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1	Introduction
The work item for IoT NTN enhancements in Rel-18 includes an objective to continue the standardization work about the topic of discontinuous coverage.

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 present our views on the signalling of the satellite assistance information that conveys the cell footprint and is used for predicting coverage gaps.
[bookmark: _Ref178064866]2	Discussion
2.1	Dedicated Satellite Assistance Information
In Release 17, support of discontinuous coverage scenarios for IoT Non-Terrestrial Networks was enabled through a new set of parameters denominated Satellite Assistance Information (SAI) that are signalled in SIB32. This information is used by UEs to independently calculate when it is expected that their current location will be under satellite coverage again without excessive power consumption.

[bookmark: _Toc127515884]Satellite Assistance Information broadcast in SIB32 helps a UE estimate when it will regain NTN coverage in a discontinuous coverage scenario.

System Information was regarded as the best place to include this information on the base of two premises [1]: first, SAI might be common for most UEs in a cell, thus reducing unnecessary overhead, and second, this way is more efficient for UEs in RRC Inactive/Idle mode, so that they don’t need to transition to connected mode to obtain this information. However, System Information also presents some downsides, primarily to the inclusion of further modifications in the upcoming release. Thus, several companies proposed to include the additional possibility of sending SAI via dedicated RRC messages [2]. For instance, this approach is relevant for a UE in connected mode that has failed to obtain SIB32, to reduce the acquisition frequency of SIB32 (more satellites can be included in a RRC message than in a SIB), or in certain mobility scenarios within the context of a discontinuous coverage deployment (e.g., a UE moving to a different geographical area about which it has no discontinuous coverage information). Although it was initially agreed in [1] to further study these cases, later in [3], it was decided to postpone the discussion to Release 18 due to time shortage.

[bookmark: _Toc127515885]Dedicated signalling of Satellite Assistance Information may be useful in certain mobility scenarios, offers more flexibility than System Information to accommodate a higher number of satellites and helps reducing the acquisition frequency of SIB32.
[bookmark: _Toc127515891]Introduce dedicated signalling of NTN discontinuous coverage Satellite Assistance Information.

2.2	Measurement assistance after a coverage gap
In spite of the predictability of satellite movements, discontinuous coverage introduces a higher level of uncertainty into the system. The mechanism specified in Release 17 relies on the capability of UEs to accurately estimate the duration of coverage gaps from the satellite assistance information provided by the network. For the quasi-Earth fixed cell scenario, the network provides a definite UTC time offset boundary (t-ServiceStart-r17). In the case of Earth-moving cell scenario, the network transmits a coarse average ephemeris encoded in Two-Line Element (TLE) format for the UEs to autonomously estimate the next satellite’s start serving time. Clearly, the latter involves a degree of unpredictability, compared to the former, and a characterization of the estimation error has already been discussed in previous contributions [4].

[bookmark: _Toc127515886]An increase in uncertainty is associated with discontinuous coverage, especially for Earth moving cells.

UE isn’t expected to be served by any NTN cell when the current time is earlier than the next satellite’s start serving time. As previously mentioned, this value can be either calculated with t-ServiceStart-r17 or estimated with the provided TLE ephemeris. Thus, UE is not expected to start the cell (re)selection procedure, or more generally, any AS idle mode task related to NTN [5] before this time. Once under NTN coverage, a UE may start cell selection without any prior knowledge, besides stored information, of which RF channels are E-UTRA or the location of NB-IoT carriers. For a UE, this may lead to increased delays and power consumption. For the network, it becomes highly uncertain when a UE might re-gain uplink synchronization potentially leading to missed paging occasions.

[bookmark: _Toc127515887]From network perspective, it is uncertain when a UE regains uplink synchronization after an NTN coverage gap. This could lead to missed paging occasions.
[bookmark: _Toc127515888]From UE perspective, it is uncertain the characteristics of the upcoming cell after an NTN coverage gap. This could lead to increased delays, measurement duration and, ultimately, power consumption in the UE.
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[bookmark: _Ref126740415]Figure 1. UE in discontinuous coverage as a function of time.

A feasible assumption is that NTN deployments, especially those with discontinuous coverage, may take advantage of some degree of configuration commonality between cells. For simplicity and resource economy, an incoming cell after a coverage gap may re-use the same configuration as the previous cell. In this way, the system could toggle between several of a limited number of configuration options. Figure 1 illustrates such scenario as a function of time. UE at  is camping on a quasi-Earth fixed NTN cell named “Cell A” and served by satellite . This is followed by a period without NTN service (an NTN coverage gap) with a duration of . There is a high probability that the same UE at  camps on the same cell named “Cell A” (or a different one but with similar configuration) and now served by the next satellite . Knowing this information (i.e., the relation between the cell before coverage gap and after coverage gap) is beneficial to the UE which can leverage the similarity between cells to accelerate measurements and re-gain uplink sync in a more efficient manner after a coverage gap. 

[bookmark: _Toc127515889]When it comes to deployment, it is likely that similar configurations will exist between cells before and after the occurrence of an NTN coverage gaps.
[bookmark: _Toc127515890]A UE can leverage similarity between cells before and after an NTN coverage gap to reduce service interruption and power consumption.

In NR NTN, neighbour satellite information in SIB19 includes, among other things, ephemeris, and cell measurement assistance information, i.e., PCI and carrier frequency. In contrast, the present contents of SIB32 in IoT NTN only encompasses satellite and coverage related information. This is not sufficient for a UE to determine the existence of configuration similarity between cells before and after an NTN coverage gap. Accordingly, in the same manner as NR NTN, the network could include additional measurement assistance information, such as PCI or carrier frequency, in SIB32 to assist UEs in accelerating measurements and re-gaining uplink sync more efficiently after a coverage gap.

[bookmark: _Toc127515892]Measurement assistance information, i.e., PCI or carrier frequency, is provided in SIB32 to facilitate measurements and a faster uplink sync and ensure minimal disruption to paging reception after an NTN coverage gap.


[bookmark: _Ref189046994]3	Conclusions
In the previous sections we made the following observations: 
Observation 1	Satellite Assistance Information broadcast in SIB32 helps a UE estimate when it will regain NTN coverage in a discontinuous coverage scenario.
Observation 2	Dedicated signalling of Satellite Assistance Information may be useful in certain mobility scenarios, offers more flexibility than System Information to accommodate a higher number of satellites and helps reducing the acquisition frequency of SIB32.
Observation 3	An increase in uncertainty is associated with discontinuous coverage, especially for Earth moving cells.
Observation 4	From network perspective, it is uncertain when a UE regains uplink synchronization after an NTN coverage gap. This could lead to missed paging occasions.
Observation 5	From UE perspective, it is uncertain the characteristics of the upcoming cell after an NTN coverage gap. This could lead to increased delays, measurement duration and, ultimately, power consumption in the UE.
Observation 6	When it comes to deployment, it is likely that similar configurations will exist between cells before and after the occurrence of an NTN coverage gaps.
Observation 7	A UE can leverage similarity between cells before and after an NTN coverage gap to reduce service interruption and power consumption.


Based on the discussion in the previous sections we propose the following:
Proposal 1	Introduce dedicated signalling of NTN discontinuous coverage Satellite Assistance Information.
Proposal 2	Measurement assistance information, i.e., PCI or carrier frequency, is provided in SIB32 to facilitate measurements and a faster uplink sync and ensure minimal disruption to paging reception after an NTN coverage gap.
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