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Abstract of the contribution proposes a solution to KI#2 on support of Store and Forward Satellite Operation
1. Introduction
[bookmark: _Toc510607461]A solution to KI#2 on support of Store and Forward Satellite Operation is described here. The solution can support delay-tolerant/non-real-time services (CIoT/MTC, SMS) and real time services (e.g. interactive data, voice, HTTP query/responses) where a user or application is aware of S&F operation and is prepared to exchange messages composed of real time data, voice or HTTP requests responses and wait for a reply. The overall structure of the solution supports both cases.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-29. 
*** Start of the change ***
[bookmark: _Toc148441186][bookmark: _Toc151176050][bookmark: _Toc151701856][bookmark: _Toc22214907][bookmark: _Toc23254040][bookmark: _Toc146636840][bookmark: _Toc148441192][bookmark: _Toc151176058][bookmark: _Toc151701866]3.2	Abbreviations
For the purposes of the present document, the abbreviations given in TR 21.905 [1] and the following apply. An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in TR 21.905 [1].
ISL	Inter-Satellite Link
NTN	Non-Terrestrial Network
S&F	Store and Forward
SSF	Satellite S&F
SSFC	SSF Centre

*** Next change ***
6.0	Mapping of Solutions to Key Issues
Table 6.0-1: Mapping of Solutions to Key Issues
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*** Next change (all new text) ***

[bookmark: _Toc500949097][bookmark: _Toc22214908][bookmark: _Toc23254041][bookmark: _Toc146636841][bookmark: _Toc148441193][bookmark: _Toc151176059][bookmark: _Toc151701867]6.X	Solution #X: Store and Forward Operation using a UE Proxy and Endpoint Proxy
[bookmark: _Toc500949099][bookmark: _Toc22214909][bookmark: _Toc23254042][bookmark: _Toc146636842][bookmark: _Toc148441194][bookmark: _Toc151176060][bookmark: _Toc151701868]6.X.1	Description
[bookmark: _Toc500949101][bookmark: _Toc22214910]This solution supports KI#2.
A satellite operating in satellite store and forward (SSF) mode contains the functionally of a RAN node (eNB or gNB) plus a CN and has an on board proxy for remote endpoints, referred to as an endpoint proxy. A UE with Release 17 or 18 satellite access capability sees a satellite in SSF mode as providing access to a PLMN (that is on board the satellite) and applications on the UE and the user of the UE interact with the endpoint proxy that enables data and voice transfer to occur as if performed end to end. The solution can support applications that are able to operate in a simplex or half duplex mode – e.g. SMS, CP or UP data transfer, one way voice message transfer, HTTP (e.g.  Internet) queries and responses.
The solution is illustrated in Figure 6.X.1-1 and operates as follows.


Figure 6.X.1-1: SSF Operation using a UE Proxy and Endpoint Proxy and an SSFC
A satellite without a feeder link may operate in SSF mode. In this mode, an SSF indication is broadcast in SIB1 along with IDs of one or more supported PLMNs. UEs that do not support SSF mode do not access the satellite or get rejected if they do. UEs that support SSF mode may access the satellite using existing Release 17 or 18 satellite access capability – e.g. may select an indicated PLMN, establish an RRC signalling connection and perform a NAS Attach (4G) or Registration (5G) with a new indication of SSF capability. The onboard satellite CN includes a UDM or HSS that can support secure access for UEs as described later in clause 6.X.2. UEs may also establish PDN connections or PDU sessions (to the onboard satellite CN) and perform IMS Registration (to an onboard satellite IMS).. 
The UE can then perform mobile originated (MO) transactions such as sending SMS, sending data (e.g. using IP or non-IP protocols), establishing SIP sessions and sending SIP media (e.g. voice, video, text) or sending HTTP queries. Each MO transaction is sent to the onboard endpoint proxy which stores transaction data (e.g. SMS, data, voice, HTTP queries) and associated protocol and remote endpoint data and returns responses at a transport and application level that are necessary to allow correct transport and application protocol operation, avoid timeouts and enable a user (if participating) to be aware of the one way communication status. For example, in case of a user, a preconfigured SMS, voice or HTTP reply might be returned indicating when an SMS message, voice message or HTTP query sent by the user may reach the remote endpoint. For real time (e.g. IMS) services, the solution is restricted to one way transfer of messages (e.g. a voice message or a video clip). The recipient can then return a similar one way message in a reply.
Shortly before satellite coverage is lost, the satellite detaches or de-Registers the UE. If there is a radio link failure before this, the satellite and UE both perform a local detach or local de-Registration. If the UE can access a new satellite before coverage is lost, a satellite may transfer UE status including data for ongoing transactions to the new satellite using ISL and the UE then performs a handover. 
After the UE loses coverage and when the satellite obtains a feeder link to a PLMN allowed to support the UE at its previous location, the satellite (or the onboard endpoint proxy) transfers all of the stored data for the UE MO transactions to a ground based server, referred to as an SSF centre (SSFC).  The transfer procedure is not defined by 3GPP and the SSFC may belong to the satellite operator or to the MNO for the PLMN. The SSFC contains a proxy for the UE, referred to as a UE proxy, that forwards the voice or data for each MO transaction to the associated remote endpoint and is able to receive and store voice and data for mobile terminated (MT) transactions that may be returned by the remote endpoints to the UE.
The UE proxy in the SSFC may first perform a NAS Attach or Registration on behalf of the UE with the PLMN. This can occur at an Uu level where the SSFC connects to an eNB or gNB for the PLMN and emulates the behaviour of an NTN gateway that has real time satellite access to the UE.  Alternatively, the SSFC may connect to the CN of the PLMN at an S1 or N2 level and, from the perspective of the CN, emulate the behaviour of an eNB or gNB that has real time satellite access to the UE. Alternatively, the SSFC may be integrated with the PLMN in a manner not defined by 3GPP which can avoid use of 3GPP signalling and procedures between the SSFC and the PLMN. Each of these alternatives impacts the SSFC but need have no impact on 3GPP spec.s (at least for stage 3).
Subsequent to NAS Attach or Registration and establishment of any PDN connections or PDU sessions and IMS Registration, the UE proxy initiates MO transactions corresponding to those initiated early by the UE which forward the MO voice and data to the remote endpoints. The SSFC also interacts with remote endpoints to receive and store voice and data for MT transactions and, similar to the endpoint proxy in the satellite, can return responses to the remote endpoints at a transport and application level that are necessary to allow correct transport and application protocol operation, avoid timeous and enable a user at a remote endpoint to be aware of the one way communication status. For example, in the case of a user, a preconfigured SMS or voice reply might be returned indicating when an SMS message or voice message may reach the UE.
The SSFC and UE proxy can simulate continuous reachability of the UE and possibly remain permanently in a CM Connected state. The MT transaction data received and stored by the UE proxy is transferred to one or more satellites that are expected to later provide coverage to the UE. When the UE accesses such a satellite, the endpoint proxy in the satellite can transfer the MT transaction data to the UE along with supporting any new MO transactions from the UE.
Satellites carrying MT transaction data for the UE do not page the UE but instead rely on the UE instigating access. However, after initiating MO transactions, a UE or user can be advised when a satellite with MT transaction data in reply will first become available and/or can be provided with coverage data for satellites to facilitate access. 
On MT transactions, the UE could simply attach to every visible satellite and then wait for possible MO transactions from the user or applications on the UE or for MT transactions from the satellite this could be highly inefficient. A smarter UE could first wait for an indication from the user or from an application on the UE of a pending MO transaction or could wait based on knowledge of when MT transactions may arrive before performing an attach. This could be implementation dependent”
[bookmark: _Toc23254043][bookmark: _Toc146636843][bookmark: _Toc148441195][bookmark: _Toc151176061][bookmark: _Toc151701869]6.X.2	Procedures
[bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]6.X.2.1	Support of MO and MT Transactions 
An MO or MT transaction can correspond to:
	-	Transfer of one SMS message (e.g. using NAS or IMS)
	-	Transfer of a set of data to or from one remote endpoint using CP CIoT or UP
-	SIP session establishment to or from one remote endpoint, one way transfer of media (e.g. voice, video and/or text) followed by SIP session release
-	An HTTP request and/or response where the response may be preconfigured
Figure 6.X.2.1-1 shows how MO and MT transactions can be supported between a UE and remote endpoints in SSF mode.


Figure 6.X.2.1-1: Support of MO and MT Transactions
1.	A satellite operating in SSF mode broadcasts an SSF indication and supported PLMN ID(s) in SIB1.
2.	At a time T1, a UE that supports SSF mode selects a PLMN indicated in SIB1, obtains an RRC Connection and sends a NAS Attach Request or Registration Request as for Release 17/18. The UE also includes an indication of SSF capability. The MME/AMF will reject the Attach or Registration if the SSF indication is not included. The rest of the Attach or Registration procedure occurs as for Release 17/18. If the UE needs to transfer data over UP or transfer SIP media data, the UE establishes PDN connection(s) or PDU session(s) and, for SIP media, performs an IMS Registration. All UE interactions are with the RAN, CN and Endpoint proxy in the satellite and do no involve any other ground based entities.
Editor's note:	There may be new impacts for support of security and subscription data for a Registration, Attach or IMS Registration which will be defined later in clause 6.X.2.2. 
3.	The UE instigates one or more MO transactions to the satellite on board CN. Existing 3GPP procedures in Release 17/18 are used without change. The on board CN forwards MO transaction data and protocol and signalling information applicable to the remote endpoint(s) to the endpoint proxy which stores this and returns any responses to the UE necessary to ensure correct operation of transport and application protocols. The endpoint proxy may also return preconfigured application level messages to a user of the UE to clarify SSF operation. For example, a preconfigured voice message may indicate an expected delay in forwarding MO transactions to the remote endpoint(s) and may further indicate a later time when MT transaction responses may be received back at the UE from the remote endpoint(s). The endpoint proxy may also request and obtain the location of the UE (e.g. location at time T1).
4.	Shortly before the UE will lose satellite coverage; the satellite performs a NAS Detach or De-registration of the UE. If satellite coverage is lost before this can occur, the UE and onboard satellite CN each perform a local Detach or local De-registration. If ISL is supported and another satellite becomes available to the UE before coverage is lost, the satellite can transfer UE state and ongoing transaction information to the new satellite using ISL and instigate UE handover. Preventing a UE attempting handover or cell change to a new satellite when ISL is not supported can be supported without new impact by broadcasting a different TA from each satellite and prohibiting UE access to other TAs.
5.	At a later time T2 when the satellite has feeder link access to an SSFC with access to a PLMN allowed to serve the UE at its location at time T1, the endpoint proxy transfers UE status and MO transaction information to a UE proxy in the SSFC. The transfer procedure is not defined by 3GPP. If there were no MO transactions at step 3, an indication of UE presence only is transferred.
6.	The SSFC and UE proxy simulate satellite real time access to the UE at its location at time T1. If the PLMN has defined a TA and fixed cell that covers this location, the SSFC and UE proxy can indicate UE presence in this TA and fixed cell by indicating the TA and cell with SSFC connection to the PLMN at an S1 or N2 level. For SSFC connection at a Uu or N1 level, the UE proxy can send the UE location a time T1 to the PLMN when requested. The UE proxy sends a NAS Attach Request or Registration Request to the MME or AMF at a Uu/N1 level or S1/N2 level according to how the SSFC connects to the PLMN. The rest of the Attach or Registration procedure occurs normally. If the UE proxy needs to transfer data over UP or transfer SIP media data, the UE establishes PDN connection(s) or PDU session(s) and, for SIP media, performs an IMS Registration with security.
Editor's note:	There may be new impacts for support of security and subscription data for a Registration, Attach or IMS Registration which will be defined later in clause 6.X.2.2. 
NOTE:	The UE Proxy may, but is not required to, transfer SMS messages and data using the same procedures and protocols as in step 3.  For example, the UE could use CIoT to transfer data at step 3 whereas the UE Proxy could use UP.
7.	The UE Proxy instigates one or more MO transactions to transfer any data and SIP media for the MO transactions at step 3 to the remote endpoint(s). Existing 3GPP procedures are used without change. The UE proxy may send preconfigured application level messages to a user of a remote endpoint to clarify SSF operation. For example, in the case of a SIP voice media message, the UE proxy may indicate to the user that it is about to play a voice message from the UE, may indicate the time and possibly location at which the message was originally sent and may further prompt the user to replay a voice message or return a voice message reply. 
8.	Remote endpoint(s) (e.g. a user at a remote endpoint) may instigate one or more MT transactions to return responses to the UE Proxy for the MO transaction(s) received at step 7. The UE Proxy stores the received data and associated protocol and signalling information and returns any responses to a remote endpoint necessary to ensure correct operation of transport and application protocols. The UE Proxy may also send preconfigured application level messages to a user at the remote endpoint to clarify SSF operation. For example, application level messages may indicate an expected delay in forwarding MT transactions to the UE and may further indicate a later time when MO transaction responses from the UE may be received back at the remote endpoint. The UE proxy may also assemble an internal MT transaction that might be an SMS message or voice message that confirms delivery of the MO transactions at step 7 (e.g. indicates the times when MO transactions were delivered).
 9.	The SSFC periodically transfers MT transaction data obtained at step 8 to one or more satellites that will later provide coverage to the UE location for time T1. Each satellite passes the MT transaction data to an Endpoint Proxy for the UE where it is stored. The MT transaction data may be retained at the SSFC until a satellite later indicates delivery of the MT transactions to the UE. The SSFC can maintain the UE Proxy in CM Connected state or allow the PLMN to place the UE Proxy in IDLE state.  In the latter case, the SSFC simulates continuous reachability of the UE.
10.	At a later time T3, a satellite that received MT transaction data for the UE from the SSFC and UE Proxy at step 9 is able to provide coverage at the UE location. The satellite broadcasts an SSF indication and supported PLMN ID(s) in SIB1 as at step 1.
11.	The UE selects the same PLMN as at step 2, obtains an RRC Connection and sends a NAS Attach Request or Registration Request as at step 2.  Other actions in step 2 are also performed.
12.	The Endpoint Proxy instigates one or more MT transactions to the UE to forward the MT transactions received at step 9. Existing 3GPP procedures in Release 17/18 are used without change. The endpoint proxy may also provide preconfigured application level messages to a user of the UE to clarify SSF operation. For example, transfer of voice messages to the user may be preceded by a preconfigured voice message indicating the sender of each message and the time when each message was sent by the remote endpoint. 
13.	The UE may instigate one or more MO transactions to the endpoint proxy as in step 3 to reply to MT transactions received at step 12 or to initiate new transactions.
14.	Shortly before the UE will lose satellite coverage, and unless handover to a new satellite is possible using ISL, the satellite performs a NAS Detach or De-registration of the UE as in step 4, or the UE and onboard satellite CN each perform a local Detach or local De-registration.
6.X.2.2	Support of Security and Access to Subscription Data
Editor's note:	This clause will be completed later.
6.X.2.3	Transition between SSF and Real Time Modes 
Editor's note:	This clause will be completed later.
6.X.2.4	Support of Discontinuous Satellite Coverage in SSF Mode
With discontinuous satellite coverage, a UE may not be able to send and receive much MO and MT transaction data in SSF mode before coverage is lost and may be limited to only certain times of sending and receiving. For example with just one minute of satellite coverage, MO transactions initiated by a user and MT transactions sent to a user would be very limited (e.g. to voice messages of less than 1 minute in duration). To overcome such limitations, a UE (e.g. an Application in the UE) can package and assemble a generic data message containing data supplied by a user or other applications for multiple MO transactions. The generic data  message can also contain information for the intended remote endpoints.  Thus is illustrated in Figure 6.X.2.4-1.


Figure 6.X.2.4-1: Packaging of MO or MT Transactions into a Single Packaged Transaction
The generic data message is sent to a satellite in a single MO transactions and later transferred to the UE proxy in the SSFC where it is unpackaged into the original data for the different MO transactions. The original data is then forwarded as normal to the remote endpoints. Similar packaging and unpackaging can occur for MT transactions where data for multiple MT transactions and information for the associated remote endpoints is packaged by the SSFC into a single MT transactions which is transferred to a satellite, later transferred to the UE as a single MT transaction and finally unpackaged by the UE (e.g., an Application in the UE) into the original MT transactions which are made available (e.g. at a later time) to the user or other applications of the UE.
The transfer of a single packaged MO transaction from the UE to a satellite or a single packaged MT transaction from the satellite to the UE can occur using high bandwidth and be less limited by limited coverage time at the UE and availability of the user.
[bookmark: _Toc23254044][bookmark: _Toc146636844][bookmark: _Toc148441196][bookmark: _Toc151176062][bookmark: _Toc151701870]6.X.3	Impacts to Services, Entities and Interfaces
Editor's note:	There may be additional impacts for support of security and subscription data and switching between SSF and Real Time Modes which will be added later.
SMS Service:
-	No impact to signalling and procedures
-	Applications and users of SMS need to expect longer than normal delay 
Data Services (e.g. IP, UDP/IP. TCP/IP. Non-IP):
-	No impact to signalling and procedures
-	Applications and users are restricted to sending data one way where an Endpoint Proxy or UE Proxy sends preconfigured Reponses at a transport and application level to allow correct protocol operation without timeouts or abnormal termination
Voice Service:
-	No impact to signalling and procedures
-	Applications and users are restricted to one way voice messaging
HTTP Services (e.g. Internet access):
-	No impact to signalling and procedures
-	Applications and users are restricted to sending one way HTTP queries or responses where an Endpoint Proxy or UE Proxy sends preconfigured replies to allow HTTP operation without timeouts or abnormal termination 
UE:
-	New SIB1 SSF flag, new SSF capability in a NAS Attach Request or Registration Request, local Detach or De-registration if needed when satellite access is lost
-	Internal (not 3GPP defined) impacts to advise a user and applications of SSF mode
PLMN RAN:
-	No new impacts
PLMN CN
-	Impact for Prioritization of Real Time Mode if included
Satellites
-	Support of on board eNB or gNB and CN functionality according to Release 17 or 18
-	Support of an endpoint proxy (not in scope for 3GPP)
-	Support of interaction with an SSFC (not in scope for 3GPP)
SSFC:
-	Support of interaction with satellites (not in scope for 3GPP)
-	Support of a UE proxy (not in scope for 3GPP)
3GPP
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