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Discussion
This section compiles relevant references and previous work in 3GPP related to S&F.

Rel-19 SA1 work in Store & Forward satellite operation
Use cases motivating the need of and requirements for Store and Forward (S&F) satellite operation have been studied in SA1 and are reported in TR 22..865 v19.1.0 “Study on satellite access - Phase 3; (Release 19)”.
Requirements related to S&F satellite operation have been included in normative specification TS 22.261 v19.4.0 “Service requirements for the 5G system; Stage 1 (Release 19)”. 
The following definitions and requirements related to S&F satellite operation are given in TS 22.261:

	[bookmark: _Toc45387618][bookmark: _Toc52638663][bookmark: _Toc59116748][bookmark: _Toc61885567][bookmark: _Toc146299146]3.1	Definitions
[…]
S&F Satellite operation: S&F (Store and Forward) Satellite 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.
S&F data retention period: it is the data storage validity period for a 5G system with satellite access supporting store and forward operation (e.g. after which undelivered data stored is being discarded).
[…]

[bookmark: _Toc146299381]6.46.8	Store and Forward Satellite Operation
[bookmark: _Toc146299382]6.46.8.1	Description
NGSO (MEO/LEO) based satellite access is raising higher demands on the amount of ground stations, and the availability and stability of the connectivity to ground station for UEs to obtain end-to-end network services anytime. 
S&F (Store and Forward) Satellite operation in some level provides a way to enable autonomously network service to UEs without the satellite always being connected to the ground station, which can extend the service availability for the areas without the connectivity to ground station via feeder link or ISL (e.g. at sea, very remote areas lack of ground-station infrastructures), improve the ground segment affordability with fewer ground stations and allow more robust UE services with the satellite under intermittently/temporarily unavailable feeder link.
This is particularly relevant for delay-tolerant communications via NGSO space segment.
The requirements below refer to S&F (Store and Forward) Satellite operation.
NOTE:	For more information on Store and Forward Satellite operation see Annex X.
6.46.8.2	Requirements
Subject to operator’s policies, a 5G system with satellite access shall be able to support S&F Satellite operation for authorized UEs e.g. store data on the satellite when the feeder link is unavailable; and forward the data once the feeder link between the satellite and the ground segment becomes available.
A 5G system with satellite access shall be able to inform a UE whether S&F Satellite operation is applied.
Subject to operator’s policies, a 5G system with satellite access supporting S&F Satellite operation shall be able to allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data retention period.
Subject to operator’s policies, a 5G system with satellite access supporting S&F Satellite operation shall be able to allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data storage quota.
A 5G system with satellite access supporting S&F Satellite operation shall be able to support a mechanism to configure and provision specific required QoS and policies for UE’s data subject to store and forward operation (e.g. forwarding priority, acknowledgment policy).
A 5G system with satellite access supporting S&F Satellite operation shall be able to provide related information (e.g. estimated delivery time to the authorised 3rd party) to an authorized UE.
A 5G system with satellite access shall be able 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).
Subject to operator’s policies, a 5G system with satellite access supporting S&F Satellite operation shall be able to 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. 
NOTE:	It is assumed that the satellite constellation knows which satellite has a feeder link available. However, this is outside the scope of 3GPP.
Subject to operator’s policies, a 5G system with satellite access supporting the S&F Satellite operation shall be able to support suitable means to resume communication between the satellite and the ground station once the feeder link becomes available.
A 5G system with satellite access supporting S&F Satellite operation shall support mechanisms for a UE to register with the network when the network is in S&F Satellite operation.
A 5G system with satellite access supporting S&F Satellite operation shall support mechanisms to authorize subscribers for receiving services when the network is in S&F Satellite operation.
[bookmark: _Toc45387780][bookmark: _Toc52638825][bookmark: _Toc59116910][bookmark: _Toc61885743][bookmark: _Toc146299419][…]
8.4	Authorization
[…]
A 5G system with satellite access supporting S&F Satellite operation shall be able to support mechanisms to authorize a UE to use the S&F satellite operation.
[…]
[bookmark: _Toc45387785][bookmark: _Toc52638830][bookmark: _Toc59116915][bookmark: _Toc61885748][bookmark: _Toc146299424]8.9	Data security and privacy
[…]
Subject to operator’s policies, a 5G system with satellite access supporting S&F Satellite operation shall be able to preserve security of the data stored and forwarded.
[…]
[bookmark: _Toc146299430]9.4	Satellite Access 
[…]
A 5G system with satellite access supporting S&F Satellite operation shall be able to collect charging information per UE or per application (e.g., number of UEs, data volume, duration, involved satellites).
[…]




Contributions submitted in previous releases

A number of contributions have been already submitted to 3GPP WGs in an attempt to add a minimum support for S&F in previous releases:
· R2-2301886. Departing from the observation that NB-IoT S&F operation mode may already start to be deployed under Rel-17 specs in an implementation-dependent manner for core network aspects while reusing existing delay tolerant networking and backoff mechanisms, this contribution proposed the introduction of two elements in the standard in order to enhance the support of S&F operation:
1. Addition of a “flag” in SIB31 to inform UEs that the network is operating in S&F mode. 
2. Addition of a new reject cause at NAS level to allow the network to suspend/resume a signalling procedure depending on the availability or not of the feeder link.
 	On this basis, the document provides a proposal for the addition of the “flag” for S&F in NTN SIB31.
· C1-232030. The objective of this Rel-18 WID proposal was to specify solutions in CT WG1 remit to support the attach procedure completion in the sparse LEO constellations with the limited number of ground stations. In particular, the following work was expected in CT1:
· a network serving a UE over E-UTRAN satellite access to provide the UE with
· an ATTACH REJECT message with a new reject cause indicating the procedure need to be suspended
· a timer value for the UE to indicate a proper time when the UE can re-attempt the attach procedure in the PLMN over the E-UTRAN satellite access
· the UE
· to handle the new reject cause and abort the attach procedure when receiving the new reject cause
· to start the timer with the received timer value and not attempting the attach procedure in the PLMN over the E-UTRAN satellite access until the timer expires

Proposal
[bookmark: _Hlk513714389]
It is proposed to update TR 23.700-29 on FS_5GSAT_Ph3 with the following KIs related to WT2. 
While not implemented below, it is proposed to organize Section 5 in TR 23.700-29 in separate chapters for WT1, WT2 and WT3.

[bookmark: _Toc23254036][bookmark: _Toc22214903]5	Key Issues
5.X	Key Issue #X: Informing an IoT NTN UE of whether S&F Satellite operation is activated or not in a satellite cell
[bookmark: _Toc23254038][bookmark: _Toc22214905]5.X.1	Description
When a satellite cell is operating in S&F mode, the network should be able to inform a IoT NTN UE camping on that satellite cell whether the S&F Satellite operation mode is activated.
This information could be used by the UE to, e.g., adapt its behaviour for S&F Satellite operation, for instance, selecting/adapting the application layer behaviour (e.g., not using applications with TCP transport). Also, the UE could use this information to make better decisions on e.g., network selection (e.g., a terminal may choose not to select a network operating under S&F if other options are available).
Moreover, due to the satellite movement, a particular satellite cell may be switching between normal operation mode (e.g., at the times that the satellite is connected to the ground segment via the feeder link or ISL) and S&F Satellite operation mode (e.g., at the times that the satellite is not connected to the ground segment). This could lead to situations where a UE has started communicating with the satellite cell operating in a given mode (normal or S&F Satellite operation) and, while the UE is still connected or camping in the satellite cell, the operation mode is changed. 
Different options for informing UE may be considered in the study, such as:
· Broadcasting of relevant information on S&F Satellite operation mode in SIB messages (e.g., a flag to indicate if the satellite cell is under S&F Satellite operation mode). 
· Adding specific fields at NAS signalling level for awareness and negotiation of capabilities related to S&F Satellite operation.

5.X	Key Issue #X: Exposing to an external CIoT AS/AF information to help manage data delivery to a UE reachable via S&F Satellite operation
5.X.1	Description
CIoT Application Servers (ASs) / Application Functions (AFs) interacting with UEs via the connectivity services provided by a IoT NTN satellite network that may rely on S&F Satellite operation to provide service in specific areas or times, should be made aware by the network of when an IoT NTN UE is only reachable via S&F Satellite operation and, in case, of any service limitations in terms of data delivery that may result from this condition. This is specifically relevant for Mobile Terminated (MT) traffic. 
Information to be provided to an authorised external AS/AFs could include at least:
· Information on the connectivity mode used by network to communicate with an IoT NTN UE (e.g., normal mode or S&F Satellite operation mode)
· Information on any service limitation due to S&F Satellite operation mode (e.g., estimated delivery time for traffic addressed to the UE, storage quota, etc.)

5.X	Key Issue #X: Suspension and resumption of signalling procedures in satellite cells operating in S&F Satellite operation mode
5.X.1	Description
In a satellite cell operating in S&F Satellite operation mode, if a signalling procedure starts during a satellite pass between the UE and the satellite (e.g. a network attach procedure) and the procedure cannot be concluded because some information is missing in the satellite (e.g. authentication vectors are not available within the satellite and should be retrieved from a HSS on the ground) and there is no feeder link to get such information at that moment, the satellite should be able to suspend the initiated procedure with a proper rejection cause and/or indication (e.g. the network attach procedure may be rejected with a cause like “procedure suspended due to S&F operation” and an indication like e.g. “re-try in ‘X’ minutes” could be given for the UE to retry in a next pass/satellite where authentication vectors will have been already uploaded into the satellite). 
Moreover, in a multi-satellite constellation, it should be possible to resume a procedure in a satellite other than the one in which the procedure was initially suspended. In this respect, aspects to be addressed include:
· Whether the satellite cell where the procedure is suspended should provide guidance to the UE about the next satellite cell or time period where/when the procedure may be re-attempted or resumed. 
· Whether UE context transfer is needed between satellites in S&F Satellite operation to allow the UE to resume a procedure in a different satellite.

5.X	Key Issue #X: Support of Storage capabilities for S&F Satellite operation
5.X.1	Description
Considering that the storage capabilities of a satellite are not unlimited and may vary from a constellation to another, several elements, in line with SA1 requirements, have to be considered to support S&F Satellite operation:
· S&F data storage quota per UE and/or per satellite: if the S&F data storage quota is reached, the serving satellite cannot accept data from the UE anymore until the stored data storage amount for the UE goes below is under the quota).
· S&F data retention period per UE and/or per satellite after which undelivered data stored is being discarded
· Estimated delivery time of the data to CIoT AS/AF (MO case) or to the UE (MT case)
Therefore, key aspects associated with the storage capabilities to be addressed for supporting S&F Satellite operation include:
· How to inform the UE about the estimated delivery time of the data to the CIoT AS/AF 
· How to inform an CIoT AS/AF about the estimated delivery time of the data to the UE
· How to inform the UE or CIoT AS/AF about the S&F data retention period applied in the serving satellite
· How to inform the UE or CIoT AS/AF when the S&F data retention period is reached, and the stored data has not been delivered and has been discarded
· How to inform the UE or CIoT AS/AF about the S&F data storage quota applied in the serving satellite
· How to inform the UE or CIoT AS/AF that the S&F data storage quota is reached, the serving satellite cannot accept any more data from the UE until the data storage for the UE is under the quota
· How to inform the UE or CIoT AS/AF that the S&F data storage quota is no longer reached
· How to store UL/DL data in one or more satellites

5.X	Key Issue #X: Support of Forwarding capabilities for S&F Satellite operation
5.X.1	Description
The forwarding part of the S&F Satellite operation depends on the ground stations providing a feeder link to the constellation. Once the feeder link between the satellite and the ground segment becomes available, the satellite supporting S&F Satellite operation shall be able to forward the stored data. In the same way, at the time that the feeder link is active, the data stored in the ground network that is prepared to be delivered to the UEs via the connecting satellite, shall be forwarded from the ground to the satellite.  
The number of these ground stations may be limited and can evolve during the life of the constellation. Moreover, some services/applications may require to use only ground stations located in specific areas while some services may require to use any ground station available without any restriction. 
Therefore, key aspects associated with the forwarding capabilities to be addressed for supporting S&F Satellite operation include:
· How to forward UE originated data stored in one or more satellites to the part of the network in the ground
· How to forward UE terminated data stored in the ground network to the satellite that will transport the data to the destination UE. 
· What mechanisms should be in place for forwarding of the stored traffic via the proper ground station considering different constraints (e.g., regulatory obligations for some traffic to use specific ground stations, UE/type of message/service) 
· Delivery aspect:	
· What happens if the data cannot be delivered - inform the UE or the AS/AF, try again?
· Delivery confirmation: UE may need to receive receipts/ACKs for MO TX for some applications. Likewise, AS/AFs may need to receive receipts/ACKs for MT TX.
5.X	Key Issue #X: Support of Enhanced S&F Satellite operation capabilities
5.X.1	Description
In addition to the basic store and forward capabilities, some enhanced capabilities are needed to support S&F Satellite operation for the benefits of the applications:
· Validity period of the data: The UE may want to send the data with a validity period that differs from the standard S&F data retention period. This allows for more precise control over data transmission, especially for time-sensitive applications.
· Priority Handling: Some data may be assigned priority levels that can override certain storage parameters such as S&F data storage quota and S&F data retention period. This priority system would be particularly useful in scenarios requiring the immediate delivery of data, such as emergency alerts or high-priority telemetry.
Therefore, key aspects associated with the enhanced capabilities to be addressed for supporting S&F Satellite operation include:
· How can the UE or a AS/AF establish a specific validity period for the sent data?
· How should the UE or AS/AF be informed if the data's validity period has been reached without successful delivery?
· What mechanisms should be in place for setting and managing priority levels for stored data?
· How should priority data be handled when it conflicts with existing storage parameters, such as S&F data storage quota and S&F data retention period?
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