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Abstract of the contribution: This contribution discusses the methods for how UE informs the NW about a coverage gap
Background
This paper was updated based on the discussions at the CC on Feb 7. 

The CRs agreed in S2-2301767 and S2-230769 at SA2#154AHE contains both UE and NW based options: 

- 
For the UE based option, there are two methods mentioned for how the UE informs the network about an out-of-coverage period; one based on existing PS mechanisms (MICO, eDRX) and one where the UE informs the network about its “UE out-of-coverage period” when it is about to leave satellite coverage. 

- 
For NW based option it is not so explicit how the network informs the UE, but the text talks both about PS parameters (MICO, eDRX) as well as timers that are valid for any UE and use case (Periodic Registration Update timer)

Observation 1: Both UE and NW options have two variants for how UE and NW inform each other about out-of-coverage periods. If and how these relate or co-exist and when each one is used is not so clear.
There are four ENs in S2-230769 related to observation 1:

EN#1:

Editor’s Note:
How a UE determines to send its out-of-coverage period or requests PSM parameters is FFS and may need further updates.
EN#2:
Editor’s Note:
Whether procedures in 5.4.1.4 will be used to indicate UE out of coverage period is FFS.
EN#3:
Editor’s Note:
It needs to be determined whether a UE can inform the network of its UE out-of-coverage period some time before the period starts in order to avoid congestion when all UEs in the same local area inform the network at the same time.
EN#4:

Editor’s Note:
If is FFS how the can include its UE out-of-coverage period or indicate in other way that a MICO/eDRX request is due to discontinuous coverage so the AMF can take this into account for MICO mode and eDRX negotiation and when determining other NAS timers.
In this paper we analyse this and propose resolutions to these 4 ENs
Discussion of the ENs
EN #2:

EN#2 above is related to whether the procedures defined for SUECR in 23.501, clause 5.4.1.4 can be re-used to indicate UE out of coverage period. 

The SUECR solution in 5.4.1.4 may seem a good fit for “UE out-of-coverage period”, i.e. instead of defining new NAS parameters and mechanisms, that solution can be re-used. It allows AMF to adjust the periodic registration timer and treat the UE as unreachable during the time it is away, as described in clause 5.4.1.4. 

However, with SUECR, the use case was a UE that may do e.g. a SW update. This is very specific to each UE and it is unlikely that two UEs would inform AMF about unavailability at the same time. However, with satellite access and discontinuous coverage, many UEs may try to do this at the same time, especially for quasi-earth-fixed cells, resulting in congestion and overload. This is also reflected in EN#3.

EN#3:

To address EN#3, the UE would need to notify the NW some time in advance, spread out in time. It is not clear whether this is supported in SUECR since it was mainly assumed that the UE will become unavailable immediately after the registration procedure. However, the description of “Unavailability Period Duration” in clause 5.4.1.4 of TS 23.501 is rather open on whether the “period duration” is only the length of the unavailability period or also includes a start time for the unavailability. In any case one could extend the SUECR procedure to allow the UE to provide a start time for the unavailability period and require that each UE should notify the network in advance, or simply require the UE to report some time in advance even if no start time is provided. Alternatively one could define a new variant instead of re-using SUECR.
With MICO mode the UE can request an Active Time (i.e. time for how long it will be available) and a periodic registration time when requesting MICO mode. After the Active Time expires, the UE enters MICO mode and is not reachable anymore from the network. There is thus already a possibility in MICO mode to indicate a “start time” of the unavailability. The UE can also request a periodic registration time, indicating when it is expecting to be able to reach the network again. This allows the UE to indicate both how long it remains in coverage, and how long it will be out of coverage after that. 

Observation 2: the extensions needed for SUECR to address EN#3 are already supported when using MICO mode. Instead of extending the SUECR solution, we could just use MICO mode. 
Regarding eDRX, the UE can provide a requested eDRX cycle length when requesting eDRX. The UE can thus determine a suitable eDRX cycle based on its awareness of the coverage information. The UE should do this before its coverage ends.
EN#1:

This EN could be solved of only a single method is standardized for a UE to indicate out-of-coverage. It is not clear why there is a need to have two methods for a UE to indicate out-of-coverage. This only creates complexity and potentially inter-op problems. 
Observation 3: Having two options (MICO/eDRX and SUECR-like) creates complexity and potentially inter-op problems.
Based on observation 3 it should be discussed whether we can keep only a single method for the UE to indicate unavailability due to out-of-coverage. In our view, MICO mode support the required parameters and should be sufficient for 5GSAT_Ph2. If this cannot be agreed, it is also ok to just use the SUECR-like approach and instead remove the option with MICO/eDRX.

SUECR could also be used but has drawbacks that there may be overload issues if many UEs trigger a registration just before they all lose coverage. Alternatively, the standard specifies that the UE triggers the registration some time before losing coverage, with a spread in time between UEs. However, since the UE will become unreachable directly after the registration procedure this may not be optimal if the UE still has coverage for some time. 
Proposal 1: A single method should be specified for a UE to report when it is aware of coverage information. MICO mode is sufficient for informing the network when it is losing coverage and when it has regained coverage. If this cannot be agreed, it is also ok to just use the SUECR-like approach and instead remove the option with MICO/eDRX.
EN#4:

As mentioned above, MICO allows a UE to request a periodic timer and an Active Time. This allows a UE to request MICO parameters that are suitable for the coverage gap. Adding out-of-coverage time into the MICO negotiation procedure creates ambiguity and superfluous time values provided by the UE. This should thus be avoided. It would also be undesirable to introduce new variants for negotiating MICO mode and eDRX parameters. 

Observation 4: There is no need for the UE to provide additional timers when requesting MICO/eDRX.   

EN#4 also leaves it FFS whether the UE can indicate that MICO is requested due to DisCo. If the UE is aware of coverage information and determines the requested Active Time and periodic registration time based on this, it allows the AMF to take this into account and apply the UE-provided values instead of changing them to e.g. subscribed values. An additional indication from the UE would thus be useful for AMF. Such additional indication would be ignored by a legacy AMF and a UE could thus still request MICO mode due to DisCo in such a scenario.

Proposal 2: A new DisCo indication can be provided when MICO mode is requested. This allows the AMF to treat the UE request appropriately.
Other aspects

In the CR in S2-230769 it was agreed that the network may request the UE to trigger a registration procedure to inform the network when it is losing coverage and when it has regained coverage. This was however only stated for the case where UE provides “UE out-of-coverage period”, not when the UE requests MICO/eDRX.

To have a similar behaviour, independent on the way the UE informs the network about the coverage gaps, it seems reasonable to have the same level of network request also for the MICO/eDRX case. Considering Proposal 1 this also seems justified. 

Proposal 3: The AMF may indicate to the UE that the UE is required to perform this procedure when leaving and returning to coverage, independent whether MICO or SUECR is used.   

Proposal

Proposal 1: A single method should be specified for a UE to report when it is aware of coverage information. MICO mode is sufficient for informing the network when it is losing coverage and when it has regained coverage. If this cannot be agreed, it is also ok to just use the SUECR-like approach and instead remove the option with MICO/eDRX.
Proposal 2: The AMF may indicate to the UE that the UE is required to perform this procedure when leaving and returning to coverage, independent whether MICO or SUECR is used.   

Proposal 3: A DisCo indication can be provided when MICO mode is requested. This allows the AMF to treat the UE request appropriately.
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