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1	Introduction
In the Rel-18 WID [1], there is an objective to further enhance the support 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].



The following are the main remaining issues to be addressed for the WID.
· Whether to capture a note in RRC about “UE may directly go to RRC_IDLE after RLF is triggered, if there is not   enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage”
· Additional satellite information for UE
· Autonomous RRC Release

In addition to the above issues, some further enhancements for paging related to UE mobility scenarios in discontinuous coverage also requires further discussion. In this discussion paper we further analysed the above issues.
2	Discussion
[bookmark: _Hlk134785786]2.1  DC Enhancements for connected mode operation 
At RAN2#121 the following was agreed:
	RAN2 may consider enhancements for connected UE upon detecting discontinuous coverage (e.g., suspend RLM, RLF detection, and RRC re-establishment process)


At RAN2#121bis it was further agreed:
	Agreements via email – from offline 115:
1.	RAN2 will not introduce any enhancement to allow a UE in RRC Connected to stay in RRC_CONNECTED during/after a coverage gap (e.g. suspend RLM/RLF, activation time in RRC Reconfiguration, CHO enhancement)

Agreements online:
1.	RAN2 to introduce enhancement to RRC Release using one of the following options (FFS which one):
	-	Explicit RRC Release using a new RRC Release cause
	-	UE Autonomous release (e.g. timer based or upon detection of coverage gap)



If the UE knows the discontinuity in coverage when it is in connected mode, the UE may decide to release the RRC connection instead of triggering the re-establishment procedure. To avoid the mismatch in the state of the RRC connection the UE may trigger a request to release the RRC connection prior to the actual RLF event to inform the NW about the RRC connection release. This may lead to release of the RRC connection earlier than the actual RLF situation. If the early release is to be avoided the UE can implicitly release on RLF but the NW should also be aware of this UE behaviour so that it can decide to locally release the UE context based on its DC estimation and also the data transmission status and latest reported radio-conditions.
[bookmark: _Hlk149895099][bookmark: _Hlk134785821]Proposal 1: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.
In RAN2-123, the following agreement was made related to UE behavior on RLF declaration when it has knowledge on discontinuous coverage.
Agreements:
RAN2 understands that UE may directly go to RRC_IDLE after RLF is triggered, if there is not enough time for the UE to finish the procedure of RRC re-establishment due to the discontinuous coverage (FFS whether this needs to be captured in the specs, e.g. a NOTE)

The UE may consider multiple factors into account before triggering re-establishment when it knows that the discontinuity in coverage is about to start. The time to complete re-establishment and also the active time it has after re-establishment to complete the pending transmissions.  So the decision to whether to trigger re-establishment or go to RRC-IDLE can be left to UE implementation without specification changes and also any NOTE in the specification.
[bookmark: _Hlk149895108][bookmark: _Hlk134785831]Proposal 2 : Leave the decision on whether the UE initiates connection (re-) establishment to the UE implementation when the remaining time in the current cell during discontinuous coverage is insufficient to complete a new connection establishment procedure
In addition to mobility management, the SA2 report also considered UE power saving. The work targeted the configuration of PSM and eDRX to avoid cell search when there is no coverage. However, in release 18 the RAN1 and RAN2 are also specifying GNSS measurements during long connections, e.g. by use of network or UE-triggered GNSS measurement gaps. Such GNSS measurements consume energy and prohibit 3GPP communication, while they are ongoing, and thus their interaction with the discontinuous coverage UE behavior can be examined to improve UE power saving. 
Based on the SIB3, SIB31 and SIB32 the UE can estimate that the remaining coverage time of a cell or satellite is short. If the remaining GNSS validity duration is even shorter, the question is whether the UE shall attempt to reacquire the GNSS position fix or not, because there will be limited time in which the UE can benefit from the new GNSS validity duration. We think it will be beneficial for RAN2 to discuss this issue, because avoiding a GNSS measurement when there is limited remaining coverage time can improve the battery life of the UE. Furthermore, the remaining time can also be used to communicate with the cell if the GNSS validity duration has not expired yet.
[bookmark: _Hlk149895120][bookmark: _Hlk134785839]Proposal 3: RAN2 to discuss UE behavior when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
2.2 Enhancements for Discontinuous Coverage Satellite Assistance Information
RAN2 has previously discussed in RAN2 #121 and #121bis whether dedicated RRC signaling can be used for providing satellite information for the discontinuous coverage scenario. The SIB32 contains assistance information on up to 4 satellites, but depending on the UE mobility and traffic profile the information may not be relevant. For example, the SIB32 may inform about satellites arriving within the next 6 hours, while the UE is not expecting to transmit before 8 hours has passed. In this scenario, the UE could request information about the expected coverage availability 8 hours from now, and the network could provide such satellite assistance information in dedicated RRC.
[bookmark: _Hlk149895133]Proposal 4: RAN2 to discuss whether UE can request, and network can provide satellite assistance information, via dedicated RRC, which includes satellite(s) not currently part of the SIB32.
2.3  Remaining issues for idle mode and paging reception (Srinivasan)
RAN2 has send an LS to SA2 (R2-2309283). The response is not received yet, but in our view it is clear that the SA2 method where the UE and/or network estimates the unreachability period for the UE is a valid solution to handle paging during discontinuous coverage. This is evident from TS 23.401, which defines how the unreachability period is negotiated after which the MME configures timers including eDRX and PSM.
	[bookmark: _Toc145933578]4.13.8.2	Mobility Management and UE Power Saving Optimization
For satellite access that provides discontinuous network coverage, and in case both the UE and the network support Enhanced Discontinuous Coverage, then the Mobility Management and UE Power Saving Optimization functionality may be used.
If both the UE and the network indicate support for "Enhanced Discontinuous Coverage Support" and if the UE determines it will lose coverage and will become unavailable, and decides to remain in no service during that time, then:
-	The UE may be able to determine, including considering current and expected future locations of the UE, a Start of Unavailability Period and/or Unavailability Period Duration for when it expects to be out of coverage.
NOTE 1:	A UE, based on implementation, can combine successive periods of no satellite coverage into a single continuous period that is notified to the network if the UE does not require network access during this period.
NOTE 2:	UE informing the network of coverage gaps would increase signalling and UE power consumption if coverage gaps are more frequent than UE's communication period.
-	The UE triggers a TAU procedure and includes an indication of upcoming loss of coverage in the TAU Request message to the MME. If the UE is able to determine a Start of Unavailability Period and/or Unavailability Period Duration it also includes them in the TAU Request message.
-	The UE should trigger the TAU procedure early enough such that the procedure, under normal conditions, is able to complete before the start of the unavailability period.
-	The UE and the MME re-negotiate unavailability at every TAU procedure, if it is required. If Start of Unavailability Period and/or Unavailability Period Duration is not included in a TAU Request message any pending loss of coverage configuration stored in the UE context at MME is discarded.
-	If the UE determines an upcoming loss of coverage to the network no longer applies or determines a new Start of Unavailability Period or Unavailability Period Duration related to the upcoming loss of coverage, the UE sends a new TAU Request to the MME to update the Start of Unavailabililty Period and/or Unavailability Period Duration.
Upon receiving a TAU Request message from the UE including an indication of upcoming loss of coverage:
-	If the UE did not include a Start of Unavailability Period, the MME considers implicitly the Start of Unavailability Period to be the time at which it has received the TAU Request message from the UE. If the UE included a Start of Unavailability Period, the Start of Unavailability Period indicates the time at which the UE determines it expects to lose coverage, i.e. time until which the UE determines it is available.
-	The MME may determine, if not provided by the UE, or update the Unavailability Period Duration.
	If the MME knows an Unavailability Period Duration (e.g. based on information available to the MME as described in clause 4.13.8.4) for the UE, and the UE not include an Unavailability Period Duration or included an Unavailability Period Duration different to the Unavailability Period Duration known to the MME, the MME may use either the Unavailability Period Duration known to the MME or the Unavailability Period Duration from the UE as the Unavailability Period Duration. The MME should include the Unavailability Period Duration known to the MME in the TAU Accept. How the UE treats the MME provided Unavailability Period Duration is up to UE implementation e.g. to help to determine when to return to coverage after a discontinuous coverage period, whether to listen to paging in eDRX, not to initiate any NAS signalling (including Service Request for MO data) within the discontinuous coverage period in case of any UL signalling/data request or the UE may deactivate its Access Stratum functions for satellite access in order to optimise power consumption until coverage returns, etc.
	The MME indicates to the UE in the Attach Accept or TAU Accept whether the UE is not required to perform a TAU procedure when the unavailability period has ended.
-	The MME stores the information that the UE is unavailable at the Start of Unavailability Period in the UE context, and considers the UE is unreachable from then until the UE enters ECM_CONNECTED state.
If the UE requests power saving features the MME uses procedures defined in other clauses to provide the UE with timers (e.g. periodic TAU timer, extended idle mode DRX (see clause 5.13a), and PSM mode configuration (see clause 4.3.22)), and may also consider the Unavailability Period Duration (if available) and Start of Unavailability Period (if available).



[bookmark: _Hlk149895147]Observation 1: The SA2 method to define UE and network negotiates the unreachability period based on which the eDRX and PSM is configured is a valid solution to paging in discontinuous coverage.
Proposal 5: There is no need for RAN2 to define paging enhancements for discontinuous coverage.

3	Conclusion
We make following proposals and observations based on the our analysis in the above sections.
Proposal 1: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.
Proposal 2 : Leave the decision on whether the UE initiates connection (re-) establishment to the UE implementation when the remaining time in the current cell during discontinuous coverage is insufficient to complete a new connection establishment procedure
Proposal 3: RAN2 to discuss UE behavior when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
Proposal 4: RAN2 to discuss whether UE can request, and network can provide satellite assistance information, via dedicated RRC, which includes satellite(s) not currently part of the SIB32.
Observation 1: The SA2 method to define UE and network negotiates the unreachability period based on which the eDRX and PSM is configured is a valid solution to paging in discontinuous coverage.
Proposal 5: There is no need for RAN2 to define paging enhancements for discontinuous coverage.
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