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Introduction
[bookmark: _Hlk70498098]In RAN2#115-e [1], the following agreements were achieved:
	RAN2 confirms that the following will be supported: discontinuous coverage without excessive UE power consumption and without excessive failures / recovery actions. It is expected that this need to be taken into account at least for Idle mode. The requirement is applicable for all reference scenarios (GEO, MEO and LEO).
Sattelite assistance information will be used by the UE for predicting coverage discontinuity. The details of the assistance information is FFS. FFS whether any applicable agreements made in NR-NTN can be reused.
The details of UEs actions when predicted to be out of coverage is FFS, e.g. stopping unnecessary cell search in the Idle mode, and FFS to what extent this need to be specified. 
It is FFS to what extent it need to be specified the details of UE’s prediction of discontinuous coverage and its ability to detect when it is back in coverage.
RAN2 sends an LS to SA2 and CT1 (cc: RAN3) for the possible alignment work in their specification due to the support of discontinuous coverage.



This contribution will focus on the remaining FFSs for support of non-continuous coverage. 
Discussion
Details of the satellite assistance information
In RAN2#115-e [1], RAN2 agreed that the cell broadcasts the time when the serving cell stops covering the current area and the reference location for quasi-earth fixed cell in WI NR_NTN:
Agreements via email - from offline 108:
1. Broadcast of cell stop time in SIB is only applicable to quasi earth fixed cell (not to moving cell). No further work in this release to address any moving cell specific details on using the cell stop time to assist measurements or cell reselection
2. For quasi-earth fixed cell, the reference location of the cell (serving cell or the neighbor cells) is broadcast in system information

Agreements via email - from offline 108 third round:
1. For quasi-earth fixed cell, UE should start measurements on neighbour cells before the serving cell stops covering the current area.
2. For quasi-earth fixed cell, the broadcast “timing information on when a cell is going to stop serving the area” refers to the time when a cell stops covering the current area.
3. For quasi-earth fixed cell, specify that UE should start measurements on neighbour cells before the broadcast stop time of the serving cell, i.e. the time when the serving cell stops covering the current area, and the exact time to start measurements is up to UE implementation.

For quasi-earth fixed cell, we think that the cell stop time and the reference location of the cell is also helpful for UE to predict the discontinuous coverage. The idle mode UE can predict when and where the UE is out of coverage based on the its location and mobility, the stop time of the serving cell, the reference location of the cell and the cell footprint size (e.g. sub-satellite point and coverage radius).
Except the cell stop time, the start time of next cell is beneficial for UE to get satellite coverage. But whether NTN system information include the start time of next cell is been discussing in WI NR_NTN. If the start time is supported in NTN system information, the UE can estimate how long it will be out of coverage and when it is back in coverage.
Proposal 1: For quasi-earth fixed cell, the satellite assistance information could include the stop time of the serving cell, the start time of the next cell, the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
For moving cell, the assistance information could include the satellite ephemeris info, the cell reference location, and the cell footprint size. In particular, if satellite transmits the beam perpendicular to the earth ground, ephemeris info and the cell footprint size are enough for prediction as reference point can be derived based on the ephemeris.
Proposal 2: For moving cell, the satellite assistance information could include ephemeris info, the reference location of the cell, and the cell footprint size.
According to the agreement in RAN2#115-e, whether satellite assistance information is broadcast in a separate system information needs to wait for the progress in RAN1. A new SIB means larger payload size can be used for broadcasting satellite assistance information. Regardless of whether to introduce a new SIB, we suggest that the design of satellite assistance information needs to consider signalling overhead and updating frequency. Frequent assistance information updating will cause the huge power consumption for UE, so it should be avoided for NB-IoT UE and eMTC UE. 
	Wait for the progress in RAN1 before discussion on whether satellite assistance information is broadcast in a separate information block.



Proposal 3: The design of satellite assistance information needs to consider signalling overhead and updating frequency.

The UE ability to predict discontinuous coverage 
Based on the satellite assistance information, UE location and its movement, the UE can predict when and where it will be out of coverage.
We think that how to predict the discontinuous coverage is up to UE implementation. The prediction accuracy may depend on the orbit propagator model used by the UE, the accuracy of the ephemeris information, the prediction window, the UE’s GNSS location information accuracy etc.
On the other hand, how the UE predicts when and where it is back in coverage and when the UE wakes up are also up to UE implementation.
Proposal 4: It is up to UE implementation that how to predict the discontinuous coverage and when it is back in coverage.

Idle mode UE enhancements when predicted discontinuous coverage
Based on the satellite assistance information, UE location and its movement, the UE can predict when and where it will be out of coverage and recovery from coverage gap. 
According to the clause 4.2.1 of TS 36.331 [2], the idle mode UE mainly performs neighbour cell measurements and cell (re)selection, paging monitoring and acquires system information.
	-	RRC_IDLE:
-	A UE specific DRX may be configured by upper layers;
-	UE controlled mobility;
-	The UE:
-	Monitors a Paging channel to detect incoming calls (by CN paging), system information change, for ETWS capable UEs, ETWS notification, and for CMAS capable UEs, CMAS notification;
-	Performs neighbouring cell measurements and cell (re-)selection;
-	Acquires system information;
-	Performs logging of available measurements together with location and time for logged measurement configured UEs;
-	May perform EDT;
-	May perform transmission using PUR;
-	Performs idle/inactive measurements for idle/inactive measurement configured UEs.



To save UE’s power consumption, the UE could switch to PSM and/or eDRX mode and stop unnecessary idle mode actions when predicting it is out of coverage, such as cell search, neighbour cell measurements for cell reselection, and paging monitoring.

Paging enhancement
As agreed in SI stage, the CN and the UE should be synchronized on duration where the UE is reachable for paging.
There are two possible solutions:
Option 1: The UE predicts how long it is out of coverage based on assistance information, and requests appropriate values for PSM timers.
The UE can initiate both PSM and eDRX mode when it is out of coverage and wake up when it is in coverage to save UE’s power consumption. As specified in existing spec, it is up to network to allow the use of the PSM mode. But the UE may request PSM timers (T3324 Active Timer and T3412 Periodic TAU Timer) in NAS messages, while network can decide the value of these timers and inform UE. To support discontinuous coverage in Rel-17, the UE can request appropriate values for these timers according to the prediction of discontinuous coverage.
[image: ]
Figure 1
Option 2: CN predicts discontinuous coverage, and configures PSM timers to UE. 
The network could predict coverage window and gap based on the satellite assistance information and UE reported location information. Then CN decides the paging window and PSM timers based on the discontinuous coverage. However, this solution requires significant specification changes for CN side, we should minimize the impact on the CN spec in this release.
Based on the analysis above, we prefer option 1 in R17 and more enhancements (e.g. CN predicts discontinuous coverage) can be studied in R18.
Proposal 5: To support discontinuous coverage in Rel-17, the UE is expected to request appropriate value for PSM timers based on its prediction to avoid large impacts on other WGs.

Cell (re)selection enhancement
When the UE is in idle mode, it should camp on a suitable cell to obtain service. When no suitable cell can be found after a complete scan of all RATs and all frequency bands supported by the UE, the UE enters any Cell selection state, until it finds a suitable or acceptable cell to camp on. This process can cause very huge power consumption. 
While the UE is out of satellite coverage, it can’t find a suitable or acceptable cell to camp on. Therefore, the UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.
Proposal 6: The UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.

Conclusion
Here are the proposals for support of non-continuous coverage.
Proposal 1: For quasi-earth fixed cell, the satellite assistance information could include the stop time of the serving cell, the start time of the next cell, the reference location of the cell, and the cell footprint size (e.g. sub-satellite point and coverage radius).
Proposal 2: For moving cell, the satellite assistance information could include ephemeris info, the reference location of the cell, and the cell footprint size.
Proposal 3: The design of satellite assistance information needs to consider signalling overhead and updating frequency.
Proposal 4: It is up to UE implementation that how to predict the discontinuous coverage and when it is back in coverage.
Proposal 5: To support discontinuous coverage in Rel-17, the UE is expected to request appropriate value for PSM timers based on its prediction to avoid large impacts on other WGs.
Proposal 6: The UE is not required to attempt to camp on a cell or connect to the network when it is out of coverage.
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