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Introduction
A Rel-19 WI on IoT NTN [1] was agreed and incldues two primary objectives: Support for Store & Forward (S&F) operation based on regenerative payload, and UL capacity enhancements. Along with support for discontinuous coverage, support for S&F operation is key to facilitate cost-effective deployment of IoT NTN services and enable an immediate operational service with (1) sparse LEO constellations and (2) reduced ground segment infrastructure. 
Detailed WID objectives include the following [1]:
	· [bookmark: OLE_LINK13]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]
· 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



This contribution discusses RAN2 support and impact of Store and Forward operation in Rel-19 IoT NTN, specifically support for regenerative payload, notification of S&F operation, and use of inter-satellite links.
Discussion
TR 23.700-29 [2] defines Store and Forward (S&F) operation as a mode providing communication service (in storing and forwarding information) to a UE in periods of time and/or geographical areas in which the serving satellite is not simultaneously connected to the ground network via feeder link or ISL. 
· For the case of UL, "store" refers to on-board storage of UL information from UE and "forward" refers to forwarding of stored UL information to the ground network. 
· For the case of DL, "store" refers to on-board storage of DL information from the ground network and "forward" refers to forwarding of stored DL information to the UE.
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 always have NTN gateway infrastructure (e.g.mid-sea, remote areas)
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Figure 1: Example of store and forward operation
Support for Regenerative payload
Satellites are classified as having a “transparent” or “regenerative” payload. Transparent satellite payloads relay signalling between a UE and ground-based eNB via a gateway, implementing frequency conversion and RF amplification in both uplink and downlink. Regenerative payloads support additional digital processing on the signal including demodulation, decoding, re-encoding, re-modulation and/or filtering. Past releases of NTN have assumed transparent payload, but Store and Forward operation requires a regenerative payload. 
Although there are a variety of architectural options under consideration, SA2 study assumptions state “At least eNB/gNB is assumed to be on board the satellite” for all architectures considered to support Store and Forward in TR 23.700-29 [2]. This is in-line with the WID, which explicitly mentions full eNB as regenerative payload.
Observation 1:	Architectures considered in SA2 study assume that at least a full eNB is on board the satellite.
As a first step, it is suggested that RAN2 agree to support regenerative payload with full eNB on board satellite as the baseline scenario.
Proposal 1:	Regenerative payload with full eNB onboard satellite is supported in Rel-19 IoT NTN.
As part of Rel-19 work, NR NTN has also agreed to introduce regenerative payload with full gNB on board, with the following objective included in the work item description [3]:
	1. [bookmark: _Hlk153358806]Support of regenerative payload [RAN3, RAN2, RAN4]
· Specify the support of gNB on board in TS 38.300
· Specify, if needed, any necessary enhancements related to the intra and inter-gNB mobility, especially for Xn interface over feeder link or over ISL. [RAN3]
· Note: if any additional necessary stage-3 specifications impact for e.g. NGAP is identified, RAN3 will handle it.



To avoid duplication of work, IoT NTN can use specification work done in NR as baseline.
Proposal 2:	Specification of regenerative payload in IoT NTN will use Rel-19 NR NTN as baseline. 
SA2 is currently considering candidate architectures to support Store and Forward operation, evaluating each via the following criteria [2]:
· If applicable, what are the minimum necessary set of core network elements/network functions that should be placed on board the satellite(s) for the intended service(s);
· Whether and how to trigger S&F Satellite operation, and how to execute S&F Satellite operation;
· What enhancements on the related UE and network procedures are needed to support S&F Satellite operation, including:
· Whether to inform the UE when the S&F Satellite operation is applied or not.
However, there are currently 20 proposed architectures under consideration to support Store and Forward operation, each with varying levels of satellite complexity, pros and cons, and possible impacts to RAN2 work.
Observation 2:	There are currently 20 architectural solutions under consideration in SA2 study to support store and forward operation, which may impact RAN2 assumptions/impacts/enhancements.
For now, RAN2 can only assume that a full eNB on board will be available. All other options (e.g., additional CN functionality onboard the satellite) must be postponed until further progress in SA/RAN3.
Proposal 3:	Postpone discussion on RAN2 enhancements to support other network architectures (e.g., partial core network onboard satellite) until further progress in SA2. 
UE awareness and impact of S&F operation
In addition to SA2 architectural study, SA1 has also defined requirements for a 5G system with satellite access supporting store and forward operation. The following requirements are specified in TS 22.261 [4]
· A 5G system with satellite access shall be able to inform a UE whether S&F Satellite operation is applied.
· 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 authorized 3rd party) to an authorized UE.
From the above, it seems UE should be aware of at least: 1) when S&F operation is applied; and 2) how long S&F operation applies. To fulfil SA1 requirements, at least some signalling is needed to indicate when the satellite is operating in S&F mode, as well as when the satellite expects to return to normal operation. However, the signalling method (e.g., broadcast, NAS etc.) depends on which architecture is decided by SA2. discussion on UE notification of S&F operation should therefore be postponed until further progress in SA2.
Proposal 4:	Postpone discussion on notifying UE of S&F operation until further progress in SA2. 
Furthermore, SA1 provides the following requirements for a 5G system with satellite access, subject to operator’s policies [4]:
· …allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data retention period.
· … allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data storage quota.
· … be able to support a mechanism to configure and provision specific store and forward QoS and policies for a UE (e.g. forwarding priority, acknowledgment policy).
However, impact of data storage, retention, and QoS policies is also highly dependent on the service and network architecture deployed to support S&F operation. RAN2 should therefore postpone discussion on S&F impact to data transmission (e.g., traffic type, QoS parameters etc.) until further progress in SA as well. 
Support for Inter Satellite Link (ISL)
One way to circumvent a lack of feeder link is by forwarding data to a satellite which still has one via an inter-satellite link (ISL). Inter-satellite links enable connectivity between satellites via a non-3GPP defined link. RAN3 is currently working in NR NTN to specify, if necessary, enhancements to support Xn interfaces over ISL. 
The following requirements are specified in TS 22.261 [4]
· 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. 
However as discussed in SA2 Architecture study TR 23.700-29 Section 4 [2]:
· Store and Forward Satellite Operation shall work without ISL.
Since the presence of ISLs cannot be guaranteed (e.g., during sparse constellation) and SA2 assumes that any solution should work without ISL, RAN2 work should also not assume that ISLs are present and should focus on solutions which work with or without the presence of ISLs. Any solution which requires ISLs (e.g., IAB-like routing) should be deprioritized in Rel-19.
Proposal 5:	Deprioritize RAN2 enhancements to support S&F operation requiring ISL(s). 
Conclusion
In this contribution the following observations and proposals are made regarding support for Store and Forward operation in non-terrestrial networks
Observation 1:	Architectures considered in SA2 study assume that at least a full eNB is on board the satellite.
Observation 2:	There are currently 20 architectural solutions under consideration in SA2 study to support store and forward operation, which may impact RAN2 assumptions/impacts/enhancements.
Proposal 1:	Regenerative payload with full eNB on satellite is supported in Rel-19 IoT NTN.
Proposal 2:	Specification of regenerative payload in IoT NTN will use Rel-19 NR NTN as baseline. 
Proposal 3:	Postpone discussion on RAN2 enhancements to support other network architectures (e.g., partial core network onboard satellite) until further progress in SA2. 
Proposal 4:	Postpone discussion on notifying UE of S&F operation until further progress in SA2. 
Proposal 5:	Deprioritize RAN2 enhancements to support S&F operation requiring ISL(s). 
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