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Introduction
A minimum support for discontinuous coverage (e.g. SIB32 with satellite assistance information for prediction of discontinuous coverage and expected UE behaviour) has been already addressed in IoT NTN Rel-17 specs to facilitate, among others, cost-effective deployments of IoT NTN services with sparse LEO constellations. 
However, in addition to discontinuous coverage, another dimension that importantly contributes to the cost-efficiency of the deployment of sparse LEO constellations is the possibility to also handle discontinuous feeder link operation, allowing a satellite to be able to provide some level of service to IoT devices even when the satellite is not simultaneously connected to the ground network via the feeder link. It allows being able to provide immediately an operational service even with a very limited number of ground stations.
This possibility is now being analysed in SA1 Rel-19 work under the concept of “Store and Forward”. In this respect, TR 22.865 [1] includes several use cases and provides the following definition:  
Store & Forward Satellite operation: in the context of this study, it 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.
As described in TR 22.865, the support of store & forward (S&F) operation brings both cost-efficiency and increased flexibility in the deployment of the ground segment/NTN gateways, given that delay-tolerant, message-oriented IoT NTN services can be offered in areas visited by the satellites but with no need to have NTN gateway infrastructure.
	Observation#1. Support for discontinuous coverage and support for S&F operation are both key features to facilitate cost-effective deployment of IoT NTN services and enable an immediate operational service with sparse LEO constellations and reduced ground segment infrastructure.


Unlike support of discontinuous coverage, the topic of S&F operation was not given due consideration in Rel-17 due mainly to, in our view, the fact that Rel-17 specifications for IoT NTN were developed under the assumption of transparent payload.
However, as per our best knowledge, nothing in the Rel-17 specifications prevents an implementation of an IoT NTN system, in particular a NB-IoT NTN system, using a regenerative payload and interacting with UEs with a Rel-17 compliant radio interface. In the same way, nothing in Rel-17 specifications prevents a NB-IoT system with regenerative payload to operate in S&F mode. In this respect, notice that a very basic implementation of a S&F IoT NTN system could consist of embarking all the network functionality (eNB, MME and S/P-GW) in the satellite, so that the satellite is able to communicate with NTN UEs when flying over, with no need for the satellite to be simultaneously connected to any NTN GW on the ground, and download/upload the data retrieved from/addressed to the UE once the satellite gets in touch with the ground segment via the feeder link.
Indeed, the support of S&F operation mode is the approach being already taken by some companies such as Sateliot, and puts the 3GPP IoT NTN solution on par with other non-3GPP solutions intended for massive satellite IoT, which natively already supports S&F services. 
	Observation#2. IoT NTN Rel-17 specifications do not prevent the implementation of a IoT NTN system fully embarked in a satellite with a regenerative payload and able to interact with UE over a Rel-17 compliant radio interface and offer an S&F service.


However, while NB-IoT S&F operation mode may start to be deployed in an implementation-dependent manner for core network aspects while reusing existing delay tolerant networking and backoff mechanisms under Rel-17 specs, the support of the S&F operation mode could be significantly improved by introducing two minor modifications to the standard:
1. Addition of a “flag” in SIB31 to inform UEs that the network is operating in S&F mode. This will allow a UE to adapt its behaviour for S&F operation, for instance, selecting/adapting the application layer behaviour (e.g. not using applications with TCP transport). Also, the UE could use this information to make better decisions on e.g. network selection (e.g. a terminal may choose not to select a network operating under S&F if other options are available). 
Impacts: RAN2 

2. Addition of a new reject cause at NAS level to allow the network to suspend/resume a signalling procedure depending on the availability or not of the feeder link. In more detail, if a signalling procedure starts during a satellite pass between the UE and the satellite (e.g. a network attach) and this procedure cannot be concluded because there is some information missing in the satellite (e.g. authentication vectors are not available within the satellite and should be retrieved from a HSS on the ground) and there is no feeder link to get such information at that moment, the satellite should be able to finalize/abort the procedure with a proper rejection cause and/or indication (e.g. the network attach procedure may be rejected with a cause like “procedure suspended due to missing UE information” and an indication like e.g. “re-try in X minutes” could be given for the UE to retry in a next pass/satellite where authentication vectors will have been already uploaded into the satellite). Otherwise, if this is not added, the network should rely on existing reject causes (e.g. congestion) which do not allow the UE to be aware of the real cause of the rejection and might cause non-expected behaviour in the UE side.
Impacts: CT1. 
We believe these two modifications can be addressed in the context of Rel-17/Rel-18 in order to better support initial IoT NTN deployments in sparse LEO constellations and limited number of NTN gateways. Then, further considerations on the need of architectural changes, enhancements of the S&F operation mode (e.g. S&F data retention period, S&F data storage quota, etc.), or other cases / benefits arisen from the use of regenerative payloads, could be addressed in Rel-19.

	Observation#3. The support of S&F operation under Rel-17 specs could be improved by introducing two minor modifications to the standard:
1. Addition of a “flag” in SIB31 to inform UEs that the network is operating in S&F mode
2. Addition of a new reject cause at NAS level to allow the network to suspend / resume a signalling procedure depending on the availability or not of the feeder link



In this contribution, we make a proposal for the addition of the “flag” for S&F in NTN SIB31. 

S&F flag in SIB31

	Proposal#1. Add a new optional information element in SystemInformationBlockType31 to signal that the cell is operating in store and forward mode. 



An option is the introduction of an optional Boolean field in SIB31 to indicate that the cell is operating in store and forward mode. If the field is not present, assumption is that the network does not operate in store and forward mode. 
This optional Boolean adds only 2-bits to the encoded SIB31. 
Below, highlighted in red, is the modification proposed to be included in TS 36.331 to implement such option:

SystemInformationBlockType31
The IE SystemInformationBlockType31 contains satellite assistance information for the serving cell. SystemInformationBlockType31 is only signalled in a NTN cell.
[bookmark: _Hlk125130666]SystemInformationBlockType31 information element
-- ASN1START

SystemInformationBlockType31-r17 ::= SEQUENCE {
	servingSatelliteInfo-r17		ServingSatelliteInfo-r17,
	lateNonCriticalExtension		OCTET STRING					OPTIONAL,
	...
}

ServingSatelliteInfo-r17 ::=	SEQUENCE {
	ephemerisInfo-r17			CHOICE {
		stateVectors				EphemerisStateVectors-r17,
		orbitalParameters			EphemerisOrbitalParameters-r17
	},
	nta-CommonParameters-17			SEQUENCE {
		nta-Common-r17					INTEGER (0..8316827)		OPTIONAL,	-- Need OP
		nta-CommonDrift-r17				INTEGER (-261935..261935)	OPTIONAL,	-- Need OP
		nta-CommonDriftVariation-r17	INTEGER (0..29479)			OPTIONAL	-- Need OP
	},
	ul-SyncValidityDuration-r17		ENUMERATED {s5, s10, s15, s20, s25, s30, s35, s40,
												s45, s50, s55, s60, s120, s180, s240, s900},
	epochTime-r17					SEQUENCE {
		startSFN-r17					INTEGER (0..1023),
		startSubFrame-r17				INTEGER (0..9)
	}																OPTIONAL,	-- Need OP
	k-Offset-r17					INTEGER (0..1023),
	k-Mac-r17						INTEGER (1..512)				OPTIONAL,	-- Need OP
	storeAndForwardMode-r17			BOOLEAN							OPTIONAL,	-- Need OP
	...
}

-- ASN1STOP

	SystemInformationBlockType31 field descriptions

	epochTime
Epoch time of the satellite ephemeris data and common TA parameters, see TS 36.213 [23]. The reference point for epoch time of the serving satellite ephemeris and Common TA parameters is the uplink time synchronization reference point.
epochTime is the starting time of a DL subframe indicated by startSFN and startSubframe. For serving cell, the startSFN indicates the current SFN or the next upcoming SFN after the frame where the message indicating the epochTime is received.
If the field is absent, the UE uses the starting time of the DL subframe corresponding to the end of the SI window during which the SI message carrying SIB31 is transmitted.
E-UTRAN always includes epochTime when SystemInformationBlockType31 is provided through dedicated signalling.
In case of handover or conditional handover, this field is based on the timing of the target cell, i.e. the startSFN and startSubFrame number indicated in this field refers to the SFN and sub-frame of the target cell, and UE considers the target cell epoch time (indicated by the startSFN and startSubFrame in this field) to be the frame nearest to the frame where RRCConnectionReconfiguration message is received.

	k-Mac
Scheduling offset used when downlink and uplink frame timing are not aligned at the eNB, see TS 36.213 [23]. Unit in ms.
If the field if absent, the UE uses the (default) value of 0.

	k-Offset
Scheduling offset used in the timing relationships in NTN, see TS 36.213 [23]. Unit in ms.

	nta-Common
Network-controlled common TA, see TS 36.213 [23]. Unit of μs.
Step of 32.55208 ×10-3 μs. Actual value = field value * 32.55208 ×10-3.
If the field is absent, the UE uses the (default) value of 0.

	nta-CommonDrift
Drift rate of the common TA, see TS 36.213 [23]. Unit of μs/s.
Step of 0.2 ×10-3 μs/s. Actual value = field value * 0.2 ×10-3.
If the field is absent, the UE uses the (default) value of 0.

	nta-CommonDriftVariation
Drift rate variation of the common TA, see TS 36.213 [23]. Unit of μs/s2.
Step of 0.2 ×10-4 μs/s2. Actual value = field value * 0.2 ×10-4.
If the field is absent, the UE uses the (default) value of 0.

	orbitalParameters
Instantaneous values of the satellite orbital parameters. The signalled values are only valid for the duration as defined by ul-SyncValidityDuration and epochTime.

	stateVectors
Instantaneous values of the satellite state vectors. The signalled values are only valid for the duration as defined by  ul-SyncValidityDuration and epochTime.

	ul-SyncValidityDuration
Validity duration of the satellite ephemeris data and common TA parameters, i.e. maximum time duration (from epochTime) during which the UE can apply the satellite ephemeris without acquiring new satellite ephemeris, see TS 36.213 [23]. Unit in second.
Value s5 corresponds to 5 seconds, value s10 corresponds to 10 seconds and so on.

	storeAndForward mode
[bookmark: _Hlk126226515]The field indicates that the cell is operating in store and forward mode. If the field is not present, assumption is that the network does not operate in store and forward mode.




Instead of a Boolean field, another extendable option could be a bit-string field with a first bit used for signalling the S&F mode and the leftover bits left for future modes. 

	Proposal#2. Consider either optional Boolean or extendable bit-string as possible options to implement the new optional information element in SIB31. 



Conclusion
This contribution provides the following observations and proposals:
Observation#1. Support for discontinuous coverage and support for S&F operation are both key features to facilitate cost-effective deployment of IoT NTN services and enable an immediate operational service with sparse LEO constellations and reduced ground segment infrastructure.
Observation#2. IoT NTN Rel-17 specifications do not prevent the implementation of a IoT NTN system fully embarked in a satellite with a regenerative payload and able to interact with UE over a Rel-17 compliant radio interface and offer an S&F service.
Observation#3. The support of S&F operation under Rel-17 specs could be improved by introducing two minor modifications to the standard:
1. Addition of a “flag” in SIB31 to inform UEs that the network is operating in S&F mode
2. Addition of new reject cause at NAS level to allow the network to suspend / resume a signalling procedure depending on the availability or not of the feeder link
Proposal#1. Add a new optional information element in SystemInformationBlockType31 to signal that the cell is operating in store and forward mode.
Proposal#2. Consider either optional Boolean or extendable bit-string as possible options to implement the new optional information element in SIB31. 
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