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1 Introduction

In IoT NTN, store and forward mode at satellite is seen as a key enhancement to support S&F operation to facilitate cost-effective deployment of IoT NTN to allow for delay-tolerant, non-real-time IoT NTN services [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


2 Discussions

2.1 SA1 requirements

SA1 TR [2] has identified several use cases for store and forward, comprising of MO, MT, inter-satellite, data transfer for IoT devices in remote area, etc. The requirements identified in the TR are also excerpted below.

Table 6.2-1 – Consolidated Requirements for Store & Forward Satellite operation [2]
	CPR #
	Consolidated Potential Requirement
	Original PR #
	Comment

	CPR 6.2-1
	Subject to operator’s policies, a 5G system with satellite access shall be able to support Store & Forward Satellite operation for authorized UEs e.g. store data on the satellite when the feeder link is unavailable; and forward the data when feeder link between the satellite and the ground segment is available.
	[PR 5.1.6-001]

[PR.5.3.6-001]

[PR 5.4.6-001]
	

	CPR 6.2-2
	A 5G system with satellite access shall be able to inform a UE whether Store & Forward Satellite operation is applied.
	[PR 5.1.6-002]
	

	CPR 6.2-3
	Subject to operator’s policies, a 5G system with satellite access supporting Store & Forward Satellite operation shall be able to allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data retention period.
	[PR 5.1.6-003]

[PR 5.2.6-002]
	

	CPR 6.2-4
	Subject to operator’s policies, a 5G system with satellite access supporting Store & Forward Satellite operation shall be able to allow the operator or a trusted 3rd party to apply, on a per UE and/or satellite basis, an S&F data storage quota.
	[PR 5.1.6-004] 
[PR 5.2.6-003]

[PR.5.3.6-003]

[PR 5.4.6-004]
	

	CPR 6.2-5
	A 5G system with satellite access supporting Store & Forward Satellite operation shall be able to support a mechanism to configure and provision specific required QoS and policies for UE’s data subject to store and forward operation (e.g. forwarding priority, acknowledgment policy).
	[PR 5.1.6-005]

[PR 5.2.6-004]
	

	CPR 6.2-6
	A 5G system with satellite access supporting Store & Forward Satellite operation shall be able to inform an authorized UE about how long the data received from the UE is expected to be stored before being delivered.
	[PR.5.16.6-001]
	

	CPR 6.2-7
	A 5G system with satellite access shall be able to inform an authorised 3rd party whether Store & Forward Satellite operation is applied for communication with a UE and to provide information associated (e.g. estimated delivery time to the UE).
	[PR 5.2.6-001]

[PR 5.2.6-005]
	Missing similar mention of the estimated delivery time for MO use case (in CPR 6.2-6)


It is observed that several requirements are to align between network and UE about the Store & Forward Satellite operation, such as the enabling of the operation, the data retention period, the data storage quota, the QoS requirements, etc.

Proposal 1: SA1 defined requirements on Store & Forward Satellite operation should be considered when RAN2 develop the solutions.

2.2 SA2 progress

In TR [3], SA2 has made some progress on the identified issues and solutions, below are some preliminary observations on SA2 progress.

Regarding the network components on board, SA2 has identified various options.

Case 1: Only eNB on board, with CN on the ground

Case 2: Partial CN (MME/UPF) on board, HSS on the ground

Case 3: Full eNB/CN on board

It has to be acknowledged that the network deployment on satellite can largely impact the Store & Forward operation. Meanwhile, how the SA1 requirements such as the satellite S&F mode indication is achieved is also being discussed by potential SA2 solutions. 

Observation 1: SA2 is discussing about multiple network deployment options on satellite for Store & Forward. 
2.3 AS layer impacts for Rel-19 IoT devices

2.3.1 High level analysis
From SA1 requirements, it is observed that the satellite Store & Forward operation should be informed to UE. At present, it is not clear whether it is indicated to UE by NAS signaling or air interface signaling.

Proposal 2: Whether RAN node informs satellite Store & Forward operation to UE is pending to SA2 progress.

From RAN2 point of view, we should try to not repeat the same discussions and solutions as SA2. Here we list some aspects for RAN2 to discuss about. We first focus on new IoT devices which support satellite S&F mode.

· Q1: When satellite is in S&F mode, whether UE can perform initial NAS attachment upon powering on?

· Q2: What are RRC idle UE behaviors, such as paging monitoring, initial network access, data reception and data transmission, etc.

· Q3: Possible operations of RRC connected state UE(s) when satellite turns to S&F mode.

For Q1, our understanding is UE NAS behavior may be impacted when satellite is in S&F mode, since UE NAS timers may likely get enlarged. It seems natural that RAN node informs its feeder link status to UE in SIB message. On the other hand, we also acknowledge that whether any optimization is required is up to SA2 to decide.

In addition to feeder link status, deployment option also impacts UE NAS behavior. For example, it is seen that for Case 2 deployment, UE may perform partial attachment according to [3].

Proposal 3: When UE powers on, whether the satellite status (normal mode or S&F mode) and deployment option is required for UE to decide its NAS layer behavior is pending on SA2 conclusion.

For Q2, for UE(s) in RRC idle state, the satellite feeder link status can lead to different UE behaviors. For example, when satellite is in normal feeder link status, UE should just perform normal operations (UE1 in Tb). Once the camping satellite turns to S&F mode, UE may skip monitoring paging message (UE1 in Ta) if it is confident that the satellite had no chance to access ground station (meaning no UE data stored at satellite). But if the satellite had chance to access the ground station before UE goes back to “in coverage”, UE should monitor paging message even if the satellite is in S&F mode (UE2 in Tc).

In summary, the RRC idle UE behaviors in the following figure look like:

· UE1 in Ta: May not perform paging monitoring since satellite feeder link status was not recovered before Ta.

· UE1 in Tb: normal operations

· UE2 in Tc: performs paging monitoring
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Fig. Satellite feeder link and service link availability

Proposal 4: RRC idle UE behavior is determined by current feeder link status and past feeder link status while UE is not in coverage.

- If satellite had once recovered feeder link, UE should monitor paging message and perform data reception.

- If satellite had never recovered feeder link, UE can skip monitoring paging message.

For MO data transmission, our view is other features such as control plane EDT/CIoT mechanisms can be configured together with S&F mode. That is, MO data transmission is feasible for RRC idle UE when satellite is in S&F mode. Other aspects should be considered for example the data volume limitation, QoS requirements of data allowed for transmission, should be considered. How to enforce those principles can be discussed when SA2 progresses more.

Proposal 5: RRC idle UE can perform initial network access and data transmissions (if configured with control plane EDT/CIoT operations) when satellite is in S&F mode.

Third question is how RRC connected UE behave when satellite turns to S&F mode. It is straightforward that network side would not be able to acquire new downlink data for UE(s) during S&F mode. While, for uplink data, it seems UE can continue perform data transmission to network as long as allowed by network. RAN node can release the DRB(s) which demand stringent latency once feeder link gets broken. Alternatively it could be left to UE handling according to pre-configured policy. Once data transmission is completed, network may likely release UE’s RRC connection for power saving purpose.

Proposal 6: For RRC connected UE, network configuration can make sure that, only DRB(s) with tolerant latency QoS can still be transmitted when satellite switches to S&F mode.

2.3.2 Legacy UE handling
For legacy UE(s) that just powered on, since UE is not aware of the satellite status, it performs normal EPS attachment request procedure after RRC connection setup. And the attachment request procedure may fail in certain deployment cases (Case 1/2 for example). Consequently, legacy UE would have to re-try EPS attachment request procedure. This definitely would lead to huge power consumption at UE. In order to address this issue, the cellBarred bit in SIB1 can be set to barred. And a new bit for barring purpose to Rel-19 IoT UE could be introduced to control the access of Rel-19 IoT UE.

However, on the other hand, if network chooses to not set cellBarrdBit in SIB1, RAN may just reject UE(s) which indicates random value in MSG3 as UE ID. The reason is UE sets UE ID as random value when it has not performed attachment yet, or when UE moved to a different TA which implies TAU signaling is following. RAN can simply reject UE because subsequent NAS signaling is inevitable.
Then, if cellBarrdBit in SIB1 is not set to barred, for legacy UE(s) that is in RRC idle state, the satellite S&F mode may not impact UE(s) operation a lot. For example, legacy UE can follow network configuration on eDRX (with PTW) for paging monitoring and data transmission. The reason is normally the data allowed for transmission in EDT/CIoT is restricted to small data and delay tolerant data. Thus, those UE(s) may be able to initiate data transmission to the satellite in S&F mode.
Proposal 7: RAN2 to discuss whether cellBarred bit in SIB1 should be set to barred to forbid legacy UE camping on the S&F mode satellite.

3 Conclusion

According to the analysis in section 2, we propose that:

Proposal 1: SA1 defined requirements on Store & Forward Satellite operation should be considered when RAN2 develop the solutions.

Observation 1: SA2 is discussing about multiple network deployment options on satellite for Store & Forward. 
Proposal 2: Whether RAN node informs satellite Store & Forward operation to UE is pending to SA2 progress.

Proposal 3: When UE powers on, whether the satellite status (normal mode or S&F mode) and deployment option is required for UE to decide its NAS layer behavior is pending on SA2 conclusion.

Proposal 4: RRC idle UE behavior is determined by current feeder link status and past feeder link status while UE is not in coverage.

- If satellite had once recovered feeder link, UE should monitor paging message and perform data reception.

- If satellite had never recovered feeder link, UE can skip monitoring paging message.

Proposal 5: RRC idle UE can perform initial network access and data transmissions (if configured with control plane EDT/CIoT operations) when satellite is in S&F mode.

Proposal 6: For RRC connected UE, network configuration can make sure that, only DRB(s) with tolerant latency QoS can still be transmitted when satellite switches to S&F mode.

Proposal 7: RAN2 to discuss whether cellBarred bit in SIB1 should be set to barred to forbid legacy UE camping on the S&F mode satellite.
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