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1. Introduction
In initial phases of NTN deployment, there will less LEO satellite density. So, satellite system cannot cover all areas of interest seamlessly. This will cause gap in coverage for certain period when satellite A Leaves Area A & other satellite B flyby after some time as shown in figure below. In previous meeting this issue is being termed as “Discontinuous coverage”.Discontinuous Coverage 
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This contribution is about methods to release NB-IoT UEs under satellite coverage to avoid unnecessary cell search once it goes into discontinuous coverage & acknowledging gNB the reception of RRC release message to avoid state mismatch. This will avoid battery drainage of UEs by doing proactive releasing of NB-IoT UEs before cell search during Discontinuous coverage.

[bookmark: _heading=h.b7o2235vbhbz]2. Discussion
In initial phase of NTN there will be low satellite density, connected mode NB-IoT UEs when it enters discontinuous coverage will try to search new cell for data transfer. After failed cell search, this NB IoT UEs will try to access network frequently. This will have serious impact on batteries of NB-IoT UEs. 

Since for NB-IoT UEs, CPU processing will be limited to extend battery life. NB-IoT UEs should not be engaged in battery draining activities like doing cell search in Discontinuous Coverage area. Also, rather than making this NB-IoT UEs to search for cells then to go in idle mode & subsequently to DRX/PSM Mode, it’s better to release these NB-IoT UEs before Discontinuous coverage. So that NB-IoT UEs will be in idle mode before starting of discontinuous coverage area as shown Figure 1.


In previous meeting, there was discussion about NB-IoT UE can identify possible discontinuous coverage based on ephemeris data, however there could be possible better ways to identify discontinuous coverage & release NB IoT UEs.  RSRP also could not be used as trigger for releasing UE, since there is very less deviation in RSRP from center of beam to cell edge.Time
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There was also good contribution about NB-IoT UE configured with modified PSM/DRx Cycle to match Discontinuous Coverage window with sleep cycle of DRX in idle mode after RRC Release. 
But there was no discussion on how to release connected mode NB IoT UEs before discontinuous coverage & allow NB IoT UE to follow above mentioned modified DRX/PSM cycle. 
Observation 1: NB IoT UEs in connected mode will have battery drainage due to unnecessary cell search once it goes in discontinuous coverage. Also allowing NB-IoT UE to calculate discontinuous coverage area will have some impact on battery performance.
There could be 2 options to release NB IoT UEs from Network.
There is discussion about GNSS capable UEs share GNSS information with eNB in NTN. NTN network can use this GNSS location of UE to calculate exact location with respect to beam center. Based on relative location with respect to beam center, once UE arrives at maximum distance from cell center (at cell edge) eNB shall initiate RRC release with New Cause “NTN Disc Cov” in RRC Release IE. Post receiving RRC release with cause “NTN Disc Cov” UE should release all resources & should go into sleep as per modified DRX/PSM cycle.
Current RRC Release Causes of RRC Release does not force UE to go into DRX/PSM mode idle mode even though UE has some data in buffer. This new cause “NTN Disc Cov” shall allow UE to go in modified DRX/PSM mode even with data in buffer & will guide UE to allow data transfer in active cycle of DRX/PSM (i.e. Post Discontinuous Coverage)
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As shown figure above UE shall be given some time to schedule priority data & acknowledge network before release, so this buffer time can be configured with UE post reception of RRC release. This Buffer time should be calculated based in RTT Delay to acknowledge RRC Release + Processing time required for UE .
Proposal 1a: eNB to initiate RRC release based on relative UE location with respect to beam footprint.


NB-IoT UEs are time aligned using GNSS location & ephemeris data during RACH procedure. So, Timing Advance (TA) at eNB accurately tells relative location of UEs with respect to satellite. NTN Cells can be configured with Maximum TA value (i.e. calculated based on coverage footprint distance) till which cell can serve NB-IoT UE or allow new NB-IoT UEs to connect. Means when UE attains this TA Value in a cell then it should initiate release from network or should not allow to camp on.
eNB should calculate this Maximum TA value based on maximum coverage + Buffer time (time from Max TA to Discontinuous Coverage as shown in figure below.). This Buffer time should be calculated based on calculated based in RTT Delay to acknowledge RRC Release + Processing time required for UE .
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Network shall communicate this Max TA & Buffer Time value in RRC Connection Setup /RRC Connection reconfiguration IE.
Proposal 1b: UE itself release network based on configured Timing Advance (TA) value communicated by NTN cell.

[bookmark: _heading=h.oiwx6mu7nc3]3. Conclusion
This document aims to initiate discussion and possible agreement on the path forward with regards to handling method to release Connected mode NB-IoT UEs before discontinuous coverage area. 
Observation 1: NB-IoT UEs in connected mode will have battery drainage due to unnecessary cell search once it goes in discontinuous coverage. Also allowing NB-IoT UE to calculate discontinuous coverage area will have some impact on battery performance.
Proposal 1a: eNB to initiate RRC release based on relative NB-IoT UE location with respect to beam footprint.
Proposal 1b: NB-IoT UE itself release network based on configured Timing Advance (TA) value communicated by NTN cell.
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