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Introduction
In the RAN#102 meeting, the new WID of IoT_NTN_Ph3 was approved, and one of the objects is as follows[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, 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 provide our views on these issues.
Discussion
 Awareness of satellite Store&Forward mode
[bookmark: OLE_LINK1]As described in TR 22.865[2], the store & forward (S&F) operation is an operation mode of a 5G system offering satellite-access where the 5G system can provide some level of service (in storing and forwarding the data) when satellite connectivity is intermittently/temporarily unavailable, e.g. to provide communication service for UEs under satellite coverage without a simultaneous active feeder link connection to the ground segment. Comparing with normal satellite mode, as satellite in S&F mode doesn’t have a feeder link connection with ground, the satellite has to store the data from UE and forward the stored date to ground when the feeder link recovered, so the S&F mode only suitable for delay-tolerant service. Moreover, as the satellite in S&F mode has to store the data from UE and the number of UEs served by the satellite maybe huge, the storage capacity of satellite maybe challenged, so the limitations to the size/amount of data that can be sent from the UE when satellite operating in S&F mode maybe need to be enforced. Thus the service type and service traffic amount the satellite in S&F mode can provided are all different from those in normal mode, the UE need to adapt t its behaviour according the different satellite operation mode. To achieve this, the UE first needs to know when the satellite operates in S&F mode and when the satellite operates in normal mode.

[bookmark: OLE_LINK7]Proposal 1: UE needs to know when the satellite operates in S&F mode and when the satellite operates in normal mode.
There are three approaches to let the UE know the operation mode of the satellite. 
One direct approach is the network signals the current operation mode of the satellite. For example, when the satellite has feeder link with the ground, the network signaling the current operation mode is S&F mode and when the satellite doesn’t has feeder link with the ground, the network signals the current operation mode is normal mode. As this information is common to all UEs, this can be done by SIB(e.g. SIB31). And the UE needs to keep updated of the operate mode of the satellite.
The second approach is the network signals the current operation mode of the satellite and the change time of next operation mode change. For example, current the satellite has feeder link with the ground and the feeder link will lost in time T or duration T, the network can signaling the current operation mode is S&F mode and the mode change time is T or in duration T, thus in time T or after duration T, the satellite works in normal mode.
The third approach is let the UE predicting the operation mode of the satellite. In R17, the support of discontinuous coverage was introduced for UE predicting the coverage of the satellite. This is done by the NTN payload assistance information provided by network. The discontinuous coverage predicting in R17 is actually the predicting of the service link between the NTN payload and the UE exist or not. In R19 the operation mode of the satellite is related to the exist of the feeder link between the NTN Gateway and the NTN payload. So similar to the R17 discontinuous coverage predicting, the operation mode of the satellite can be predicted by UE with the feeder link assistance information provided by network.
[bookmark: OLE_LINK2]Proposal 2: RAN2 to consider the following three approaches for the UE to know the operation mode of the satellite:
· The network signals the current operation mode of the satellite.
· The network signals the current operation mode of the satellite and the change time of next operation mode change.
· The UE predicts the operation mode of the satellite with some assistance information provided by network.

[bookmark: OLE_LINK4] Paging enhancement in satellite Store&Forward mode
[bookmark: OLE_LINK3]Now the paging procedure in eNodeB is triggered by Core network, and the incoming paging message can be considered random. When the eNodeB receives paging message from CN, it triggers paging at the PF&PO at every DRX cycle according the TS36.304. For the satellite in S&F mode, the satellite has already stored the downlink data for UE in advance, and needs to page the UE when the satellite flyover the UE. As the satellite doesn’t know when to provide service for the UE, the paging sending time or area information needed to be provided by the Core network in advance.
Proposal 3:  The paging start time or area information needed to be provided to the satellite by the Core network in advance for the S&F mode.
As the satellite has already stored the downlink data for UE in advance, it means the network knows which UE needed to be paged and the paging demand is not random anymore and as the large coverage of the satellite, the number of UEs needed to be paged and the amount of downlink data needed to be send by the satellite maybe huge, which may cause paging congestion.
Observation 1  The paging demand maybe not random anymore and the paging and downlink data needed to be send by network maybe huge in S&F mode which may cause paging congestion.
Proposal 4: RAN2 to consider the paging congestion issue caused by the non-randomized and huge paging demand.
Moreover, the UE has to monitor the PF/POs in every DRX cycle no matter whether there is a paging for the UE or not. For satellite in S&F mode, the paging demand is not random and there are no more paging message from the core network as there is no feeder link between the satellite and the ground, so the paging monitoring can be optimized for power saving. For example if the UE keeps monitoring paging for some duration or some times and no paging for the UE is received or the UE has monitored the paging for the UE, the UE stop monitoring paging in the rest time when the current satellite is in S&F mode.
[bookmark: OLE_LINK6]Proposal 5: The paging monitoring can be optimized for power saving when network operates in S&F mode.
 Signaling enhancement in satellite Store&Forward mode

Some control panel signaling or NAS signaling need the UE to interact with the core network(e.g. Attach procedure, Initial Context Setup procedure,etc.), which need the service link and feeder link exist at the same time. For the satellite in S&F mode, the satellite has to store the signaling for the UE and send to the core network feeder link recovery. The satellite has to store the signaling from the core network and send to the UE when flying over the UE. The UE has to suspend the process before the completing of the signaling interact. As the satellite knows when the feeder link will recovered, thus the satellite will forward the stored signaling to the core network, and the core network will response the signaling. Then the response signaling can be send to a specific satellite which will serve the UE in the incoming time. The satellite which will serve the UE in the incoming time and can carry the response signaling can be predicted by current satellite and indicate to the UE and the core network, in this way the core network can send the response signaling to the satellite indicated by current satellite after receiving the stored signaling from current satellite, and the UE can try to receive the response signaling from the satellite indicated by the current satellite and no need to monitor paging from other satellites, which is good for power saving.
Proposal 6: The next satellite information which may carry the response signaling the UE needed can be provided by the current satellite to UE and the core network for power saving.

Conclusion
In this contribution we discussed issues related to S&F mode in IoT-NTN and made the following proposals:

Observation 1  The paging demand maybe not random anymore and the paging and downlink data needed to be send by network maybe huge in S&F mode which may cause paging congestion.
Proposal 1: UE needs to know when the satellite operates in S&F mode and when the satellite operates in normal mode.
Proposal 2: RAN2 to consider the following three approaches for the UE to know the operation mode of the satellite:
· The network signals the current operation mode of the satellite.
· The network signals the current operation mode of the satellite and the change time of next operation mode change.
· The UE predicts the operation mode of the satellite with some assistance information provided by network.

Proposal 3:  The paging start time or area information needed provided to the satellite by the Core network in advance for the S&F mode.
Proposal 4: RAN2 to consider the paging congestion issue caused by the non-randomized and huge paging demand.
Proposal 5: The paging monitoring can be optimized for power saving when network operates in S&F mode.
Proposal 6: The next satellite information which may carry the response signaling the UE needed can be provided by the current satellite to UE and the core network for power saving.
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