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Introduction
In the latest IoT NTN WID RP-223519 [1], the objective of further enhancement to discontinuous coverage is listed below:
-	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].
For enhancements on discontinuous coverage, SA2 has finished their study on Integration of satellite components in the 5G architecture (Phase 2) and 23 solutions have been adopted in the TR 23.700-28 V18.0.0 [2]. Under the new WID proposed in SA2#154AH meeting [3], SA2 has already started the normative work from SA2#154AH meeting on January, 2023. Meanwhile, RAN3 has had initial discussion on the RAN3 impacts of some solutions.
In RAN2#121 meeting, RAN2 has had initial discussion on this topic and the following agreements have been achieved:
	Agreements:
1. RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.
2. RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details
3. RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)
4. Companies supporting the store and forward approach can bring a proposal to the plenary for TEI18 or for updating the WID


In this document, we will further discuss the possible RAN2 impacts which are from some of SA2 solutions on mobility management enhancements and power saving enhancements for discontinuous coverage.
Discussion
Potential RAN2 impacts for idle mode UEs
In R17 IoT NTN, due to the limited time, we have done very little specification work on UE behavior during discontinuous coverage. In R18, more enhancements need to be specified. From RAN2 perspective, we understand that SA2 has discussed the enhancements in the following aspects for idle mode UEs:
· The existing PSM, eDRX or MICO procedures would be re-used to cause the MME/AMF to treat the UE as unavailable during periods of no coverage. The MME/AMF don’t need to distinguish whether the UE requests PSM or eDRX related parameters for reason of out of coverage or just for power saving. Either UE or core network nodes can determine these parameters.
· In order that UE or core network nodes can determine the PSM or eDRX related parameters as accurately as possible, the concept of UE out-of-coverage period or unreachability period need to be taken into account. We understand this means UE and core network nodes should firstly try to keep a consistent understanding/prediction on the start and stop of the out-of-coverage.
· Either UE or core network nodes can determine such UE out-of-coverage period or unreachability period based on the information they can obtain, e.g., satellite coverage information (satellite constellation, satellite orbit data etc.) and/or UE location/mobility/trajectory information etc. The determined out-of-coverage period or unreachability period information also needs to be notified to the peer node (e.g., via NAS signalling), In most of the solutions, there is no need of RAN node involvement.
· During the out-of-coverage period, the network knows the UE coverage and therefore can avoid paging the UE. When there is available network coverage, the UE can wake up according to the eDRX/PSM parameters and the network can page the UE as usual. There are some enhancements for paging, for example, enhancement on the paging area. SA2 has specified that AMF requests RAN to report UE location (e.g., at or before the AN release due to the discontinuous coverage). And after back to coverage, AMF will page the UE firstly with the UE location as received before AN release. 
Observation 1: The PSM, eDRX or MICO schemes would be reused to support the discontinuous coverage.
Observation 2: For determining the PSM or eDRX related parameters as accurately as possible, the out-of-coverage period or unreachability period need to be taken into account. Either UE or core network nodes can determine the out-of-coverage period or unreachability period based on the information they can obtain. After determination, such unreachability period information also needs to be notified to the peer node (e.g., via NAS signaling).
Even no RAN impacts are identified about PSM or eDRX negotiation according to above observations, one issue about start of PTW is identified. In current RAN2 specifications for idle mode UE, the starting time of PTW is mainly determined by UE ID. That may make it not easy to align the time period of outside PTW with the out-of-coverage period or unreachability period. Therefore, it can be considered to introduce a configurable offset to shift the starting time of PTW. 
Proposal 1a: If legacy eDRX is used for keeping alignment between UE and NW during discontinuous coverage, in order to align the starting time of PTW with the out-of-coverage period or unreachability period, it’s suggested to introduce a configurable offset to shift the starting time of PTW. 
With observation 2, it can be seen that the out-of-coverage period or unreachability period at least would be shared between UE and core network nodes. If proposal 1 can be agreed, the RAN node also needs to know this out-of-coverage period or unreachability period so that it can shift the starting time of PTW to align with the unreachability period.
In RAN2#121 meeting, companies have had some discussion on whether UE should provide out-of-coverage information as an assistance to the network (gNB). Some companies think it’s no need to provide out-of-coverage information to RAN as the satellite coverage information is provided to UE by RAN itself. Per our understanding, satellite coverage information in SIB32 is cell-specific information while the out-of-coverage information here is UE-specific information. Therefore, even the SIB32 is provided by RAN, RAN cannot know the exact coverage information for a specific UE. Meanwhile, UE could obtain more information (may be from more than one SIB32 messages) to extract its own coverage related information and this information can also be negotiated with or provided to CN node during connected mode. Therefore, we assume the out-of-coverage period or unreachability period in UE or CN would be more accurate than the information evaluated by RAN itself.
Moreover, since what we are talking about is paging enhancements for UE in idle mode, it may be more suitable to let CN provide such out-of-coverage period or unreachability period to RAN along with sending paging message to RAN. If UE is required to provide this information to RAN, UE can only to provide it during last RRC connection, which may not be as timely as provided by the CN. So we prefer to let CN provide such information to RAN.
Proposal 1b: The out-of-coverage period or unreachability period should be informed to RAN, e.g., from core network node, to assist RAN to provide a more appropriate paging schedule for UE in idle mode.
Furthermore, we understand similar issue may also exist for T3412 in PSM if PSM is used for keeping alignment between UE and NW during discontinuous coverage. This can be handled by UE and core network nodes.
Potential RAN2 enhancements for connected mode UEs
In some SA2 solutions [2], for example, Solution #1, it mentions that when a connected mode UE detects it is about to leave network coverage, it may use an existing AS procedures to request release from RRC_CONNECTED. Meanwhile, another possible way is that, if the RAN detects that the UE in CM-CONNECTED is about to be out of network coverage based on the coverage information or if it receives the release request, the (R)AN may trigger the AN release procedure to move UE into CM-IDLE state before entering the non-coverage area. Accordingly, RAN3 has introduced a new cause value for indicating the UE context release due to discontinuous coverage.
From RAN2 perspective, when such RRC release procedure is triggered by eNB, it can be seen as a passive RRC release which is already allowed by eNB implementation. With the new-introduced release cause, NW nodes can also be aware of the real reason for such release. However, following legacy release procedure in Uu interface, UE cannot know whether this release is a normal release or a special one due to that coverage is about to stop. On one hand, when UE back to idle, AS layer in UE may still perform the normal processes, e.g, paging monitoring or measurement. On the other hand, NAS may trigger another connection setup procedure if it keeps receiving the data from application layer (this may be highly possible as the connection is just interrupted by NW). In the case of discontinuous coverage, it’s obvious these AS or NAS layer processes are useless as the current coverage is coming to an end soon. 
Therefore, in order to avoid UE’s attempt for any legacy AS or NAS layer processes after it was deliberately released by the network due to discontinuous coverage, it’s needed to let eNB indicate a special release reason to UE in RRC release message, e.g., a same reason ‘Release due to discontinuous coverage’ as that introduced in RAN3. Based on this new release reason, UE could stop the subsequent AS layer processes for power saving after back to idle mode.
Proposal 2a: A new release reason, e.g., ‘Release due to discontinuous coverage’ as that introduced in RAN3, can be introduced in RRC release message for indicating UE to stop the subsequent AS layer processes after it is released to idle mode.
Moreover, as this new release reason can only be received by AS layer, in order to also stop the procedures which possibly occur in NAS layer, an AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced.
Proposal 2b: An AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced for indicating UE to stop the subsequent NAS layer processes after it is released to idle mode due to discontinuous coverage.
For stopping NAS layer processes, another legacy way can also be considered, e.g., eNB could implicitly indicate to UE the duration of coverage discontinuity via the legacy IE extendedWaitTime. However, the current value of the wait time may be not enough to match the duration of out-of-coverage period, for example, extendedWaitTime-r10 can be INTEGER (1..1800). So RAN2 needs to discuss whether and how to extend the value of wait time.
[bookmark: OLE_LINK2]Proposal 2c: The legacy IE extendedWaitTime can be reused to stop the subsequent NAS layer processes after UE is released to idle mode due to discontinuous coverage. The extension to the value range of extendedWaitTime needs to be discussed. 
As mentioned in the discussion for proposal 1, in last RAN2 meeting, companies have had some discussion on whether UE should provide out-of-coverage information as an assistance to the network (gNB). At that time, some companies think such provision may be beneficial and the main purpose of indicating out-of-coverage time to RAN could be for triggering a graceful connection release, especially in earth-moving case. We also agree with this analysis and generally think both UE and core network are the possible nodes to provide this information to RAN node. However, considering this specific case where UE is in a connected mode, it would be more suitable to let UE report out-of-coverage information to RAN, e.g., during initial access or after moving to connected mode. In the case of UE in connected mode, we assume UE could obtain more information and also easier to report such information than CN node.
Proposal 2d: The UE in connected mode could provide out-of-coverage period or unreachability period information as an assistance to the network (eNB). 
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1: The PSM, eDRX or MICO schemes would be reused to support the discontinuous coverage.
Observation 2: For determining the PSM or eDRX related parameters as accurately as possible, the out-of-coverage period or unreachability period need to be taken into account. Either UE or core network nodes can determine the out-of-coverage period or unreachability period based on the information they can obtain. After determination, such unreachability period information also needs to be notified to the peer node (e.g., via NAS signaling).
Proposal 1a: If legacy eDRX is used for keeping alignment between UE and NW during discontinuous coverage, in order to align the starting time of PTW with the out-of-coverage period or unreachability period, it’s suggested to introduce a configurable offset to shift the starting time of PTW. 
Proposal 1b: The out-of-coverage period or unreachability period should be informed to RAN, e.g., from core network node, to assist RAN to provide a more appropriate paging schedule for UE in idle mode.

Proposal 2a: A new release reason, e.g., ‘Release due to discontinuous coverage’ as that introduced in RAN3, can be introduced in RRC release message for indicating UE to stop the subsequent AS layer processes after it is released to idle mode.
Proposal 2b: An AS-NAS interaction (e.g., an indication from AS to NAS) also needs to be introduced for indicating UE to stop the subsequent NAS layer processes after it is released to idle mode due to discontinuous coverage.
Proposal 2c: The legacy IE extendedWaitTime can be reused to stop the subsequent NAS layer processes after UE is released to idle mode due to discontinuous coverage. The extension to the value range of extendedWaitTime needs to be discussed. 
Proposal 2d: The UE in connected mode could provide out-of-coverage period or unreachability period information as an assistance to the network (eNB).
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