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Abstract of the contribution: The contribution proposes a new key issue on Paging with discontinuous satellite coverage in Rel-18.
1.
Discussion

This KI is related to WT # 1.1.
********************************************************************************************
The study item aims at investigating on further 5GC/EPC enhancements to support satellite access based on the R17 5GSAT_ARCH achievements with the following 5GC/EPC areas for study: 
· WT#1: Discontinuous coverage 

WT#1.1: Architectural enhancements to support discontinuous coverage for mobility enhancement (e.g. paging enhancement) 
WT#1.2: Architectural enhancements considering prediction, awareness & notification of UE wake-up time, power saving optimizations. 

********************************************************************************************
Issue and requirement:
When using satellite access to get services, for the specific geographic area (e.g. TA), the loss and recovery of the coverage of a satellite cell may be predictable according to some information (e.g. the corresponding ephemeris information), which may cause the predictable failure of the response to Paging. 
For instance, a UE in CM-IDLE mode and 5GMM-REGISTERED state is in the coverage of a moving non-GEO satellite cell. When the network received downlink data for the UE, the network initiates the Paging procedure for the UE. However, it could be possible that after the Paging procedure is initiated the coverage of the associated satellite cell will be lost for the UE in several milliseconds because the satellite coverage moves away, which could then cause the failure of the response to the Paging. 

Similarly, for a UE which is supposed to be static in a specific geographic area (e.g. TA), if the network pages the UE when the coverage of the satellite cell does not cover the specific geographic area, then it could also be predictable that the no response from the UE would be received.
Observation 1: The failure of response to the Paging might be predictable due to the predictable loss of the coverage of the satellite cell.
In another case, a geographic area (e.g. TA) where the UE is located is faced with predictable loss and recovery of satellite cell coverage. When the UE is in CM-IDLE mode and 5GMM-REGISTERED state, and the coverage of the satellite cell does not cover the geographic area (e.g. TA) where the UE is located, the associated network might buffer downlink data for the UE. Then when the network determines that the satellite cell covers the target TA, the network might send Paging in the satellite cell. 
However, if there are a large number of UEs in the target geographic area (e.g. TA), and the network has buffered downlink data for all these UEs, then there is a possibility: when the satellite cell covers the target TA, Paging messages for all these UEs might be sent out in a short period of time, and then these large number of UEs would receive Paging, and attempts to access the network at a similar time, which might cause network congestion.
Observation 2: There might be network congestion caused by Paging when considering predictable discontinuous satellite coverage.
Based on the current paging strategy, when applying sub-area based paging, the network may first page in the last known cell-id of the UE. 
Quoted from TS 23.502 V17.3.0: 
"
Paging strategies may include:

-
paging retransmission scheme (e.g. how frequently the paging is repeated or with what time interval);

-
determining whether to send the Paging message to the (R)AN nodes during certain AMF high load conditions;

-
whether to apply sub-area based paging (e.g. first page in the last known cell-id or TA and retransmission in all registered TAs)."
However, the coverage of the last known satellite cell-id might move away from the geographical area where the UE is supposed to be, which then could make the first page in the last known cell-id might not be as efficient as in the terrestrial network.
Observation 3: The Paging strategies (e.g. the first page in the last known cell-id) might not be as efficient as in the terrestrial network when considering predictable discontinuous satellite coverage. 

Observation:
Observation 1: The failure of response to the Paging might be predictable due to the predictable loss of the coverage of the satellite cell.
Observation 2: There might be network congestion caused by Paging when considering predictable discontinuous satellite coverage.
Observation 3: The Paging strategies (e.g. the first page in the last known cell-id) might not be as efficient as in the terrestrial network when considering predictable discontinuous satellite coverage. 
2.
Text Proposal

The following text is proposed to be applied to TR 23.700-28.

*** Start of the change (all new text) ***
5.x
Key Issue #x: Paging with discontinuous satellite coverage 
5.1.1
General description
For a specific geographic area (e.g. TA), the loss and recovery of the coverage of a satellite cell may be predictable according to some information (e.g. the corresponding ephemeris information), which may cause the predictable failure of the response to Paging. 

For instance, a UE in CM-IDLE mode and 5GMM-REGISTERED state is in the coverage of a moving non-GEO satellite cell. When the network received downlink data for the UE, the network initiates the Paging procedure for the UE. However, it could be possible that after the Paging procedure is initiated the coverage of the associated satellite cell will be lost for the UE soon because the satellite coverage moves away, which could then cause the failure of the response to the Paging. 
Similarly, for a UE which is supposed to be static in a specific geographic area (e.g. TA), if the network pages the UE when the coverage of the satellite cell is lost for the specific geographic area, then it might also be predictable that the no response from the UE would be received.

In another case, if there are a large number of UEs in the target geographic area (e.g. TA), and the network has buffered downlink data for all these UEs, then there might be a possibility: when the satellite cell covers the target TA, Paging messages for all these UEs might be sent out in a short period of time, and then these large number of UEs would receive Paging, and attempts to access the network at a similar time, which might cause network congestion.
Moreover, based on the current paging strategy, when applying sub-area based paging, the network may first page in the last known cell-id of the UE. However, the coverage of the last known satellite cell-id might move away from the geographical area where the UE is supposed to be, which then could make the first page in the last known cell-id might not be as efficient as in the terrestrial network.
In this key issue, to deal with Paging when considering predictable discontinuous satellite coverage, the following technical aspects need to be considered:

· Whether and how to mitigate the predictable failure of response to Paging, if any;
· Whether and how to mitigate the network congestion caused by paging, if any;
· Whether and how to enhance the Paging strategies (e.g. first page in the last known cell-id).
*** End of the change ***
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