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Introduction
[bookmark: _Hlk66110521]In Rel-19, the benefits of enabling the Store & Forward operation for IoT-NTN are identified and the following scopes are included in the WID of Rel-19 IoT-NTN [1]. 

	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.



The Rel-19 IoT-NTN discussion was kicked off in the RAN2#125bits meeting [2], with the following assumptions being made from RAN2 perspectives, for supporting the S&F operation. 

	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.
1. 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 paper, we discuss the impact of the S&F satellite operation on the UE RRC and propose several way forwards to facilitate the progress in RAN2 on building this important feature. 
Discussion 
Access control for the S&F operation
It was agreed in the RAN2#125bis meeting that the IoT-NTN network shall be able to inform UEs whether S&F satellite operation is applied, either via NAS or AS. In our view, we think it is better to inform the UE as early as possible using the system information in the AS, so that the UE not capable of S&F satellite operation can save its energy by not trying to access the cell currently operating in the S&F mode. On the other hand, the UE capable of the S&F satellite operation shall be allowed to access the cell operating in the S&F mode, since the UE is able to deal with the long break for the transaction involving CN due to the temporary unavailability of the feeder link. To facilitate the access control at the UE side, it is helpful if the UE is able to distinguish the S&F operation modes of a cell, among the following situations/scenarios.
· S-1: The cell does not support the S&F operation, 
· S-2: The cell supports the S&F operation, and the feeder link is currently not available, and 
· S-3: The cell supports the S&F operation, and the feeder link is currently available.
[bookmark: _Toc163149111][bookmark: _Toc163149252][bookmark: _Toc166079734][bookmark: _Toc166242313][bookmark: _Toc166242379]The UE RRC should be able to identify a cell being in one of the following S&F scenarios:
S-1) The cell does not support the S&F satellite operation (i.e., feeder link is always available);
S-2) The cell supports the S&F satellite operation, and the feeder link is currently available;
S-3) The cell supports the S&F satellite operation, and the feeder link is currently not available.
For S-1, all the UEs capable of NTN shall be able to access the cell, if the cell is not barred for NTN access. For S-2, the UEs capable of the S&F satellite operation shall be allowed to access the cell, while the UEs not capable of the S&F satellite operation (including the legacy UE) may or may not be allowed to access cell, depending on how long the feeder link will remain available. For S-3, the network shall only allow the UEs capable of the S&F to access the cell. 
To prevent the legacy UEs from accessing the cell supporting the S&F satellite operation, one simple way is to toggle the legacy NTN barring indication (i.e., cellBarred-NTN-r17) in SIB1, and make Rel-19 UEs check an additional indication reflecting the feeder link status for determining whether to access the cell or not. In this way, whether a cell supports the S&F satellite operation or not can be known from the legacy NTN barring indication and hence only an additional one-bit indication is needed in SIB1 to distinguish between S-2 and S-3. However, this would prevent all legacy UEs from accessing cell even if the feeder link is still available. To allow legacy UEs to access a cell supporting the S&F operation mode with feeder link available, the network should not toggle the legacy NTN barring indication (i.e., cellBarred-NTN-r17) due to the support of the S&F operation mode, but only toggles the legacy NTN barring indication when the feeder link is not available. 
[bookmark: _Toc166079735][bookmark: _Toc131697246][bookmark: _Toc131761109][bookmark: _Toc134786091][bookmark: _Toc142583611][bookmark: _Toc146816738][bookmark: _Toc146816898][bookmark: _Toc146817190][bookmark: _Toc149904565][bookmark: _Toc149915730][bookmark: _Toc163149112][bookmark: _Toc163149253][bookmark: _Toc166242314][bookmark: _Toc166242380]The legacy UE and the Rel-19 UE not supporting the S&F satellite operation shall refrain from accessing a cell under S-3 (i.e., a cell with no feeder link available).
[bookmark: _Toc166079736][bookmark: _Toc166242315][bookmark: _Toc166242381]When the legacy NTN barring indication is set as ‘barred’, Rel-19 UEs need to check a new indication (in SIB1) reflecting the feeder link status to determine whether the cell can be accessed or not.
As the network may allow all types of UEs (including legacy UEs and Rel-19 UEs not supporting the S&F operation) to access the cell under S-2, there seems to be a need for the network to know whether an access attempt is from the UE with S&F capability or without S&F capability (including legacy UEs). So that the network can reject the access attempt from the UE without S&F capability if the feeder link will not last for a long time. To facilitate such network decisions, we can make Rel-19 UEs inform eNB of their S&F capabilities at the earliest timing during the initial access (i.e., via MSG3).
[bookmark: _Toc166079737][bookmark: _Toc166242316][bookmark: _Toc166242382]Rel-19 UE can inform eNB of its capability in supporting the S&F satellite operation via MSG3. 
The suspension of UE’s RRC state
[bookmark: _GoBack]While connecting to a cell operating in the satellite S&F mode with no available feeder link, the UE may first establish its RRC connection with the cell and then initiate a NAS procedure by transmitting a NAS message. For the baseline scenario where only the full eNB is onboard, it would take quite some time for the UE to receive the response to the NAS message, most likely after the UE has become out of coverage of the connected satellite and returned to the coverage again of the satellite carrying the NAS response. Therefore, during the lifetime of a NAS transaction, the UE may have moved into different RRC states multiple times. As these transitions between different RRC states may clear/reset the NAS progress especially if the UE has moved to RRC_IDLE once, we should avoid UE moving to the idle state whenever the feeder link or the service link becomes unavailable if there is any on-going NAS procedure. For this purpose, when the feeder is or becomes not available, eNB can suspend UE’s RRC connection by sending an RRC Connection Release message to the UE supporting the S&F satellite operation, where the RRC Connection Release message may include an rrc-InactiveConfig IE or set the releaseCause as ‘rrc-Suspend’. It can be further discussed if the existing RRC_INACTIVE state or the existing RRC_IDLE state with RRC suspension mode is sufficient to support all the S&F satellite operation scenarios, or a new RRC suspension state/mode is needed (i.e., a new release cause is needed).
[bookmark: _Toc166079738][bookmark: _Toc166242317][bookmark: _Toc166242383]When the feeder link is not available, eNB can suspend UE’s RRC connection by transmitting an RRC Connection Release message to the UE supporting the S&F satellite operation. FFS whether a new release cause is needed.
Conclusion
In this paper, we discuss the impact of the S&F satellite operation on the UE RRC, and respectfully ask RAN2 to discuss and consider the following proposals.
Proposal 1	The UE RRC should be able to identify a cell being in one of the following S&F scenarios: 
S-1) The cell does not support the S&F satellite operation (i.e., feeder link is always available); 
S-2) The cell supports the S&F satellite operation, and the feeder link is currently available; 
S-3) The cell supports the S&F satellite operation, and the feeder link is currently not available.
Proposal 2	The legacy UE and the Rel-19 UE not supporting the S&F satellite operation shall refrain from accessing a cell under S-3 (i.e., a cell with no feeder link available).
Proposal 3	When the legacy NTN barring indication is set as ‘barred’, Rel-19 UEs need to check a new indication (in SIB1) reflecting the feeder link status to determine whether the cell can be accessed or not.
Proposal 4	Rel-19 UE can inform eNB of its capability in supporting the S&F satellite operation via MSG3.
Proposal 5	When the feeder link is not available, eNB can suspend UE’s RRC connection by transmitting an RRC Connection Release message to the UE supporting the S&F satellite operation. FFS whether a new release cause is needed.
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