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1 Introduction
[bookmark: OLE_LINK1]In the RAN#102 meeting, a new WID [1] on Non-Terrestrial Networks (NTN) for Internet of Things (IoT) Phase 3 was approved. One of the Objectives related to the store and forward operation is as follows:
	· 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 will discuss the topic of Store & Forward operation and give our initial views.
2 Discussion 
2.1 Motivation for S&F operation
In normal communication via satellite access, signaling, and data traffic exchange between a UE with satellite access and the ground network requires the service link and feeder link to be active simultaneously. However, under some deployment scenarios, satellites cannot always keep a connection with the ground network (e.g., sea area, desert area). Based on the current 5G system, data exchange between UE and the ground network is not feasible under this use case.
To enable data exchange for delay-tolerant and non-real-time IoT NTN service under the use case above, the Store and Forward operation is introduced to allow the end-to-end exchange of signaling/data traffic is handled as a combination of two steps (e.g., Step A and Step B as shown in Fig.1) not concurrent in time.
· In Step A, signaling/data exchange between the UE and the satellite takes place, without the satellite being simultaneously connected to the ground network (i.e., the satellite can operate the service link without an active feeder link connection).
· In Step B, connectivity between the satellite and the ground network is established so that communication between the satellite and the ground network can take place. So, the satellite moves from being connected to the UE in step A to being connected to the ground network in step B.
Observation 1: Store and Forward operation is applied to the deployment scenario that areas visited by the satellites which are not connected with ground NTN gateway infrastructure and delay-tolerant service.

[image: /Users/Berisot/Downloads/sa1 - sataccess /sf sat mode.png]
Figure 1: Store and forward operation
2.2 SA2 Progress on S&F operation
The support of Store and Forward operation is also a part of SA2 Rel-19 work. 
SA2 has discussed this topic in several meetings and captured the related key issue (i.e., key issue #2: Support of Store and Forward Satellite operation) and solutions in TR 23.700-29. In this TR, there are 20 solutions for the support of the Store and Forward operation, which are summarized as follows:
	


Architecture
	MME split architecture：
RAN and MME-NT (MME on board) on board, 
MME-T(MME terrestrial) on ground
	Solution #11, #12, #25

	
	RAN and MME on board
	Solution #13, #14, #22, #23

	
	RAN, MME, S-GW and P-GW on board
	Solution#15, #16, #39

	
	S-eNB, SFCF, S-MME, S-S-GW, and S-SCEF onboard
	Solution #17

	
	RAN, MME, and HSS on board the satellite
	Solution #18

	
	only eNB onboard satellite
	Solution #20, #21

	


Procedure
	Applied to Attach procedure.
	Solution #11~19, # 21, #22, #39

	
	MO data in Control Plane CIoT EPS Optimization
	Solution #11, #15~17, #19, #21

	
	MO data in User Plane CIoT EPS Optimization
	Solution#16, #19, #20

	
	MT data transmission
	Solution#16, #17, #19, #27

	
	SMS data transmission
	Solution #22, #23,

	Other
	Support S&F operation in 5GS
	Solution #24, #37, #38


Based on the summary above, we have the following observations:
Observation 2: Which network functions onboard have so far no consensus in SA2.
Observation 3: There is a lot of support for Attach procedures enhancement via Store and Forward operation.
[bookmark: OLE_LINK4]Observation 4: MT/MO data transmission via Store and Forward operation also has some discussion in SA2.
2.3 RAN2 view on S&F operation
2.3.1 Architecture on S&F operation
[bookmark: OLE_LINK3]As mentioned in Clause 2.2, SA2 still has divergent views on which parts of the Network function on board. RAN2 should wait for further SA2 progress on Archimedes of supporting Store and Forward operation. When the architecture for supporting S&F operation is finally concluded in SA2, RAN2 can discuss the potential RAN2 impact.
Proposal 1: RAN2 waits for the final SA2 conclusion on which parts of the network function on board.
In Rel-17 and Rel-18, only transparent payload is supported. In Rel-19, in S&F operation, regenerative payload with a full eNB should be supported, as stated in Rel-19 NTN WID. At this stage, at least RAN2 can agree to capture in stage 2 the support of regenerative payload mode with a full eNB on board.
Proposal 2: Capture in stage 2 the support of regenerative payload mode with a full eNB on board.
2.3.2 Application of S&F operation
As mentioned in Clause 2.1, the Store and Forward operation is applied to the deployment scenario in the service link and the feeder link cannot be active simultaneously. This has no relationship with the type of data needed to be transmitted and the type of UE. Thus, the Store and Forward Operation should be applied to both data exchange and signaling exchange in DL and UL, which is also aligned with the SA2 study. In addition, the Store and Forward Operation should also be applied to both eMTC and NB-IoT over NTN.
Proposal 3: S&F operation can be applied to both signaling and data transmission in UL/DL.
Proposal 4: S&F operation can be applied to both eMTC and NB-IoT over NTN.
2.3.3 Cell Access via S&F operation
No matter which network functions on board, UE should know if it is covered by a satellite with S&F capability, and then initiate signaling/data transmission via S&F operation. From the RAN2 perspective, S&F assistance information should be provided via the Uu interface to assist UE with cell discovery. Such S&F assistance information can be an indication of cell type (e.g., S&F indication) or criterion for initiating S&F operation (e.g., storage capacity on satellite), which can be provided via SIB.
[bookmark: OLE_LINK6]Proposal 5: S&F assistance information should be provided via SIB. FFS the detail.
Due to the longtime of data exchange, UE with non-S&F capability may not complete the data exchange procedure (e.g., attach procedure). For example, UE may declare the failure of the attach procedure before UE receives the NW response which is delayed due to the unavailable service link. In addition, considering the storage capacity of a satellite is limited, it is reasonable that RAN can only store the signaling/data of UE with S&F capability. Thus, a bar mechanism should be used to bar UE with non-S&F capability to initiate data transmission via a cell covered by a satellite with S&F capability. RAN2 can discuss whether the existing bar parameter can be reused.
Proposal 6: legacy UE can be barred by a cell covered by a satellite with S&F capability.
2.3.4 Procedure of S&F operation
In normal communication via satellite access, UE will keep the RRC connection during the whole initial NAS procedure (e.g., initial attach procedure). In the Store and Forward operation, UE will lose the RRC connection when the service link is not available. Based on the current mechanism, UE will finally go to IDLE due to RLF. UE may initiate the NAS procedure again (e.g., Attach request again), which is not expected in Store and Forward operation. RAN2 should study UE behavior when the service link is not available during the ongoing NAS procedure. For example, the RRC release message can be enhanced to inform UE that the RRC connection is released due to the service link is not available. Then, via AS-NAS interaction, UE can pause the NAS procedure, and wait for the DL NAS message when the service link is available again. In addition, RAN2 should also study whether UE should camp on a cell covered by another satellite or not when the serving satellite passes by.
When the satellite moves back to the area where UE is located, UE should be ready to receive the DL NAS message. Based on the current spec, the RRC setup procedure is triggered by UL data (e.g., MO signaling) or paging (e.g., MT data). However, UE may not have a valid UE identity before the initial NAS procedure is completed. Thus, the paging mechanism may not work well to trigger UE to receive the DL NAS message. Considering ephemeris is available at UE, time-based RRC connection setup may be feasible, which should be studied by RAN2.


Fig.2 NAS procedure via S&F operation
Proposal 7: RAN2 to study UE behavior when the service link is not available during ongoing NAS procedure.
Proposal 8: RAN2 to study how UE recovers RRC connection when the service link is available again during ongoing NAS procedure.
3 Conclusion
In this contribution, we discussed the topic of Store and Forward operation and gave our observations and proposals summarized as follows,
Observation 1: Store and Forward operation is applied to the deployment scenario that areas visited by the satellites which are not connected with ground NTN gateway infrastructure and delay-tolerant service.
Observation 2: Which network functions onboard have so far no consensus in SA2.
Observation 3: There is a lot of support for Attach procedures enhancement via Store and Forward operation.
Observation 4: MT/MO data transmission via Store and Forward operation also has some discussion in SA2.
Proposal 1: RAN2 waits for the final SA2 conclusion on which parts of the network function on board.
Proposal 2: Capture in stage 2 the support of regenerative payload mode with a full eNB on board.
[bookmark: OLE_LINK5]Proposal 3: S&F operation can be applied to both signaling and data transmission in UL/DL.
Proposal 4: S&F operation can be applied to both eMTC and NB-IoT over NTN.
Proposal 5: S&F assistance information can be provided via SIB. FFS the detail.
Proposal 6: legacy UE can be barred by a cell covered by a satellite with S&F capability. 
Proposal 7: RAN2 to study UE behavior when the service link is not available during ongoing NAS procedure.
Proposal 8: RAN2 to study how UE recovers RRC connection when the service link is available again during ongoing NAS procedure.
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