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Abstract of the contribution: This contribution discusses different aspects of UE and AMF/MME exchanging non-coverage times. 
Introduction

The solution agreed for exchanging out-of-coverage time information in case of the UE-based approach (called Solution #1 here) is:

Solution #1: SUECR, which allows the UE to notify about an unavailability period as described in 23.501, clause 5.4.1.4. This means that the UE sends a Registration Request when the UE is about to leave coverage and sends another Registration request when the UE has returned to coverage. In the mean-time, AMF marks the UE as unreachable and can e.g. buffer DL packets. 

This paper analyses the ENs that are related to this topic:

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.
Related to above ENs, extensions to Sol#1 have been proposed and discussed (numbered #2-#4 here): 
Solution #2 “start time”: UE can indicate a “start time” (or a “remaining coverage time”) to the network. This allows the UE to report an out-of-coverage period well ahead of the coverage gap and the UE does not need to trigger a Registration just when it is about to leave coverage. The intention is to allow the UE to reduce signalling and save power.
Solution #3 “additional power saving”: In addition to #2, remove the requirement that the UE sends a Registration Request when returning to coverage. AMF/MME should use the unavailability time provided by the UE to know when the UE is expected to be back in coverage and mark the UE as reachable again, without explicit signalling from the UE. The intention is to allow the UE to reduce signalling and save power.

Solution #4: Allow the network to provide an expected unavailability time to the UE in the Registration Accept, even if the UE indicated an unavailability time in the Registration Request. The intention may be to help the UE if the network can make a better estimate than the UE can do, and/or to reduce signalling and save power. 

In this paper we analyse the above ENs and the related proposals. 

Discussion 
General

In the Figure 1 below, solution options #1-#3 are illustrated. In the figure it appears that #2 reduces the signaling compared to #1. It also appears that #3 provides further reduction.
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Figure 1. Illustration of different solution options/components
Analysis of Sol component #3

In the analysis of the Sol#3 proposal, we found several issues.

In all solutions, the UE needs to notify the network about upcoming out-of-coverage periods some time before next no-coverage event, otherwise the AMF would be unaware that UE loses coverage next time. Figure 2 shows the solutions on a longer time scale. Here it can be seen that Sol#3 is not different from #2 in terms of signaling load. The exact sequence of events of course depends on many things, such as the UE traffic patterns, satellite constellation and coverage characteristics etc, but in general it is not clear that Sol#3 reduces the power consumption in any significant way. 
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Figure 2. Notification of coverage gaps
One could also consider power saving UEs that do not need to be reachable or contact the network in every coverage period. As already stated in TS 23.501, such UE could aggregate multiple coverage periods and gaps into a single out-of-coverage period provided to the network. In this case the sequence of events may look like in Figure 3. Also in this case there is no clear difference between Sol#2 and #3. 
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Figure 3. Aggregating multiple coverage gaps
Observation 1: Sol#3 and Sol#2 have similar characteristics in terms of signaling load. 

There are also additional issues with Sol#3 compared to Sol#1 and #2:

- 
The complexity in the AMF/MME increases. If the UE sends a Registration Request when returning to coverage, the AMF can simply mark the UE as unreachable when it is out of coverage and wait for the UE to indicate its return. This is the existing SUECR behavior and avoids the need for AMF/MME to monitor a timer when UE is away.

- 
Sol#3 approach is quite different from existing AMF/MME behavior. Today if the UE loses coverage, e.g. if the UE did not send a periodic Registration/TAU in time, the AMF/MME marks the UE as unreachable. The UE is only considered reachable once the UE shows a real sign of life. Changing this principle requires careful analysis.
- 
The solution is not robust. It is not certain that UE is actually reachable when the out-of-coverage time expires. The time values provided by the UE may not be precise, e.g. if the UE provided these values long in advance. The UE may also have moved to another location, or even powered off. This may have several consequences:

o 
Should AMF notify AFs, UDM (for MT SMS), etc that have subscribed to UE reachability when the timer expires without any sign of life from the UE? This may cause useless signaling load in the network. 

o 
If the AMF pages the UE after the timer has expired, but for some reason the UE is not reachable yet, paging (and paging retries) will fail and AMF will mark the UE as unreachable. However, the UE is not aware of this, and after returning to coverage shortly after, it will not initiate any signaling with the network, as per Sol#3. Instead, the UE believes it is IDLE and reachable. Later, potentially after a long time, the UE triggers signaling e.g. if there is MO data, the periodic timer has expired or the UE needs to notify AMF about an upcoming coverage gap, but until then the UE remains unreachable for MT data even though it has coverage. This is illustrated in Figure 4 below.
Re-using the existing behavior to use a Registration Request to indicate that it has returned to coverage is more robust. 
- 
How would Sol#3 be combined with Sol#4? If the UE provides one time to the network, and the network sends another time to the UE, what time value should be applied by AMF? We would need to clarify which time value the UE will use.
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Figure 4: Unreachability due to failed paging
Observation 2: Sol#3 causes complexity and ambiguity and is not robust.
Proposal 1: Keep the existing approach where UE triggers a Registration Request when it returns to coverage.
Analysis of Sol component #2

It has also been proposed that the UE can indicate a “start time” or a “remaining coverage time” to the network. This allows the UE to report an out-of-coverage period well ahead of the coverage gap and the UE does not need to trigger a Registration just when it is about to leave coverage.

This could be a possible extension to SUECR. However, as we show below, such addition does not come without complexity and issues. 
A question is if “start time” is relative or absolute. As has been commented before, the UE and AMF/MME may not be time synchronized and therefore an absolute start time does not seem feasible. We therefore assume a relative start time, i.e. a “remaining coverage time”, in the rest of this paper.

If a relative time is used, there is a question when the timer is started. One option that has been proposed is to start the time at transition to IDLE, to align the behaviour with existing timers such as Active Time, periodic time etc. However, in that case the UE cannot provide a very accurate timer value since the UE does not know when it will transition to IDLE. Furthermore, there is an issue if the UE afterwards transitions to CONNECTED and again back to IDLE. Will the timer restart or should AMF/MME keep the timer running across CONNECTED-IDLE events? This issue is illustrated in Figure 5. For Active Time it is only the very first IDLE mode period that is relevant to the active timer so these issues do not appear and in that case it is logical to start Active time at that Idle mode transition. 
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Figure 5. “Remaining coverage time” – Handling of timer start at transition to IDLE
Another option is to start the timer at the Registration procedure. This would result in less ambiguity, but in this case there would be a need to clarify whether the timer would last across multiple registrations, or it is re-negotiated at every registration. This is illustrated in Figure 6. In our understanding, starting the timer at the Registration procedure, and re-negotiating the timer value at each Registration procedure, could possibly provide a solution that would also be aligned with existing principles of indicating support and use of features handled by MME/AMF.
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Figure 6. “Remaining coverage time” – Handling of intermediate registration procedures
Similar to Sol#3, the complexity of the AMF/MME increases with Sol#2. If the UE indicates a “remaining coverage time” the AMF needs to keep track of this time and mark the UE as unreachable when the timer expires. With Sol#1 the AMF/MME simply uses the UE signaling as a trigger to mark the UE as unreachable. It also needs to be specified when AMF/MME can cancel this timer, e.g. if the UE changes to a different RAT. 
Also the complexity of the UE increases. If the UE has provided a “remaining coverage time” and the UE moves to a different location or changes to a different constellation e.g. with the same RAT type, the UE needs to update AMF/MME with a new time value or cancel the timer. 

Yet another question is whether this would apply to SUECR in general or would be specific to satellite access. 

Observation 3: Use of “start time”/“remaining coverage time” has several issues that needs to be understood and addressed. It is not clear that benefits outweigh the complexities. 
Proposal 2: Unless the issues around “start time”/” remaining coverage time” can be resolved in a reasonable manner, remove the related EN without further changes.  
Analysis of Sol component #4
There is an EN/FFS on whether the AMF could provide an expected unavailability duration in the Registration Accept also if the UE provided an out-of-coverage time the Registration Request.
The purpose of this is not fully clear. One motivation could be to help the UE if the network can make a better estimate about unavailability than the UE can do, e.g. if the network has access to some information that the UE does not have. One possibility is that the AMF has received a UE mobility trajectory from an AF, while the UE may not know its mobility trajectory (this is however not available in EPS). However, even if the AMF/MME has such additional information, it is still not clear that the feature will work better if the network provides a time back to the UE: 
- 
AMF may not have the exact position of the UE. If LCS is invoked the UE may have provided its coordinates, but it cannot be assumed that AMF always has up-to-date information of all UEs’ geo locations. Therefore, UE’s estimates may be more accurate. 
- 
If the UE estimated an expected unavailability duration on its own, and also received a different expected unavailability duration from the network, which one will the UE use? Can the UE always assume that the network knows better than the UE? Or should this be left up to UE implementation which value is used by the UE?
- 
In E-UTRAN, UE has access to SIB19. The UE thus has more information about the constellation than AMF has. 
Another purpose of Sol#4 may be to inform the UE when it should become reachable for paging again, instead of informing the UE about the upcoming coverage gap. But for this purpose, we already have the periodic timer.

It is thus not clear that an expected unavailability duration in the Registration Accept will be beneficial, if the UE anyway can determine the coverage gaps. 

Proposal 3: Remove EN related to unavailability duration in the Registration Accept without further updates. 
Proposal

Proposal 1: Keep the existing approach where UE triggers a Registration Request when it returns to coverage.
Proposal 2: Unless the issues around “start time”/” remaining coverage time” can be resolved in a reasonable manner, remove the related EN without further changes.  
Proposal 3: Remove EN related to unavailability duration in the Registration Accept without further updates. 
The proposals are captured in the CR in S2-2304122, but can also be merged with other suitable CR
**** End of Changes ****
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