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1. Introduction
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]In the Rel-18 WID [1] for IoT NTN enhancements, the objective on the discontinuous coverage enhancement is as following.
	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 paper, we provide some initial considerations regarding the power saving enhancements from RAN3 respective.
2. Discussion
[bookmark: OLE_LINK13]According to the current specification [TS 36.304], a RRC_IDLE UE will try to camp on a suitable cell to access service as defined by the cell selection/reselection process. When RLF is detected, the RRC_CONNECTED UE will perform the cell selection during the RRC reestablishment procedure. In both of these cases, when no suitable cell can be found after a complete scan of all RATs and all frequency bands supported by UE, UE enters and remains in any cell selection state until it finds a cell to camp on. This is a very power consuming process and completely useless in the deployment of discontinuous satellite coverage, where the coverage holes are fully predictable.
In Rel-17, RAN2 has agreed that UE can determine that it is out of coverage using available satellite assistance information (e.g. ephemeris parameters and coverage parameters in SystemInformationBlockType32, SystemInformationBlockType31 or other parameters). If it is out of coverage, the AS configuration is kept, but UE need not perform any idle mode tasks.
According to the R18 WID [1] of IoT NTN enhancements, RAN3 will take into account the conclusion from SA2 study. The SA2 study on the discontinuous coverage enhancements includes the following two issues.
	The study item aims at investigating on further 5GC/EPC enhancements to support satellite access based on the R17 5GSAT_ARCH achievements with the following 5GC/EPC areas for study: 
· WT#1: Discontinuous coverage 
WT#1.1: Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement) 
WT#1.2: Architectural enhancements considering prediction, awareness & notification of UE wake-up time, power saving optimizations. 


According to the TR 23.700-28 for this study, SA2 lists the general description of the second issue, as shown in the Annex and list some solutions, but do not have any conclusions.

In Rel-17, SA2 has agreed that only DRX is supported in the discontinuous coverage, the eDRX and PSM are not supported. The CN configures the suitable TAU period based on the satellite coverage information in the coverage area of the TAC list of UE.
In PSM, the CN sends one Active timer to UE via the NAS. When the Active timer expires, UE deactivates its Access Stratum functions and enters PSM. But UE continues to run any NAS timers that may apply, e.g. the periodic TAU timer. Also UE shall resume Access Stratum functions and idle mode procedures before the periodic TAU timer expires for performing the periodic TAU procedure as applicable. UE may resume idle mode procedures and Access Stratum functions any time while in PSM, e.g. for mobile originated communications. When UE enters PSM, the network will not send any DL information to UE. 
In the discontinuous coverage, when UE is out of coverage, UE should not resume the AS function and idle mode procedure to perform the periodic TAU procedure or mobile originated calls. It is SA2 to decide how to configure a suitable active timer. From RAN3 respective, the CN or RAN will not send any DL information to UE when UE enters PSM. Therefore there is no impact on RAN3.
Proposal 1: For the PSM in the discontinuous coverage, there is no impact on RAN3. 
As for eDRX, CN sends one Paging Time Window and eDRX cycle to UE in NAS message. There is only one paging time window for each eDRX cycle. UE will only monitor the paging during the Paging Timer Window. But UE can trigger the UL transmission at any time.
In the discontinuous coverage, CN can configure a suitable Paging Time Window, eDRX cycle and the TAC timer based on the satellite ephemeris data and UE location information. It is left to SA2 to discuss. To avoid the UL transmission triggering during the out of coverage, it is left to UE implementation to inform the NAS of the out of coverage. It seems there is no RAN3 impacts.
We know that the satellite coverage is discontinuous and may be unevenly distributed, and the network will configure the eDRX cycle according to the periodicity of the satellite. For NTN, the UE might under the coverage of multiple satellites in different times. Therefore, configuring a long eDRX, during which there are several satellites that can serve UE is needed to avoid increasing the signalling overhead for the NAS and AS. 
Observation 1: CN can configure a long eDRX cycle, during which there are several satellites that can serve the UE
In eDRX, CN pages UE only within the paging time window. If there is only one paging time window for the UE in each eDRX cycle in the discontinuous coverage, the delay of paging is large.
Observation 2: Only one paging time window will increase the delay of DL packets
In addition, as we have mentioned, there can be multiple satellites serving the UE. Therefore we suggest to consider that CN configures more than one paging time windows in one eDRX cycle. When CN initiates paging, the CN will inform more than one paging time windows corresponding to the multiple satellites that will serve the UE along with the eDRX cycle to RAN. RAN then will page the UE according to these paging time windows.
Proposal 2: One potential impact to RAN3 is that CN may configure more than one paging time windows in one eDRX cycle


[bookmark: _Toc423019950][bookmark: _Toc423020279][bookmark: _Toc423020296]3. Conclusion
In this contribution, we discussed the power saving enhancements regarding discontinuous coverage and have the following observation and proposals:
Proposal 1: For the PSM in the discontinuous coverage, there is no impact on RAN3. 
Observation 1: CN can configure a long eDRX cycle, during which there are several satellites that can serve the UE
Observation 2: Only one paging time window will increase the delay of DL packets
[bookmark: _GoBack]Proposal 2: One potential impact to RAN3 is that CN may configure more than one paging time windows in one eDRX cycle
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