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Abstract: the paper discusses power saving parameters determination by AMF based on UE out-of-coverage period, and resolving ENs remaining in subclause 5.4.13.1.
1 Introduction 
Based on the current specification, the UE out-of-coverage period which is used to determine power saving related parameters and NAS timers is generated by AMF based on the received satellite coverage availability information. In addition to the case, the UE out-of-coverage period received from UE can also be used by AMF if it isn’t able to determine the out-of-coverage period by itself. This paper discusses to cover the case.
Besides, there are several ENs remaining in this subclause:
EN#1:
Editor's note:	Capability negotiation between UE and network for the features introduced for discontinuous network coverage for satellite access is FFS.
EN#2:
Editor's note:	It is FFS whether the UE can also indicate how long it will be available before the unavailability period starts.
EN#3:
Editor's note:	Whether Support of Unavailability Period (see clause 5.4.1.4) can be used directly without updates is to be determined.
EN#4:
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.
EN#5:
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.
The above ENs are discussed how to resolve.
2	Discussion
2.1 Power saving determination based on UE out-of-coverage period
Subclause 5.4.13.1 of TS23.501 has the following description
The AMF may be aware of the satellite coverage availability information and determine UE out-of-coverage period. In this case the following applies:
-	In addition to criteria described in other applicable clauses, the AMF may take UE out-of-coverage period into account when determining e.g. Periodic Registration Update timer, extended DRX in CM-IDLE (see clause 5.31.7.2), MICO mode configuration (see clause 5.4.1.3) and Estimated Maximum Wait Time.
-	The AMF uses existing procedures to provide the UE with timers….
The current description is the powering saving parameters are determined and provided to the UE under the case that AMF can generate UE out-of-coverage period. But if the AMF can’t determine the out-of-coverage period by itself, i.e. the AMF can’t be aware of the satellite coverage availability information, it’s not clear whether and how to use power saving in discontinuous coverage according to the current description.
In fact, besides the case that AMF can determine the UE out-of-coverage period, there are another two cases that may happen:
-	Case 1: AMF can’t determine the UE out-of-coverage period, but it can receive the out-of-coverage information from UE.
-	Case 2: AMF can determine the UE out-of-coverage period and can receive the out-of-coverage information from UE.
In case1, even if the UE out-of-coverage period can’t be determined by AMF itself, power saving parameters can be determined by AMF based the received out-of-coverage period.
In case2, if UE out-of-coverage period determined by AMF is consistent with UE out-of-coverage period received from UE, the current description can be reused to the case. But it can’t exclude the case that they are inconsistency since information source may be different or calculation capability between UE and AMF are different. To solve the inconsistency, the network can determine which information is used as the basis based on network configuration. For example, the AMF can select the UE provided out-of-coverage period as the basis and generate power saving parameters based on it. If the AMF selected UE out-of-coverage period is different from the UE provided UE out of coverage period, it’s necessary to return the selected UE out-of-coverage period to the UE in order to avoid out of coverage information inconsistency on both sides. Therefore, EN #5 is resolved as well by providing AMF select UE out of coverage period (i.e. expected unavailability duration) to the UE.
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.
Proposal 1: the above current description can be updated to include the key points:
1) AMF determines power saving parameters and provides them to the UE, which not only occurs in the case of AMF determining UE out-of-coverage period, but also can be used in other cases, such as AMF can receive the out of coverage period from UE instead of determine by itself.
2) Power saving parameters can be determined based on AMF determined UE out-of-coverage period, or UE provided UE out-of-coverage period, or AMF selected UE out-of-coverage period.
3) EN#5 can be resolved by AMF providing the selected UE out-of-coverage period to the UE if it is different from the UE out-of-coverage period received from UE.
 
2.2 discontinuous coverage capability negotiation
EN#1:
Editor's note:	Capability negotiation between UE and network for the features introduced for discontinuous network coverage for satellite access is FFS.
There are two features introduced for discontinuous coverage that need capability negotiation, sharing of out of coverage information and wait time mechanism applied to overload control.
The key problem of this EN is whether using a common capability negotiation or using separate capability negotiation to the features.
For sharing out of coverage information, the UE will inform the network when it is about to leave from or return to the coverage if the UE support discontinuous coverage. 
The wait timer is used to prevent overload due to lots of UEs return to coverage and interact with network simultaneously. This feature is also related to the supporting discontinuous coverage. If a legacy UE that doesn’t support discontinuous coverage, then it should not support the wait time. 
Both features are related to differentiate UE whether support discontinuous coverage, then “discontinuous coverage support” negotiation is needed between UE and the network. From this point of view, using a single negotiation can meet the two features’ requirement.
Proposal 2: EN#1 can be resolved by using a single capability negotiation which can meet the requirement of supporting out of coverage information sharing and wait time mechanism.

2.3 Unavailability period information 
EN#2:
Editor's note:	It is FFS whether the UE can also indicate how long it will be available before the unavailability period starts.
EN#3:
Editor's note:	Whether Support of Unavailability Period (see clause 5.4.1.4) can be used directly without updates is to be determined.
Regarding EN#3, the description at the beginning of text in clause 5.4.13.1 states:
The UE out of coverage period indicates the timing information for when a UE is expected to be out of coverage, and when the UE is expected to re-gain coverage again. 
Based on the description, the out of coverage period contains out of coverage start time and end time.
Besides, there is another text:
To avoid signalling overload, the Mobility Registration Update procedure as described above shall be triggered during a time range before the UE loses coverage, as many UEs may lose coverage at the same time.
Sending the Mobility Registration Update sometime before the UE loses coverage hints the out of coverage period should contains an out of coverage start time.
However, the description of “Unavailability Period Duration” in clause 5.4.1.4 of TS 23.501 is not clear that the “duration” only indicates the length of unavailability period or also includes a start time of the unavailability period. If the start time is not included, the “Unavailability Period Duration” cannot be reused directly without any extension or enhancement.
Another consideration is if the Unavailability Period is reused by discontinuous coverage case, it would be difficult to differentiate the Unavailability period caused by discontinuous coverage case or caused by other SUCER case without any extension or enhancement.
Regarding EN#2, since the UE out-of-coverage period contains the out of coverage start time, when the network receives the UE out-of-coverage period indication from the UE, it hints the network knows how long it will be available before the unavailability period starts. So there is no need to send another available time information to the network
Proposal 3: EN#3 can be resolved by used a new information to identify the UE out-of-coverage period instead of reusing Unavailability Period defined in clause 5.4.1.4.
Proposal 4: regarding EN#2, it’s no need to indicate how long it will be available before the unavailability period starts.

2.4 Unstandardized Satellite coverage availability information
EN#5:
[bookmark: OLE_LINK3]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.
If the satellite coverage availability information received by the UE is not standardised, the UE can’t recognize the information and furthermore cannot calculate out of coverage period based on it or UE can calculate the out of coverage period information, but this information is not standardised as well. In both cases, the UE cannot provide the out-of-coverage period to the network. However, how to deal this situation can be covered by the current specification. It can be treated as the case that the UE is not able to determine its own UE out-of-coverage period but can determine that it is about to lose coverage. In this case, the UE indicates to the network that it’s about to lose coverage due to discontinuous coverage, the AMF can determine the UE out-of-coverage period and power saving parameters and sends them to the UE.
Proposal 5: EN#5 can be resolved according to the current specification.

3	Proposal
It is proposed to reflect the following proposals into TS 23.501. S2-2304919 gives the changes based on the proposals.
Proposal 1: the above current description can be updated to include the key points:
1) [bookmark: _GoBack]AMF determines power saving parameters and provides them to the UE, which not only occurs in the case of AMF can determine UE out-of-coverage period, but also can be used in other cases, such as AMF can receive the out of coverage period from UE instead of determine by itself.
2) Power saving parameters can be determined based on AMF determined UE out-of-coverage period, or UE provided UE out-of-coverage period, or AMF selected UE out-of-coverage period.
3) EN#5 can be resolved by AMF providing the selected UE out-of-coverage period to the UE if it is different from the UE out-of-coverage period received from UE.
Proposal 2: EN#1 can be resolved by using a single capability negotiation which can meet the requirement of supporting out of coverage information sharing and wait time mechanism.
Proposal 3: EN#3 can be resolved by used a new information to identify the UE out-of-coverage period instead of reusing Unavailability Period defined in clause 5.4.1.4.
Proposal 4: regarding EN#2, it’s no need to indicate how long it will be available before the unavailability period starts.
Proposal 5: EN#5 can be resolved according to the current specification.
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