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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].



	In Release 17, a work item is carried out to enable NB-IoT and eMTC to support Non-Terrestrial Networks (NTN) under the following assumptions:
· Transparent payload based GEO and NGSO network scenarios addressing at least 3GPP power class 3 UE with GNSS capability in both Earth fixed &/or moving cell configurations.
As part of release 18, a new work item is proposed to define further enhancements for NB-IoT NTN and eMTC NTN in order to:
· Improve mobility aspects
· Improve performance in terms of throughput
· Optimize the GNSS operation with sparse use of GNSS and power efficiency for long-term connection (compared to Rel-17)
· Further enhance support for discontinuous coverage 
NOTE:    It is expected a UE can move while under discontinuous coverage.


It is important to note that the justification covers the fact that a UE may move while under discontinuous coverage.
In this contribution, we provide our view on potential enhancements for discontinuous coverage.
2	Discussion
2.1 SA2 study outcome
At SA#98e the SA2 study FS_5GSAT_Ph2 was concluded. The outcome is document in TR 23.700-28 [2] and defines the system behaviour as follows:
	Principles of system behaviour:
-	NTN MEO/LEO satellite or satellite constellation that provides discontinuous coverage is considered as the satellite access in 5GS and EPS for the power saving enhancement and UE unreachability period can be provided to both the UE and AMF/MME.
-	UE unreachability period provided to the UE and/or AMF/MME shall include either timing information when UE moves out/in of NTN coverage or information on satellite coverage at current and potential future locations of the UE.
-	Both network centric and UE centric procedures are used to determine and coordinate the UE unreachability period. These two approaches are not mutually exclusive, they serve different use cases and they can co-exist in the same network. In Network centric procedure, the AMF/MME determines the PSM parameters taking into account the UE unreachability period. In UE centric procedure, the UE informs the network about UE determined UE unreachability period and/or an indication when leaving/entering coverage.


Thus, the core network (AMF/MME) and/or UE is responsible for determining the “unreachability period”, which corresponds to the time the UE is in discontinuous coverage. The exchange and negotiation of such “unreachability period(s)” rely on higher layer signalling and is thus out of scope for RAN2. 
Observation 1: The signalling of unreachability periods is out of RAN2’s scope.
The report defines the following UE aspects:
	Regarding which information UE has and how UE retrieves it:
-	If possible, accurate UE coverage information is shared with UE, i.e. UE coverage information received from the network with enhanced solution compared to Rel-17.
-	Satellite coverage data may be transferred to a UE from an external server or an AF.
-	Following Rel-17, the UE has satellite assistance information for predication of discontinuous coverage from RAN broadcasts.
Editor's note:	LS need to have feedback from CT1 on whether UP or NAS via an AMF/MME (CP) will be used for the transfer depends on the discussion.
Regarding the role of the UE:
-	The capability for the UE to be able to determine requested NAS timer values and MICO/PSM parameters based on its predicted UE unreachability periods needs to be specified. A UE that uses power saving initiates a NAS procedure, with sufficient time to complete the NAS procedure before the start of the unreachability period, and negotiates timer values and power saving parameters with AMF/MME as per existing specifications.


Based on the SA2 conclusions, the UE must have satellite assistance information to predict the discontinuous coverage and a capability to predict unreachability periods and determine the related timers & parameters. The satellite assistance information can be provided as RAN broadcast, which was already specified via SIB32 in release 17 or as a direct data transfer from an application function or external server.
Observation 2: SA2 conclusions require the UE has satellite assistance information to predict the discontinuous coverage.
Observation 3: SA2 conclusions require a UE capability to predict unreachability periods and determining of related timers & parameters.
2.2 Satellite assistance information
In release 17 it was agreed that SIB32 provides satellite assistance information for up to 4 satellites. This enables the UE predicts (4) future coverage windows, while in discontinuous coverage, because the satellite assistance information defines the satellite ephemeris and radio coverage (footprint) information. The information is limited to 4 satellites due to the limited system information transport block size, which for NB-IoT is 680 bits.
As noted in the introduction, the UE may move while in the discontinuous coverage scenario. The SA2 also discussed this aspect and concluded the following:
	[bookmark: _Hlk127351973]-	AMF/MME obtains UE unreachability period information (timing information when UE moves out/in of NTN coverage) from an AF via the NEF/SCEF, from the UE or from OAM. The AMF/MME also takes into account UE location/mobility/trajectory information.


In some scenarios, the UE may also be aware of this location/mobility/trajectory information. Such information may enable the UE to determine that the information provided in SIB32 is not relevant for the future location(s) of the UE. Therefore, the UE may be forced to read additional future SIB32s to eventually receive the satellite assistance information, which fits the time & location where the UE expects to be active again.
Observation 4: UE may determine that the SIB32 satellite assistance information is not relevant for the future location(s) of the UE. 
This issue can either be addressed by the network providing additional broadcast information or via dedicated RRC signalling of additional satellite assistance information to the UE. 
At RAN2#121 the following was agreed:
	RAN2 can continue to check whether dedicated RRC signalling can be used for providing satellite information corresponding to discontinuous coverage.


In our view, the dedicated RRC signalling is beneficial if the UE remains within the coverage area but is not expecting to communicate before the coverage provided by the 4 satellites, defined by SIB32, have passed. For example, if the 4 satellites define 4 coverage windows within the next 4 hours, but the UE is aware that it will only trigger uplink data every 12 hours, it will be a waste of UE energy to receive multiple SIB32 versions until satellite assistance information for the right coverage window is received. By use of dedicated RRC signalling, the network could provide the satellite assistance information, which would suit the UE’s traffic profile.
Proposal 1: RAN2 to discuss the provisioning of additional satellites’ ephemeris via dedicated RRC signalling.
The SIB32 defines up to 4 target satellites’ ephemeris and footprint information. The footprint information can be given as elevation angles or radius for an earth-moving cell and as a reference point and radius for a quasi-earth fixed cell. The footprint information enables the UE to determine the approximate start and end of radio coverage from the satellite, which can e.g. be used to estimate the unreachability period. 
The understanding of when coverage ends is also useful for the current serving cell (and satellite). For the quasi-earth fixed cell, the t-Service parameter of SIB3 provides such an indication, while there is no indication of elevation angles or radius for the earth-moving cell in SIB31 or elsewhere. 
Observation 5: The SIB does not provide information, which enables the UE to estimate the end of coverage, for the serving cell in the discontinuous coverage scenario.
One solution would be to include the serving satellite as one of the 4 in the SIB32, but it seems like a waste of resources to duplicate ephemeris (although not exactly the same format) in both SIB31 and SIB32. In some scenarios, the UE may be able to use previously acquired SIB31 information when the serving cell was not the serving cell and thus part of SIB32, but it is not a reliable solution, because not all UEs will have the old SIB31 information.
Therefore, an alternative could be to include the elevation angles or radius information, based on the SIB32 definitions, in the SIB31 as an optional element, which is only potentially added in the discontinuous coverage scenario.
Proposal 2: RAN2 to include footprint information for the earth-moving cell in discontinuous coverage as an optional field in SIB31.
2.3 Paging during discontinuous coverage
At RAN2#121 the following was agreed:
	RAN2 will support enhancements in paging and eDRX, in alignment with the work in SA2 and CT1. FFS on the details


According to the SA2 work, the UE and the core network (MME/AMF) will agree on the UE unreachability period and therefore the PSM configuration (T3412 and T3324) can be adjusted accordingly. Specifically, the active timer (T3324) can be aligned with the period where there is radio coverage, while the periodic Tracking Area Update (TAU) timer T3412 shall be aligned with periodicity of the unreachability periods. It is SA2 responsibility to ensure the timers can be configured with the appropriate granularity.
Observation 6: The UE unreachability period can be used to configure the PSM. SA2 is responsible for ensuring the PSM timers T3412 and T3324 has the appropriate granularity.
One enhancement could be to define that the UE does not send the periodic TAU at the expiry of T3412, when in discontinuous coverage, but only use it to control the PSM i.e. the sleep mode.
One approach to using DRX/eDRX could be to combine it with PSM such that the UE only applies DRX/eDRX during the period, where there is radio coverage, i.e. during the T3324. Alternatively, the eDRX periodicity can be aligned with the periodicity of the unreachability periods (similar to the proposed alignment of T3412), such that the corresponding Paging Time Window occurs during the period, where there is radio coverage. Therefore, it is not clear why eDRX or PTW would need enhancements in terms of the basic time configuration.
The three different options (A for alignment of PSM, B for alignment of PSM with eDRX during the T3324, and C for alignment of eDRX) are illustrated in Figure 1.
[image: ]
[bookmark: _Ref130977483]Figure 1 Examples of fitting PSM and eDRX to the coverage availability.
Proposal 3: The PSM and eDRX configurations can be configured to align with the estimated UE unreachability period
For coverage window/unreachability period prediction by the UE, a key issue is the inaccuracy of the simple orbital predictors deployed in some UEs. If the UE makes an erroneous estimate of the coverage it means it will wake up to monitor for paging when there is no radio coverage available.  
Another reason for UE failure in monitoring for paging is that the coverage may change due to UE movement. The NTN IoT WID also list this potential UE movement in the note, mentioned in the introduction of this contribution. When the UE moves it may result in the coverage window/reachability period, which was predicted and communicated with the network, no longer is valid. This is especially likely in the discontinuous coverage scenario, where the time between coverage opportunities can be multiple hours  [3], allowing even a rather slow-moving UE to move a significant distance. 
[bookmark: _Hlk131079286]Observation 8: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window/unreachability period.
The misalignment of the estimated coverage window/unreachability period and the paging monitoring window is a challenging problem to solve, but it is important, because it can result in high UE energy consumption due to futile PDCCH monitoring and high NW signalling overhead, because of paging escalation. There may be approaches on both UE and network sides to address the issue. For example, the network can extend the paging attempt a few paging cycles before/after the coverage window if the UE does not respond to paging within the coverage window. 
Proposal 4: Network can extend the paging before/after the coverage window if the UE does not respond to paging within the estimated coverage window.
Likewise, the UE may extend the monitoring for paging outside the estimated coverage window, if the UE determines radio coverage is available. If the UE identifies a shift of the window, it could notify the network to realign the paging window and the coverage window. 
Proposal 5: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. UE may report to the network to realign the paging monitoring and coverage windows.
In both TN and NTN, the paging scheme is based on knowledge of which Tracking Area (TA) the UE is located in. In many implementations, the network will first attempt to page in the last known cell and if there is no UE response, attempt paging in the TA. In NTN the TA may be very large due to the large cells and thus the network may be hesitant to perform such a TA-wide paging. This is problematic when a moving UE remains within the same TA. If the UE had moved outside the TA, it would have to perform a TA update to inform the network, but when the UE remains within the TA the network will not be aware about the UE movement. This could result in the network attempting to page the UE in a coverage window, which UE and network previously agreed on, but due to the UE movement, the UE may have been in coverage earlier in the same TA. In the discontinuous coverage scenario, this may result in the paging (with escalation) being postponed to the next time a satellite provides coverage to the same TA. The scenario is illustrated in Figure 1. According to the SA2 conclusions, the determining of the reachability periods (coverage windows) shall take into account UE location/mobility/trajectory information, but such information may not always be available or be accurate.
Observation 9: UE movement within the same TA may result in failed and delayed paging if the UE is in coverage during a different reachability period than the one agreed with the core network.
[image: ]
[bookmark: _Ref127351770]Figure 2 UE movement caused the relevant coverage window to shift from A of cell 1 to B of cell 2.
Proposal 6: RAN2 to discuss how to handle UE movement within the same TA during discontinuous coverage. 
2.4 Cell search while in discontinuous coverage
Based on the simulation results, previously presented in [3], the satellite availability can be in the range of a few seconds to 5-9 minutes. Furthermore, it was observed that the durations between satellite availability can be divided into distinct groups. For example, in constellation C 70-80 % of the durations are about 30 minutes, while the remaining durations are at least 2 hours. The most evenly distributed constellation is D, where around 55 % of the durations are 3/4 of an hour and the remaining is 1.5 hours.
For the stationary device, it may be possible to perform a fairly accurate prediction of the next satellite(s), but for a moving UE or a UE, which has performed a cold start (i.e. initial connection), this could be challenging. Being aware of the satellite availability and the durations between availability could help the UE configuring the back-off timer, i.e. the time to disable cell reselection measurements. The information could be given as cell availability time based on estimates as provided in [3]. Such basic coverage information for a constellation could be broadcasted or pre-loaded in the UEs to enable the moving and cold start UEs to determine a reasonable cell search and reselection measurement period. This would enhance the energy saving potential while a UE is in discontinuous coverage.
Proposal 7: RAN2 to consider provisioning cell availability information to enable moving and cold start UEs to determine cell search and reselection measurement period(s) to enhance energy saving potential.
2.5 RRC Connected UEs in discontinuous coverage
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)



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 request to release the RRC connection prior to actual RLF event to inform the NW about the RRC connection release. This may lead to release of RRC connection earlier that actual RLF situation. If the early release is to be avoided the UE can implicitly release on RLF but the NW should also 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.
Proposal 8: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.
In addition to mobility management the SA2 report also considered UE power saving. The work was targeting 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 behaviour 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.
Proposal 9: RAN2 to discuss UE behaviour when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
3	Conclusion
This document has made the following observations:
On the scope of RAN2 work 
Observation 1: The signalling of unreachability periods is out of RAN2’s scope.
Observation 2: SA2 conclusions require the UE has satellite assistance information to predict the discontinuous coverage.
Observation 3: SA2 conclusions require a UE capability to predict unreachability periods and determining of related timers & parameters.
Assistance Information for DC related enhancements
Observation 4: UE may determine that the SIB32 satellite assistance information is not relevant for the future location(s) of the UE. 
Proposal 1: RAN2 to discuss the provisioning of additional satellites’ ephemeris via dedicated RRC signalling.
Observation 5: The SIB does not provide information, which enables the UE to estimate the end of coverage, for the serving cell in the discontinuous coverage scenario.
Proposal 2: RAN2 to include footprint information for the earth-moving cell in discontinuous coverage as an optional field in SIB31.
Idle mode functionality impacts for DC related enhancements
	Observation 6: The UE unreachability period can be used to configure the PSM. SA2 is responsible for ensuring the PSM timers T3412 and T3324 has the appropriate granularity.
Proposal 3: The PSM and eDRX configurations can be configured to align with the estimated UE unreachability period
Observation 8: UE prediction error and UE movement may result in misalignment of the paging window and the coverage window/unreachability period.
Proposal 4: Network can extend the paging before/after the coverage window if the UE does not respond to paging within the estimated coverage window.
Proposal 5: UE can extend the paging monitoring outside the estimated coverage window if radio coverage is available. UE may report to the network to realign the paging monitoring and coverage windows.
Observation 9: UE movement within the same TA may result in failed and delayed paging if the UE is in coverage during a different reachability period than the one agreed with the core network.
Proposal 6: RAN2 to discuss how to handle UE movement within the same TA during discontinuous coverage. 
Proposal 7: RAN2 to consider provisioning cell availability information to enable moving and cold start UEs to determine cell search and reselection measurement period(s) to enhance energy-saving potential.
Connected mode functionality impacts for DC related enhancements
Proposal 8: RAN2 to discuss support for UE request for RRC connection release based on DC estimation. FFS support for implicit RRC connection release.
Proposal 9: RAN2 to discuss UE behaviour when the UE has limited remaining GNSS validity duration and the remaining discontinuous coverage time is also short.
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