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1. Introduction
There are ENs remaining in 23.501, and this discussion proposes resolutions for the following ones:
Editor's Note: Whether the definition of Satellite coverage availability information applies only to information provisioned to the AMF or both to UE and AMF is FFS.
Editor's Note:	Which RAT Types these procedures are applied to is to be determined.
Editor’s note: Capability negotiation between UE and network for the features introduced for discontinuous network coverage for satellite access is FFS. 
Editor’s note: It is FFS whether the UE can also indicate how long it will be available before the unavailability period starts. 
Editor’s note: Whether Support of Unavailability Period (clause 5.4.1.4) can be used directly without updates is to be determined.
Editor's Note: How the procedure of UE sending out-of-coverage period will be affected if the Satellite coverage availability information that is sent to the UE is not standardised is FFS. 
Editor’s note: It is FFS whether the AMF can provide an expected unavailability duration in the Registration Accept also if the UE provided an out-of-coverage time the Registration Request. 
Editor's Note: Whether the protocol used over the user plane between the UE and the external server to provide the satellite coverage availability information is standardised or not is FFS. 
Editor's Note: Whether the format of the Satellite coverage availability information provisioned to UE will be standardised or not is FFS. 
The 23.401 CR was not completed at SA#155, but there was additionally the following EN was proposed for 23.401:
Editor’s Note: How the UE uses satellite coverage availability information and satellite assistance information for prediction of discontinuous coverage provided in SIB32 is to be determined.
We examine each of the ENs and propose appropriate resolutions.
2. Discussion
2.1	RAT Types
Editor's Note:	Which RAT Types these procedures are applied to is to be determined.
This EN is present in 23.501 and has been proposed in the 23.401 CR.
Which RAT types will depend upon the system. For 5GS the only RAT that can use the discontinuous coverage enhancements is NR using satellite access. For EPS only the RATs which are listed in TS 23.401 clause 4.1 i.e. NB-IoT satellite RAT types and WB-E-UTRAN satellite RAT types.
Proposal: The RAT types supported are NR satellite for 5GS, and the existing NB-IoT satellite RATs and WB-E-UTRAN satellite RATs for EPS.
2.2	Capability Negotiation
Editor’s note: Capability negotiation between UE and network for the features introduced for discontinuous network coverage for satellite access is FFS. 
The main question around this EN is whether each feature gets its own capability, or whether we can combine all the features together into one capability. The features which could require a capability should be based on signalling and differences in behaviour from the norm aspects. The 2 added features, discontinuous coverage support including sharing of out-of-coverage times and associated signalling, and wait time, have signalling and behaviour impacts.
The main capability to support discontinuous coverage is clear, as the UE and the AMF may share wait times, along with the AMF/MME making requests to the UE to inform it when the UE leaves and re-enters coverage.
The wait time will depend upon how much of MINT can be reused without medication to expected behaviours or signalling. If MINT can be completely reused without modification or enhancement then there is no need for an extra capability. If it can’t then there may be a need for a capability.
However as the timer is to prevent overload due to lots of UEs returning to coverage, this feature is linked to supporting discontinuous coverage in the first place, so if the UE does not support discontinuous coverage then it should not support the wait time feature. It is intrinsically linked to discontinuous coverage so it should be assumed that at UE that supports discontinuous coverage also supports the wait time linked to it. Therefore, there is no need to have a separate feature control for it, which also helps to simplify the overall design.
Proposal: There is a single MM capability for both the support of discontinuous coverage and the associated wait timer.
2.3	Transfer of timing information
2.3.1 Overview
Editor’s note: It is FFS whether the UE can also indicate how long it will be available before the unavailability period starts. 
Editor’s note: Whether Support of Unavailability Period (clause 5.4.1.4) can be used directly without updates is to be determined.
Editor’s note: It is FFS whether the AMF can provide an expected unavailability duration in the Registration Accept also if the UE provided an out-of-coverage time the Registration Request.
All of these ENs have a relationship. If a start time is provided then Support of Unavailability Period will need updates. If there is no start time then reuse of an unmodified Support of Unavailability Period may still not be possible as the AMF will not be aware of the difference between a UE providing an Unavailability Period for the purpose of SUECR or discontinuous coverage, for example to provide the expected duration.
We re-order and take a look at each of these ENs in a more logical sequence.
2.3.2	Why provide a start time?	
The start time allows a UE sometime ahead of a discontinuous coverage period to let the AMF/MME know it will be out of coverage.
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Figure 2.3.2-1: Registration imminently before and after no coverage
As shown in Figure 2.3.2-1 that without a start time the UE is required to enter CM_CONNECTED just before a period of discontinuous coverage to tell the AMF/MME that it won’t be available. If the UE is in CM_IDLE, with no other traffic to send then this would mean that the UE has increased power consumption and the network has increased signalling load.
[image: ]Figure 2.3.2-2: Registration with start time
Figure 2.3.2-2 shows the difference that providing a start time can make. The UE can remain in idle until the no coverage period. The UE would be performing some signalling on entry to connected, but the service request that is usually performed is a Registration procedure instead.
This type of scenario of a UE always signalling entry/exit of discontinuous coverage was discussed in the TR phase and it was not a desirable way to operate the system all the time.
If the UE was using power saving features, such as MICO and/or eDRX while in coverage then the potential impact of a wake-up for this purpose is much higher, as the UE will have an additional resynchronisation with the network/cell search as well as perform an additional entry to CM_CONNECTED to perform the NAS signalling, both on entry and exit of discontinuous coverage.
Depending on the duration and timing of the out of coverage period, it might be reasonable expected that a UE using the power saving features would not need to wake for the out of coverage period anyway, for forcing a wake-up to say it is going out of coverage is very counterproductive.
[image: ]Figure 2.3.2-3: Registration with start time and power saving
Figure 2.3.2-3 shows an example of the combination of power saving functions and providing the start time and duration from the UE, which overall saves the signalling when the UE returns to coverge.
From the network side the additional load of signalling will be concentrated in time, much like the Wait Timers scenario for when a UE returns to coverage, without the network being able to provide suitable wait ranges to even out the peak loads. These peak loads have impacts to the amount of RACH resource, for example, which needs to be provisioned in RAN, along with the additional signalling load throughout the network.
Overall, it is better to provide a start time, as this permits the notification of going out of coverage to occur quite some time ahead of when it will actually happen, and the UE can remain reachable for the time until it tells the network it will leave coverage and for the duration it indicates it is out of coverage.
Proposal: The UE provides a start time to the CN for when it expects to leave coverage.

If the UE can provide a start time, then this opens the question of what to anchor the start time to. There are 2 primary possibilities, an absolute time, or an offset from an event, and the offset could be from the registration procedure or from the time when the UE moves to IDLE.
[image: ]Figure 2.3.2-4: Interaction with PTW/POs
Figure 2.3.2-4 shows how if the AMF knows the start time and no coverage period then it can consider this along with the timings of PTWs/PO, making it very similar to MICO/PSM/eDRX.
A UE that is using satellite access will support GNSS, and part of GNSS is time so a UE can determine an absolute time, however the EPS/5GS system does not usually handle absolute times.
Each of the 2 offsets have different properties. An offset from the registration procedure signalling can provide a more precise timing, as the anchor is fixed. An offset from moving to IDLE is much more aligned with the procedures that already exist, for example Active Time in MICO/PSM, but may not be as precise in terms of the start of the out of coverage period.
If the higher level of precision in not required, then using the time when the UE moves to IDLE is best aligned with the existing mechanisms and provides the least impacts to the system. The AMF can consider the start time in a similar way to the Active Time and, for example, take the minimum value of start time and active time when determining reachability.
Proposal: The UE signals a start time which is the duration from entering IDLE to when the UE moves out of coverage, as the lowest impact choice, taking the precision trade-off into account.
2.3.3	Is there a need to provide a duration back to the UE?
The UE can determine its out of coverage period and therefore only attempt to search for the discontinuous coverage RAT when it expects coverage to return.
However, it may be beneficial to the UE to additionally know when the CN will consider the UE for paging (i.e. reachable). If the UE does not have a need to enter CM_CONNECTED the moment it returns to coverage (considering back off timers), then it will not need to resynchronise to the network/cell search until it needs, potentially saving additional power.
Overall combined with a start time and a duration the UE can move into and out of discontinuous coverage without any additional signalling, making the operation have the least runtime impact as possible.
Proposal: The UE and AMF/MME may benefit and be able to make use of an expected duration, so it can be provided.
2.3.4	Can Unavailability Period be used without modification?
The above scenarios mean that a start time is useful and it is may also be useful to return the duration to the UE. 
Even without these additions, while may of the actions associated with the Unavailability Period are suitable, the timing of the release to IDLE so the UE can perform the action that triggered the request is not clear (i.e. the UE may be released immediately, even if there is traffic flowing, or the release may be delayed over running the start of a discontinuous coverage period, while traffic is flowing) leading to undesirable behaviour.
It is also noted that while the UE provides an unavailability period to the AMF, the UE is considered unreachable until the UE performs another registration procedure, therefore this unavailable period is nothing more than a flag to the AMF, while its value is then passed onto AFs if the relevant event subscriptions are active.
For EPS there is no clear definition of how this operates.
The Support of Unavailability Period additional includes options around deregistration and context storage, neither of which are required.
Overall it might be possible to reuse the stage 3 signalling, i.e. the IE for unavailable period can be used in 2 different scenarios, perhaps in one case just for SUECR with no other indications, or discontinuous coverage cases with additional indications. However, finally, this is really a stage 3 / CT1 choice for the signalling details.
Proposal: In the stage 2 specification SA2 considers the information required and leave it to stage 3 to determine the signalling / IEs used.
2.6	Satellite coverage availability information
2.6.1	Contents of Satellite coverage availability information
Editor's Note: Whether the definition of Satellite coverage availability information applies only to information provisioned to the AMF or both to UE and AMF is FFS.
Editor's Note: How the procedure of UE sending out-of-coverage period will be affected if the Satellite coverage availability information that is sent to the UE is not standardised is FFS. 
Editor's Note: Whether the protocol used over the user plane between the UE and the external server to provide the satellite coverage availability information is standardised or not is FFS. 
Editor's Note: Whether the format of the Satellite coverage availability information provisioned to UE will be standardised or not is FFS. 
There 4 ENs relate to the whether there will be a standardised way and format defined for the transfer of Satellite coverage availability information to the UE. 
Regardless of whether the format is specified or not, the definition describes what information is provided, how or the formats of the data that is provided. The definition can apply in all cases.
	[bookmark: _Hlk126933839]Satellite coverage availability information: this refers to location and time information related to expected coverage availability of satellite/satellite constellation that provides discontinuous coverage.



The second Editor’s Note refers to potential impacts to the procedures if the format is not specified. As described above the format is not relevant to the definition or use in TS 23.501. Clause 5.4.X.1, which contains this EN, already handles the cases where the UE is able to determine location and time information related to expected coverage availability or not and describes the procedures for each case.
If the format or information the UE obtains does not meet the definition, then it can be considered that the UE will take “If the UE is not able to determine its own UE out-of-coverage period…” path described.
There could be some concern about the resolution of the information the UE uses not being the same as the CN, which could lead to the requested parameters not matching what the CN expects and the CN attempting to correct them. This occurs in cases when the UE knowledge of its mobility which it may use in conjunction with satellite coverage availability information to determine “its own UE out-of-coverage period” signalled to the network, does not match the CNs expectation of mobility.
As the format, and even less so the protocol, used to transfer information are not directly relevant to the defined procedures, the final 2 ENs can be removed. If a protocol and format are defined, then it can be noted under alignment work, as no other changes would be required. SA2 does not need to mandate it in their specification, as the how the information is transferred is not related to how it is used.
Proposal: The ENs related to protocol and format for providing satellite coverage availability information are removed.
2.6.2	UE Usage of Coverage Information and SIB32
Editor’s Note: How the UE uses satellite coverage availability information and satellite assistance information for prediction of discontinuous coverage provided in SIB32 is to be determined.
As this information comes from outside of the CN/RAN directly to the UE, it cannot be considered a direct replacement for SIB32.
Therefore the information in SIB32 should have a higher priority and the coverage information provided to the UE can be used as an additional suggestion only to aid the UE in its IDLE mode operation.
It can also be seen than that SIB32 may provide a relative short term view of coverage, whereas the information provided from outside of the network may provide a longer term view, so both could be of use to the UE for different circumstances. Therefore a UE can use SIB32, if available, for immediate determination of coverage/cells and could use the over the top information in addition to SIB32 for, e.g. a longer term negotiation with the MME about discontinuous coverage.
3. Conclusion and proposal(s)
The following proposals are made:
Proposal: The RAT types supported are NR satellite for 5GS, and the existing NB-IoT satellite RATs and WB-E-UTRAN satellite RATs for EPS.
Proposal: There is a single MM capability for both the support of discontinuous coverage and the associated wait timer.
Proposal: The UE provides a start time to the CN for when it expects to leave coverage.
Proposal: The UE signals a start time which is the duration from entering IDLE to when the UE moves out of coverage, as the lowest impact choice, taking the precision trade-off into account.
Proposal: The UE and AMF/MME may benefit and be able to make use of an expected duration, so it can be provided.
Proposal: In the stage 2 specification SA2 considers the information required and leave it to stage 3 to determine the signalling / IEs used.
Proposal: The ENs related to protocol and format for providing satellite coverage availability information are removed.
Matching CRs for 23.501, 23.502 and 23.401 are provided.
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