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1. Introduction 
For earth fixed cell in NGSO, the network can provide a cell stop time. This enables the UE and network to be synchronized regarding when the discontinuous coverage starts or when the UE should be released to RRC_IDLE. However, for the earth moving cell scenario, cell stop time is not available. In this document, we provide details for an RRC release procedure in earth moving cell scenario when discontinuous coverage is supported by the cell.
2. Discussion 
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Figure 1 Beam coverage in moving cell scenario
For moving cell scenario, as shown in Figure 1, the ephemeris only may not be sufficient for the UE to determine it will be in the coverage of the satellite at a given time if the beam center is not perpendicular to the satellite position. In this case, the prediction of discontinuous coverage would not be correct.
The SIB32 is an indication that the cell supports discontinuous coverage, and it provides the necessary information for prediction of discontinuous coverage such as ephemeris and beam information. This also means that a UE would be able to predict how long the UE can stay in coverage with the current satellite (given the SIB32 also contains serving satellite beam information). If this is the case, and since the UE can know its own location information and satellite position, the UE can know approximately when it will enter discontinuous coverage. It should be noted that the UE’s prediction of the exact time of going out of coverage due to DC does not need to be fully accurate: so long as the UE does not perform any UL/DL data transfer just before the coverage gap is expected to arrive, the UE can consider the coverage gap as upcoming. 
In addition, SA2 has made following conclusion in TR 23.700-28.

-
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.
Therefore, UE indicating such information (UE predicting to be out of coverage) to network can be helpful for network to efficiently utilize the resources and release the UE to RRC_IDLE, if there is no further UL/DL expected for the UE. For example, while the network may have more accurate coverage data than the UE, the network would typically not know the UE location as accurately as the UE, which means the UE estimation of out of coverage may be better than the network’s.
This is also beneficial for UE as it may not have to go through the power costly RLF declaration procedure if it loses signal in RRC_CONNECTED state. This will also avoid any possible state mismatch between UE and the network.

Observation 1. The UE sending out-of-coverage indication or release assistance information is helpful information for eNB as the eNB may not have UE location information such as for NB-IoT.
In NR MUSIM in TS 38.331, similar solution for UE to leave RRC_CONNECTED state is defined, in which the UE can indicate a preference to leave RRC_CONNECTED and start a timer T346g. If the network does not release the UE while the timer T346g is running, the UE can go to RRC_IDLE upon expiry of the timer T346g. Similarly, in discontinuous coverage case for IoT NTN, the UE can also indicate its preference to leave RRC_CONNECTED if it determines it will soon go to discontinuous coverage so that the network can also have an idea it is time to release the UE. It is noted that if network wants, it can still prevent the UE from autonomously going to IDLE by releasing the timer configuration. The whole procedure can be defined in the following steps.
Step 1: Network indicates support of discontinuous coverage by broadcasting SIB32 that also includes current satellite information (e.g., ephemeris and beam information).

Step 2: When in RRC_CONNECTED, the network configures UE to report out-of-coverage indication by configuring a timer (e.g., out-of-coverage timer). For this a new indication from a UL DCCH message can be introduced or existing AS RAI could be reused.
a. Optionally, the network can also configure the UE with resume ID.

b. How to configure length of the timer can be further discussed.

Step 3: If configured with out-of-coverage indication (i.e., a timer), at some point in time, the UE decides it will soon go out of coverage and enter into discontinuous coverage.

a.
A criterion may be considered e.g., elevation angle changing and going < 5 degree, or UE to cell reference location > X km etc. 

b.
Also, UE expects no UL/DL. Or it gets prepared UL/DL transaction has to be finished very soon (based on timer below). 

Step 4: The UE sends the out-of-coverage indication to the network and starts the timer received in step 2.

a. The network may also configure the value of timer to be zero (which the UE treats as immediate release).

b. The out-of-coverage indication may be sent when the time remaining until when the UE expects to go out of coverage is equal to, or slightly greater than, the timer value.

Step 5: While this timer is running, 
a. any remaining UL/DL activity can continue.
b. Network also has the option to reconfigure UE to disable/stop the timer.

c. The network can also send RRC Release message if no MT data is expected.
a. Regardless of pre-configuration of resume ID, the network can send the UE to RRC_IDLE or suspended state.

d. It is also possible the UE goes to RLF or out of coverage earlier than expected (i.e., before timer expiry).

Step 6: Upon the timer expiry,
a. The UE executes the procedure to leave RRC_CONNECTED state with release cause “other”.

a. The UE goes to RRC suspended state if the resume ID was provided, otherwise goes to RRC_IDLE state.
b. The network will also have idea when the timer expires and assumes the UE can be released to RRC_IDLE/suspended state without explicit RRC release message signaling.

It is to note that the network may not configure the UE with the timer or send the out-of-coverage indication. In this case, it can be assumed that the network may have the UE’s location information and a better idea on when the UE is going to be out of coverage. In this case, there is no change in UE behavior as the UE will see no signal or very weak signal leading to RLF before it can declare the discontinuous coverage has started.

Proposal 1 If the UE is able to predict when the discontinuous coverage starts, reuse NR MUSIM procedure to leave RRC_CONNECTED state where the UE indicates the out-of-coverage to network and starts an out-of-coverage timer.
Proposal 2 Reuse NR MUSIM timer T346g behavior, i.e., upon expiry of the out-of-coverage timer, the UE performs the actions upon leaving RRC_CONNECTED, with release cause 'other'.
Proposal 3 Further discuss the details on the values of the out-of-coverage timer and message to carry out-of-coverage information.
3. Conclusion

Following observation is made:

Observation 1.
The UE sending out-of-coverage indication or release assistance information is helpful information for eNB as the eNB may not have UE location information such as for NB-IoT.


Following proposals are made:
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If the UE is able to predict when the discontinuous coverage starts, reuse NR MUSIM procedure to leave RRC_CONNECTED state where the UE indicates the out-of-coverage to network and starts an out-of-coverage timer.
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Reuse NR MUSIM timer T346g behavior, i.e., upon expiry of the out-of-coverage timer, the UE performs the actions upon leaving RRC_CONNECTED, with release cause 'other'.
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