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Abstract: This contribution discusses discontinuous coverage and WUS for EPS IoT NTN.
1
Introduction
A reply LS from RAN was received in [1].
TSG RAN emphasized support for discontinuous coverage is considered minimum essential functionality. TSG RAN asked

	-
TSG SA, SA2 to reconsider supporting new functionality to support discontinuous coverage; 

-
TSG CT/CT1 to consider whether low-hanging fruit solutions are feasible at NAS relying on existing functionality to support discontinuity in coverage, or, should TSG SA, SA2 decide to introduce new functionality to support discontinuous coverage, to align with TSG SA, SA2.

-
TSG SA/SA2/CT/CT1 to inform TSG RAN on the outcome of the discussion above.


In addition, TSG RAN indicated WUS can be reused without enhancement (except possibly minor enhancement related to discontinuous coverage). TSG RAN asked to ensure WUS is not excluded.
2
Discussion
2.1
Discontinuous Coverage
2.1.1
Background
Discontinuous coverage stems from incomplete/sparse satellite constellations e.g. typical of initial or ongoing deployments. It is characterised by deterministic loss of coverage resulting from constellation gaps. Knowledge of constellations ephemeris allows to accurately determine where and when coverage will inevitably disappear and reappear. A terrestrial network supporting a non-terrestrial network deployment is expected to hold such knowledge.
Observation 1: Discontinuous coverage resulting from incomplete/sparse satellite constellations is deterministic in the network, both temporally and geographically. 

Discontinuous coverage impacts radio connectivity and UE/network reachability. It can trigger RLF resulting in the UE and network becoming unreachable from one another ultimately resulting in local detach. 

Observation 2: Discontinuous coverage can result in significant signalling overhead, and can significantly impair, if not altogether prevent, data transmissions.

SA2 has not studied how to accommodate discontinuous coverage in 5GSAT_ARCH in Rel-17, with work being planned for Rel-18 instead. 

We acknowledge opening up a Study at this late stage for IoT NTN in Rel-17 is not reasonable. However it is important that from a UE standpoint, Rel-17 be forward compatible to potential enhancements for discontinuous coverage that may be specified in Rel-18.

Observation 3: From a UE standpoint, Rel-17 ought to be forward compatible to potential enhancements for discontinuous coverage that may be specified in Rel-18.
2.1.2
Discussion
We argue below that existing functionality with potentially minimal adjustments (typ. timers) and coupled with network knowledge of discontinuous coverage could provide rudimentary support for discontinuous coverage in Rel‑17.
Discontinuous coverage creates known interruptions of coverage as explained above. This can lead to one or more procedures failing possibly in a waterfall essentially caused by timer expiry on UE side and network side. Not only will this cause additional UE power consumption, resource waste, it will also cause, upon resumption of coverage and as a function of the failure(s) having occurred, recovery procedures that will generate extra signaling overhead. 

Observation 4: extended duration of lack of coverage caused by discontinuous coverage can lead to undue expiry of timers, thereby triggering recovery attempts causing additional signaling overhead (in-coverage), UE power consumption and resource waste.
Proposal 1: CT1 should verify whether and which NAS timers (e.g. MM timers such as periodic RAU timer, mobile reachable timer, implicit detach timer, active timer etc.) need extending that can help preventing expiry caused by discontinuous coverage. 

Another category of timers is that associated to power saving or UE back-off. It would be preferable that such timers would not cause the UE to be expected to appear or be reachable during lack of coverage caused by discontinuous coverage. 

Proposal 2: CT1 should verify whether and which NAS timers related to power saving, UE-back off need adjusting that can help prevent expiry occurring during lack of coverage caused by discontinuous coverage. 
Last, and related to UE reachability, is the handling of potential MT traffic during known lack of coverage resulting from discontinuous coverage. MTC high latency communication functionality was introduced in Rel-16 "to handle mobile terminated (MT) communication with UEs unreachable while using power saving functions e.g. UE Power Saving Mode (see clause 4.3.22) or extended idle mode DRX (see clause 5.13a) depending on operator configuration". By definition, discontinuous coverage will cause the UE to become unreachable for extended time periods, similarly to what could occur with power saving functions. HLCOM is suitable functionality that could be applied in conjunction with Proposal 2, thereby leveraging the network knowledge of discontinuous coverage to keep the RAN and application servers aware of UE inactivity or reachability. 
Proposal 3: CT groups to verify whether and how HLCOM functionality can be applied to take into account known extended period of lack of coverage for a given UE, resulting from discontinuous coverage.

2.2
WUS

WUS functionality is specified such that to avoid unintentional UE wake-up, it is only used in the last known UE cell location i.e. the cell in which the UE last entered RRC_IDLE. 

-
This cell information (Recommended Cells for Paging) is provided by the RAN to the CN over S1-AP/NG-AP upon UE context release complete, UE context suspend request and UE context resume request. 

-
The CN thereafter provides the cell information (Recommended Cells for Paging as Assistance Data for Recommended Cells) to the RAN S1-AP/NG-AP upon CN paging, which is then used by the RAN to issue WUS in the last used cell.
The above is useful in a terrestrial network deployment, with relatively small cell sizes (if compared with NTN).

For NTN deployments, where cell sizes are significantly larger, unintentional UE wake-up would take place at a much wider scale even if WUS were restricted to the last known UE cell location. Discussions are ongoing in RAN2 on using beam-level granularity in the last known cell location of the UE. This last known cell location is determined as done currently. 

Observation 5: WUS usage in NTN scenario require a finer accuracy than cell level for the last known UE location given the sheer size of NTN cells vs. TN cells. RAN2 is currently discussing using beam-level granularity within a cell that if agreed would need to be catered for in RAN/CN interaction alongside the cell data currently exchanged for WUS.

Proposal 4: Wait for RAN2 conclusion. Should new data need to be exchanged between RAN and CN (such as beam identification), the WUS signaling framework over S1 should be used as baseline such that the new data can be passed alongside the related Recommended Cells for Paging information.
4
Conclusions

Observation 1: Discontinuous coverage resulting from incomplete/sparse satellite constellations is deterministic in the network, both temporally and geographically. 

Observation 2: Discontinuous coverage can result in significant signalling overhead, and can significantly impair, if not altogether prevent, data transmissions.

Observation 3: From a UE standpoint, Rel-17 ought to be forward compatible to potential enhancements for discontinuous coverage that may be specified in Rel-18.

Observation 4: extended duration of lack of coverage caused by discontinuous coverage can lead to undue expiry of timers, thereby triggering recovery attempts causing additional signaling overhead (in-coverage), UE power consumption and resource waste.

Proposal 1: CT1 should verify whether and which NAS timers (e.g. MM timers such as periodic RAU timer, mobile reachable timer, implicit detach timer, active timer etc.) need extending that can help preventing expiry caused by discontinuous coverage. 

Proposal 2: CT1 should verify whether and which NAS timers related to power saving, UE-back off need adjusting that can help prevent expiry occurring during lack of coverage caused by discontinuous coverage. 

Proposal 3: CT groups to verify whether and how HLCOM functionality can be applied to take into account known extended period of lack of coverage for a given UE, resulting from discontinuous coverage.

Observation 5: WUS usage in NTN scenario require a finer accuracy than cell level for the last known UE location given the sheer size of NTN cells vs. TN cells. RAN2 is currently discussing using beam-level granularity within a cell that if agreed would need to be catered for in RAN/CN interaction alongside the cell data currently exchanged for WUS.

Proposal 4: Wait for RAN2 conclusion. Should new data need to be exchanged between RAN and CN (such as beam identification), the WUS signaling framework over S1 should be used as baseline such that the new data can be passed alongside the related Recommended Cells for Paging information.
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