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[bookmark: _Ref35586532]Introduction
In RAN2#125bis, the following agreements were achieved: [0]
RAN2 assumptions:
1. S&F implies that at least the full eNB will be onboard
2. An IoT NTN network shall be able to inform UE(s) whether S&F Satellite operation is applied, either via NAS or AS (wait for SA2 progress on this)
3.	The S&F satellite operation is common for NB-IoT and eMTC.
4.	The S&F satellite operation is applied to both CP solution and UP solution (for the UP solution pending on SA2 conclusions on the architecture)
In this contribution, the support of store and forward operation will be further discussed.
Discussion
2.1	 Scenario assumption
Based on the TR [1] from SA2, SA2 is considering support of store and forward operation with multi-satellites.
	[bookmark: _Toc157692398][bookmark: _Toc157447963][bookmark: _Toc164701472]7.2	Key Issue #2 Principles for evaluation
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]It is proposed to evaluate the support of Store & Forward Satellite operation (key issue#2) following the principles below:
1. Support of single and multi-satellites.


That is because limit the connection only with the same satellite will bring significant delay for the UE. Even with the LEO satellite, it takes about 90 minutes to orbit the Earth once. 
Observation 1: Considering the factor of Earth's rotation, the time interval took by the same satellite to pass over the UE twice may be up to several hours, which is intolerable from delay perspective even for S&F operation.
On the other hand, with study item of SA2 going to be completed, final conclusion/recommendation in the SA2 TR will be available in June. Considering this, RAN2 awaits SA2 study item conclusion to decision whether to support store and forward operation with multi-satellites.
Proposal 1: RAN2 awaits SA2's study item conclusion to decide whether to support store and forward operation by multi-satellites in the AS.
2.2	 Informing UE whether S&F operation is applied
RAN2 should consider access attempt to the satellite working at S&F operation by different UEs which are divided into legacy UEs (including pre-Rel-19 NTN capable UE and TN capable only UE), Rel-19 UEs which do not support S&F operation and Rel-19 UEs which support S&F operation.
· [bookmark: OLE_LINK6]For legacy UEs and Rel-19 UEs which do not support S&F operation
The long latency of S&F operation will prevent the legacy IoT NTN UE from accessing the NW successfully. Take the attach procedure as an example: if the CN elements are all located on the ground, the UE needs four rounds of connectivity establishment with the satellite in order to finish the initial attach. The times of connectivity establishment that need to be performed with the satellite can be reduced, if MME and some other CN elements are deployed on-board. However, even so, it is still hard to finish the attach procedure within one round of the connectivity establishment with the satellite (as MME may still need to communicate with related CN entities on the ground to complete UE attach). In this situation, the legacy NAS timers are not long enough to support the completion of related NAS procedure in the S&F operation, e.g., T3410 [2]. That means, even if legacy IoT NTN UEs try to access the satellite working at S&F operation, attach failure cannot be avoided eventually. The same reason is also suitable for the Rel-19 UEs which do not support S&F operation.
Observation 2: If not all the CN elements are deployed on-board, the UE needs multiple rounds of connectivity establishment with the satellites to finish the attach procedure. Legacy UEs and Rel-19 UEs which do not support S&F operation cannot succeed in getting access to the NW via the S&F operating satellite, which will bring unnecessary signalling overhead and waste of energy consumption.
Proposal 2: RAN2 confirms that only the UE which supports S&F operation is allowed to initiate access to the satellite working at S&F operation.
RAN2 also agreed "An IoT NTN network shall be able to inform UE(s) whether S&F Satellite operation is applied, either via NAS or AS (wait for SA2 progress on this)" in the last meeting. However, if an indication for S&F operation is introduced, no matter the indication is via NAS or AS, the legacy UE cannot decode it. One solution to prevent legacy UE from accessing the satellite applies S&F operation is to use the legacy barring bits, e.g., set the cellBarred and cellBarred-NTN as barred. 
Proposal 3: Rely on cellBarred and cellBarred-NTN to prevent the legacy UE from accessing the satellite working with S&F operation (i.e. with both barring bits set as "barred").
· For Rel-19 UEs which support S&F operation
For UE which support S&F operation, if both the cellBarred and cellBarred-NTN are set as barred as per above Proposal 3, the UE cannot identify whether the cell is barred due to S&F operation or other reasons. In this case, we still need an indication to control whether the Rel-19 UE supporting S&F operation is allowed to access to the cell or not. So the agreement "An IoT NTN network shall be able to inform UE(s) whether S&F Satellite operation is applied" should be interpreted as another barring bit, indicating whether the satellite is working at S&F operation and whether the satellite is barred for the UEs actually supporting S&F operation
Proposal 4: Introduce a new indication in SIB1 to inform Rel-19 UEs whether the satellite is working at S&F operation and whether the satellite is barred for access with S&F operation.
2.3	 Support CP solution for data transmission
With UP solution pending SA2 conclusions on the architecture, we will focus on how to support CP solution. If not all the CN elements are deployed on-board, the UE needs multiple rounds of connectivity establishment (with one or multiple satellites) to finish the attach procedure. With this assumption, one issue of supporting CP solution for data transmission is about the RRC state of the UE during the ongoing attach procedure not finished yet.
When one satellite which e.g., receives a NAS package via RRC setup procedure, is moving away, since the UE needs to wait for response (if needed) for a long time and it is not clear whether the response will come back from the same satellite, there is no need for the UE to keep RRC_CONNECTED state and store the related AS configurations. To this end, it is better to release the UE to RRC_IDLE. But the UE needs to keep the related NAS state to continue the attach procedure when the response comes back. That is, when the response from CN comes back, the RRC_IDLE UE establishes RRC connection with the satellite and receives the DL NAS message; then the NAS layer of UE could continue the attach procedure.
[bookmark: _GoBack]Proposal 5: During the attach procedure, the served satellite should release the UE into RRC_IDLE after receiving the NAS package from the UE via RRC setup procedure.
Conclusion
In this contribution, some potential issues on supporting S&F operation are discussed with giving corresponding observations and proposals:
Observation 1: Considering the factor of Earth's rotation, the time interval took by the same satellite to pass over the UE twice may be up to several hours, which is intolerable from delay perspective even for S&F operation.
Observation 2: If not all the CN elements are deployed on-board, the UE needs multiple rounds of connectivity establishment with the satellites to finish the attach procedure. Legacy UEs and Rel-19 UEs which do not support S&F operation cannot succeed in getting access to the NW via the S&F operating satellite, which will bring unnecessary signalling overhead and waste of energy consumption.
Proposal 1: RAN2 awaits SA2's study item conclusion to decide whether to support store and forward operation by multi-satellites in the AS.
Proposal 2: RAN2 confirms that only the UE which supports S&F operation is allowed to initiate access to the satellite working at S&F operation.
Proposal 3: Rely on cellBarred and cellBarred-NTN to prevent the legacy UE from accessing the satellite working with S&F operation (i.e. with both barring bits set as "barred").
Proposal 4: Introduce a new indication in SIB1 to inform Rel-19 UEs whether the satellite is working at S&F operation and whether the satellite is barred for access with S&F operation.
Proposal 5: During the attach procedure, the served satellite should release the UE into RRC_IDLE after receiving the NAS package from the UE via RRC setup procedure.
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