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1. Introduction
Store and Forward (S&F) operation allows for delay-tolerant, non-real-time IoT NTN services to be offered in areas visited by the satellites but with no need to have NTN gateway infrastructure. The following objective has been confirmed for Rel-19 NR NTN study:
	RP-234077 New WID: Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3
The aim of this WI is enhancement of IoT-NTN with the following objectives:
· Support of Store&Forward (S&F) satellite operation with full eNB as regenerative payload, therefore:
· Define the necessary enhancements into E-UTRAN (network & UE) to support S&F operation for delay-tolerant services [RAN3, RAN2, RAN4]
· At least specify necessary enhancements e.g. related to S1 protocol, especially to address the feeder link switch over as needed [RAN3]
Note: Strive to minimise UE impact.
Note: Coordination with SA2 (Rel-19 SA2 led Sat-Arch ph3 SI) is needed on the detail requirements (e.g. traffic type, or QoS parameters for S&F), network architecture (e.g. whether consider (partial) core network on satellite) etc.; further coordination with CT1 might be required


In this contribution we discuss the scenarios and requirements of S&F and analyze the potential issues in supporting S&F operations in IoT NTN.
2. [bookmark: Proposal_Beacon]Discussion
S&F operation is an operation mode of a 5G system with satellite-access, where the 5G system can provide some level of service (in storing and forwarding the data) when satellite connectivity is intermittently/temporarily unavailable, e.g., to provide communication service for UEs under satellite coverage without a simultaneous active feeder link connection to the ground segment. Referring to SA2 works as in TR22.865, at least the following scenarios or use cases can be considered for S&F operations: MO, MT, data transfer for IoT devices in remote areas, and emergency report.
The main different between S&F operation and normal operation in NTN is whether there is a continuous end-to-end connectivity path between the UE, the satellite and the ground network i.e., whether it requires the service and feeder links to be active simultaneously. Such differences have brought in some new requirements as consolidated by SA2:
· support S&F operation for authorized UEs;
· support to inform a UE whether S&F Satellite operation is applied;
· support to allow the operator or a trusted 3rd party to apply an S&F data retention period;
· support to allow the operator or a trusted 3rd party to apply an S&F data storage quota;
· support a mechanism to configure and provision specific required QoS and policies for UE’s data;
· support to provide related information (e.g. estimated delivery time to the authorised 3rd party) to an authorized UE.
· support to inform an authorised 3rd party whether S&F Satellite operation is applied for communication with a UE and to provide related information (e.g. estimated delivery time to the authorised UE).
· support forwarding of the stored data from one satellite to another satellite (e.g., which has an available feeder link to the ground network), through ISLs. 
· support suitable means to resume communication between the satellite and the ground station once the feeder link becomes available.
· support mechanisms for a UE to register with the network when the network is in S&F Satellite operation.
· support mechanisms to authorize subscribers for receiving services when the network is in S&F Satellite operation.
Based on the SA2’s output, at least the following issues can be discussed as a starting point from RAN2 perspective:
· How to inform a UE whether S&F Satellite operation is applied;
· How to provide related information (e.g. estimated delivery time) to an authorized UE.
Observation 1: At least from RAN2 perspective, solutions can be developed to fulfil some requirements of S&F operation as consolidated by SA2 including how to indicate UE an applied S&F operation and its related information.
According to the listed cases and requirements, the services that can leverage S&F operations have some specific characteristics including delay-tolerant (could be hours) and remote (source or target could be reached only be limited satellite coverage), and as a result the source or target UE needs to be aware that the current cell supports S&F delivery or configuration, either for determination of initiating S&F data transmission or for configuration of transmitting/receiving S&F data/response with large delay.
Observation 2: For S&F operations, it is necessary to at least indicate UE that the network supports S&F operation.
Moreover, the UE may also need some availability information about the S&F operation supported by the network, e.g., for which area or for how long the data can be delivered, or some functional information about the S&F operation supported by the network, e.g., support of providing delivery status, support of cast types for delivery (unicast, multicast and broadcast), support of eNB/gNB-only S&F (no CN entity is involved during the S&F operation).
Observation 3: For S&F operations, it may also be necessary to indicate UE some availability information about the S&F operation.
On the other hand, network may also need to be aware that a UE supports S&F capability, e.g., to configure UE for S&F data transmission/reception specifically. Network may also need to be aware of UE requirements for S&F operation, e.g., to understand for which area or for how long the data shall be delivered, or whether providing delivery status is needed, or which cast types for delivery is expected.
Observation 4: For S&F operations, the network may need to know UE’s capability and service requirements for S&F operation.
When both the network and UE supports S&F operation, the UE needs to determine when an S&F operation service can be initiated e.g., whether a service can leverage S&F operation. From protocol design perspective, the AS-NAS functional spilt in UE for S&F shall be specified, e.g., which stratum is responsible for the initiation and the other stratum can provide assistances. Moreover, AS-NAS interaction could be needed to ensure appropriate S&F initiation and data delivery, e.g., start/suspend NAS->AS S&F data delivery when satellite coverage is valid/invalid to avoid congestion.
Observation 5: Metrics and interactions to initiate an S&F operation at UE may need to be specified.
Based on the above analysis, the following aspects can be considered as a starting point for RAN2’s study on supporting S&F operations:
Proposal 1: To support S&F operation and fulfill requirements from SA2’s work, RAN2 to study the following:
· how to indicate UE that the network supports S&F operation;
· how to indicate UE the availability information about the S&F operation (e.g., estimated delivery time);
· how to indicate network the UE’s capability (and maybe service requirements) for S&F operation;
· AS-NAS functional split and interactions to support S&F operation (may pending on SA2 future work).
3. Conclusion
In this contribution we discuss the scenarios and requirements of S&F and analyze the potential issues in supporting S&F operations in IoT NTN. The following observations are given:
Observation 1: At least from RAN2 perspective, solutions can be developed to fulfil some requirements of S&F operation as consolidated by SA2 including how to indicate UE an applied S&F operation and its related information.
Observation 2: For S&F operations, it is necessary to at least indicate UE that the network supports S&F operation.
Observation 3: For S&F operations, it may also be necessary to indicate UE some availability information about the S&F operation.
Observation 4: For S&F operations, the network may need to know UE’s capability and service requirements for S&F operation.
Observation 5: Metrics and interactions to initiate an S&F operation at UE may need to be specified.
And it is proposed that:
Proposal 1: To support S&F operation and fulfill requirements from SA2’s work, RAN2 to study the following:
· how to indicate UE that the network supports S&F operation;
· how to indicate UE the availability information about the S&F operation (e.g., estimated delivery time);
· how to indicate network the UE’s capability (and maybe service requirements) for S&F operation;
· AS-NAS functional split and interactions to support S&F operation (may pending on SA2 future work).
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