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Introduction
Power saving and discontinuous coverage were discussed in RAN2 during the SI phase and the past three RAN2 meetings. The following agreements were reached in RAN2-115e.
RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.
In previous discussion, RAN2 has already concluded that there may be some impact on paging, (e)DRX, PSM, and PLMN search mechanisms if discontinuous coverage is to be supported. Accordingly an LS [1] was sent to SA2 and CT1, with RAN3 and CT4 in cc, for possible alignment and feedback. While enhancements to core network procedures and NAS layer are out of scope of RAN2, it is well within RAN2’s scope (and one of the objectives of the WID[2]) to discuss what action the UE’s AS layer may take when it determines that the UE is likely to go out of coverage. In this contribution, we provide our views on this topic.
Discussion
RAN2 has agreed in R2-115e that “Satellite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused”. At this point, the details of the assistance information (which would be some kind of ephemeris) to be specified by 3GPP to enable the UE to predict coverage discontinuity, are not completely clear and we may well have to wait for further progress in the NR NTN feature before reaching a final agreement. 

Nonetheless, given that the UE has access to UE location (via GNSS), UE movement, and satellite ephemeris, it seems reasonable to assume that the UE is likely to be able to reliably predict when and where the UE is going to be out of coverage.

Proposal 1: RAN2 assumes that the UE is able to reliably predict when and where it is likely to be out of coverage.

Once the UE has determined that it is going out of coverage, it needs to inform the network to ensure that the UE and the network can gracefully manage the transition of the UE from in-coverage to out-of-coverage status. One question is in which RRC state (Idle or Connected) should the UE inform the network of its impending transition to out-of-coverage state. From a network point of view there are clear benefits for all RRC states, e.g., to reduce unnecessary RAN/CN paging (Idle state), and to minimize unexpected disruption in data transmission/reception (Connected state). 

Proposal 2: The UE informs the network when it expects to be out of coverage in all RRC states.

Once, the UE is out of coverage, we expect that the UE can power down to conserve energy. When the UE detects that it is back in coverage, then it can establish an RRC connection with the network.

Proposal 3: Once the UE is out-of-coverage, it is up to UE implementation to detect when it is back in coverage and establish an RRC connection with the network.

The UE may additionally provide the network with some assistance information to enable the network to figure when and where the UE is expected to be back in coverage. However, we view provision of assistance information as an optimization rather than as an essential requirement.

Proposal 4: Time permitting, RAN2 can specify assistance information that the UE can provide to enable the network to predict when and where the UE will be back in coverage.

When RAN receives information from the UE that it is likely to be out of coverage, then the RAN can instruct the UE to transition to RRC idle or RRC inactive state. Since the latter is only possible if the RAN is connected to 5GC, and the WID only intends to support EPC, for Release 17 at least, the only option is for RAN to send the UE to RRC idle. However, in this case, the UE will not simply transit to RRC idle; instead it will stop attempting to camp on any cell and be unreachable for paging purposes as long as the UE is out of coverage.

Proposal 5: Once RAN instructs the UE to transit to release the RRC connection on receipt of out-of-coverage indication as per Proposal 1, RAN should consider the UE unreachable (e.g., for paging purposes) till such time as the UE establishes an RRC connection (as per Proposal 2).

The mechanism of the UE informing the network that it expects to be out of coverage is similar in spirit to the “graceful exit” procedure being developed as part of the Release 17 MUSIM feature. RAN2 has agreed in R2-114e [3] that, “at least AS-based solution (with AS-based response) for network switching while leaving RRC_Connected state in NW A” will be supported. In R2-115e[4], it was further agreed that the “UE can indicate it wants to leave RRC_CONNECTED in assistance information for MUSIM (FFS for signalling details, e.g. UAI.”  

This MUSIM mechanism can be repurposed to allow the UE to inform the network that it is going out of coverage. Note that in the event that the UE is in RRC Idle state, the expectation is that the UE will transit to RRC Connected state to send the “graceful exit” message.

Proposal 6: The MUSIM mechanism for graceful exit can be simplified and adapted for the IoT NTN feature to allow the UE to inform the network that it is going out of coverage.

To ensure that UEs behave consistently, and for the network to control how the UE can use the mechanism proposed in Proposal 1 and Proposal 5, it should be possible for the network to control when and where the UE can invoke this mechanism. For example, the network can configure the UE to trigger the mechanism resulting in RRC Release when the UE is within a certain area (e.g., a circular area defined by lat-long coordinates) or at certain times, or a combination of these factors.

Proposal 7: The network should be able to configure conditions (e.g., location and/or time) under which the UE can request its RRC state to be released.
Conclusions
In this document, we provide our views on how discontinuous coverage can be handled in IoT NTN systems. Our observations and proposals are summarized below.

Proposal 1: RAN2 assumes that the UE is able to reliably predict when and where it is likely to be out of coverage.

Proposal 2: The UE informs the network when it expects to be out of coverage in all RRC states.

Proposal 3: Once the UE is out-of-coverage, it is up to UE implementation to detect when it is back in coverage and establish an RRC connection with the network.

Proposal 4: Time permitting, RAN2 can specify assistance information that the UE can provide to enable the network to predict when and where the UE will be back in coverage.

Proposal 5: Once RAN instructs the UE to release the RRC connection on receipt of out-of-coverage indication as per Proposal 1, RAN should consider the UE unreachable (e.g., for paging purposes) till such time as the UE establishes an RRC connection (as per Proposal 2).

Proposal 6: The MUSIM mechanism for graceful exit can be simplified and adapted for the IoT NTN feature to allow the UE to inform the network that it is going out of coverage.

Proposal 7: The network should be able to configure conditions (e.g., location and/or time) under which the UE can request its RRC state to be released.
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