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1. Introduction
In RAN #165e meeting, power saving in idle mode for discontinuous coverage has been agreed but FFS of . Minor enhancements in existing power saving mechanisms to support discontinuous coverage
In this contribution we are addressing some observations & proposals related to enhancement to Power Saving Mode (PSM) in NB IoT in NTN to support UE not waking up during discontinuous coverage.
RAN2 #116e Agreement
[bookmark: _Hlk92822511]From RAN2 point of view, the existing power saving mechanisms e.g. DRX, PSM, eDRX, relaxed monitoring, and WUS can be reused in IoT-NTN. Minor enhancements in existing power saving mechanisms to support discontinuous coverage is FFS.
  

Also, this contribution discusses about methods to release Connected mode NB-IoT UEs under satellite coverage to avoid unnecessary cell search once it goes into discontinuous coverage & acknowledging eNB about 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. 
UEs behavior in connected mode post detecting discontinuous coverage is very essential for NB IoT UEs from power saving perspective.

[bookmark: _heading=h.b7o2235vbhbz]2.1 Enhancement to PSM Mode & Ephemeris data
In previous meetings, there was no agreement in broadcasting neighbor cell ephemeris data. However there is agreement that UE can ephemeris data to calculate discontinuous coverage & idle mode power saving. However current PSM mode allows NB IoT UEs to remain in deep sleep mode based T3324 & T3212 timers from core & also UE can request "UE requested" timer values during ATTACH/TAU procedure to enable PSM.
But to calculate correct value of T3212 Extended value, UE should know discontinuous coverage gap information. Data Transfer
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Otherwise NB IoT UE in NTN may wake up for less than 24Hrs [Before serving satellite reserve again next time] needs to know when to wake up otherwise they will end up waking up during discontinuous coverage area.
Observation 1: If there is no neighbor cells satellite ephemeris data, UE cannot detect discontinuous coverage. UE will wake up in discontinuous coverage area & do unnecessary cell search thereby reducing battery life.
There will be good amount of neighbor cell data if we consider for a day, since PSM may extend till a day or more than a day. PSM >1 day can use same ephemeris data of past to wake up, however for PSM <1 day could not decide when to up to avoid discontinuous coverage gap. So, there should be sufficient number of neighbor cells should be configurable by network. 
Amount of neighbor can be divided in 2 groups, “Default Neighbor ephemeris data” shall contain limited amount of neighbors & “Extended Neighbor Ephemeris Data” may contain more than default neighbors till defined by network.
UEs can be configured to receive either or both type of ephemeris data by network during RRC Setup procedure.
Proposal 1: UEs should be provided with satellite ephemeris data for neighbor cells in 2 groups, “Default Neighbor ephemeris data” shall contain limited amount of neighbors & “Extended Neighbor Ephemeris Data” may contain more than default neighbors till defined by network.
PSM mode allows NB IoT UEs to remain in deep sleep mode based T3324 & T3212 timers from core. However, in NB IoT, UE can request "UE requested" timer values during ATTACH/TAU procedure to enable PSM.
NB IoT UEs should use this ephemeris data for calculating T3212 Extended timer value to define deep sleep cycle along with T3324 while activating PSM. This will avoid waking up NB IoT UEs in discontinuous coverage area.
Proposal 2: NB IoT UEs should use satellite ephemeris data to calculate T3212 extended timer value along with T3324 for activating PSM.
2.2 Connected mode power saving
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 can be opt not to 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.Time
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In previous meeting, there was agreement 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.
There was few contributions related to 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 2: 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 3a: 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 3b: UE itself release network based on configured Timing Advance (TA) value communicated by NTN cell.

[bookmark: _heading=h.oiwx6mu7nc3]3. Conclusion
Observation 1: If there is no neighbor cells satellite ephemeris data, UE cannot detect discontinuous coverage. UE will wake up in discontinuous coverage area & do unnecessary cell search thereby reducing battery life.
Proposal 1: UEs should be provided with satellite ephemeris data for neighbor cells in 2 groups, “Default Neighbor ephemeris data” shall contain limited amount of neighbors & “Extended Neighbor Ephemeris Data” may contain more than default neighbors till defined by network.
Proposal 2: NB IoT UEs should use satellite ephemeris data to calculate T3212 extended timer value along with T3324 for activating PSM.
Observation 2: 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 3a: eNB to initiate RRC release based on relative NB-IoT UE location with respect to beam footprint.
Proposal 3b: NB-IoT UE itself release network based on configured Timing Advance (TA) value communicated by NTN cell.
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