coverage information of a UE into consideration. 
Observation 5: The DL Buffering Duration/Expiration Time without considering the discontinuous coverage of satellite network will be inaccurate, leading to a waste of paging resources and data delivery failure.
Observation 6: To optimize the DL data/signalling handling, the potential enhancements include the awareness of the UE’s satellite network coverage information for the MME. 
Observation 7: The UE power saving negotiation without considering the discontinuous coverage of satellite network may leads to higher power consumption for the UE.
Observation 8: For UE power saving optimization, the potential enhancements include that the MME needs to take the UE’s satellite network coverage information into account when negotiating the UE power saving parameters, e.g. the idle mode eDRX parameters enhancements and hybrid UE power saving mechanism.
With the above listed observations, it is proposed that:
[bookmark: _Ref51754192]Proposal 1: Determine whether the discontinuous coverage issue in IoT NTN can be addressed within the Rel-17 timeline or be left to the Rel-18 study, based on further discussion and evaluation.
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