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1	Introduction
[bookmark: _Toc499559238][bookmark: _Toc61387172][bookmark: _Toc147158671]In the last meeting, the following agreements were achieved for the Store & Forward (S&F) satellite operation [1]: 
	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, we further discuss the basic procedures for S&F satellite operation, the S&F indication, and UE’s RRC state in S&F satellite operation.
2	Discussion
[bookmark: _Toc499559239][bookmark: _Toc61387173][bookmark: _Toc147158672][bookmark: _Hlk162946407]2.1	Basic procedure for S&F satellite operation
Currently, SA2 is discussing two kinds of modelling about the S&F satellite operation:
Modelling 1: After sending the RRC connection request, UE is served by the same satellite/eNB before being released to IDLE. 
Modelling 2: After sending the RRC connection request, UE can change the serving satellite/eNB before being released to IDLE.
For Modelling 2, UE context transfer is needed among multiple satellites/eNBs. Considering the connection between the satellites/eNBs, and the connection between the satellite/eNB and the CN are not always available, it should be studied in RAN3 and SA2 first. From RAN2 perspective, we can start from Modelling 1.
Proposal 1: RAN2 can start from Modelling 1, i.e., after sending the RRC connection request, UE is served by the same satellite/eNB before being released to IDLE. Modelling 2 (involving change of serving eNB) can be discussed after sufficient progress is made in RAN3/SA2.
One specific characteristic of S&F satellite operation is that service link and feeder link are not available at the same time. Therefore, the transmission towards one direction will consist of three steps: transmission over service/feeder link, store, and transmission over feeder/service link. One example is given in Figure 1. 
[image: ]
Figure 1: Basic procedure for S&F
In step 1 the UE sends uplink data/signalling to eNB when service link is available and the eNB stores it. When feeder link is available, the eNB sends the uplink data/signalling to the CN in step 2. The eNB receives the downlink data/signalling from the CN and stores it when feeder link is available in step 3. The eNB sends the downlink data/signalling to the UE when service link is available again in step 4. Hence, we propose to consider these steps as a baseline for uplink/downlink message/data transmission during S&F satellite operation.
Proposal 2: For the uplink/downlink messages transmission, the following steps are taken as baseline for S&F satellite operation:
1) The UE sends uplink data/signalling to eNB when service link is available and the eNB stores it. 
2) When feeder link is available, the eNB sends the uplink data/signalling to the CN.
3) The eNB receives the downlink data/signalling from the CN and stores it when feeder link is available.
4) The eNB sends the downlink data/signalling to the UE when service link is available again.

2.2	S&F indication and access control
It was agreed in the last meeting that “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)”.
From network prospective, Access control is an important factor and it is important to let the UEs know about the S&F functionality so that any UE does not attempt unnecessary access on such dedicated IoT NTN network. Furthermore, since the S&F satellite operation works very differently from legacy operation and is only applicable for the delay tolerant IoT NTN UEs, only the Rel-19(+) UEs supporting S&F service should be allowed to access the S&F network. The UEs not supporting S&F operation should not access the S&F cell at all. Based on these reasons, the S&F indication should be at least sent via AS. Because the UE cannot receive NAS signalling before accessing the S&F cell. If there is no AS S&F indication, a UE not supporting S&F may first access a S&F cell before knowing the cell type, but then receives the NAS S&F indication and finds out it should not access the cell, which makes no sense.
Proposal 3: S&F indication via AS is supported. FFS if any S&F indication via NAS is needed.
Following legacy principle, a S&F cell may need to bar the S&F UEs, so a new barring bit is needed in the SIB, e.g., cellBarredSF. In this case, this new barring bit can be implicitly used as the S&F indication. Specifically, the presence/absence for the IE indicates whether the cell is a S&F cell. And if the IE is present, the barred/not-barred value indicates whether the S&F UEs are barred. 
The Rel-19(+) UEs know the cell is a S&F cell according to the presence of cellBarredSF IE. For the Rel-19(+) UEs not supporting S&F, they directly consider the S&F cell as barred; and for the Rel-19(+) UEs supporting S&F, their access can be controlled by setting appropriate value of cellBarredSF.
The legacy UEs can be barred from a S&F cell by reusing the legacy barring bits. For example, the cellBarred in the MIB and the cellBarredNTN in the SIB1 of the S&F cell are both set as “barred”.
Based on the above analysis, it is proposed:
Proposal 4: A new S&F barring indication is broadcasted in the SIB which can implicitly indicate S&F satellite operation.
Proposal 5: Rel-19(+) UEs not supporting S&F should consider a cell performing S&F satellite operation as barred.
Proposal 6: Legacy UEs should be barred by cellBarred and cellBarredNTN in a cell performing S&F satellite operation. 

2.3	UE’s RRC state when service link is not available
When the service link is not available for S&F, the scenario is kind of similar to the discontinuous coverage. For discontinuous coverage, the UE enters RRC_IDLE and stops the related idle mode tasks for NTN. However, when the service link is not available for S&F, it may not be good for the UE to go to IDLE, because when the service link will be made available again, the UE would have to establish a new RRC connection. Correspondingly, the UE needs to generate a new AS security key and the eNB needs to acquire the key from the MME which is not possible if the MME is not on board. Besides, since the NW has stored UE context in this scenario, UE doesn’t need to go to IDLE, which will cause unnecessary signalling and decrease the overall system efficiency.
Proposal 7: RAN2 to discuss UE’s RRC state and the related behaviours when service link is not available for S&F satellite operation.
3	Conclusion
This contribution discusses the store and forward operation for IoT NTN and we have the following proposals:
Basic procedure for S&F satellite operation
Proposal 1: RAN2 can start from Modelling 1, i.e., after sending the RRC connection request, UE is served by the same satellite/eNB before being released to IDLE. Modelling 2 (involving change of serving eNB) can be discussed after sufficient progress is made in RAN3/SA2.
Proposal 2: For the uplink/downlink messages transmission, the following steps are taken as baseline for S&F satellite operation:
1) The UE sends uplink data/signalling to eNB when service link is available and the eNB stores it. 
2) When feeder link is available, the eNB sends the uplink data/signalling to the CN.
3) The eNB receives the downlink data/signalling from the CN and stores it when feeder link is available.
4) The eNB sends the downlink data/signalling to the UE when service link is available again.
S&F indication and access control
Proposal 3: S&F indication via AS is supported. FFS if any S&F indication via NAS is needed.
Proposal 4: A new S&F barring indication is broadcasted in the SIB which can implicitly indicate the S&F satellite operation.
Proposal 5: Rel-19(+) UEs not supporting S&F should consider a cell performing S&F satellite operation as barred.
Proposal 6: Legacy UEs should be barred by cellBarred and cellBarredNTN in a cell performing S&F satellite operation. 
UE’s RRC state when service link is not available
Proposal 7: RAN2 to discuss UE’s RRC state and the related behaviours when service link is not available for S&F satellite operation.
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