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Abstract of the contribution: proposes a revision of solution #19 to KI#2 on support of Store and Forward Satellite Operation
1. Introduction
[bookmark: _Toc510607461]Solution #19 to KI#2 was approved for inclusion in TR 23.700-29 at SA2#160AHE. However, clause 6.19.2.2 on Support of Security and Access to Subscription Data and clause 6.19.2.3 on Transition between SSF and Real Time Modes are currently empty with ENs saying each clause is to be completed later. Content for these clauses to resolve the ENs is provided here.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-29. 
[bookmark: _Toc157597002][bookmark: _Toc158028987][bookmark: _Toc157597003][bookmark: _Toc158028988][bookmark: _Toc326248711][bookmark: _Toc510604409][bookmark: _Toc22214911]*** Start of the change ***
6.19.2.1	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 6.19.2.1-1 shows how MO and MT transactions can be supported between a UE and remote endpoints in SSF mode.


Figure 6.19.2.1-1: 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. Support of security and subscription data for a Registration, Attach or IMS Registration is described in clause 6.19.2.2.
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 6.19.2.2.
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. Support of security and subscription data for a Registration, Attach or IMS Registration is described in clause 6.19.2.2.
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 6.19.2.2.
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.

*** Next change ***
6.19.2.2	Support of Security and Access to Subscription Data
Editor's note:	This clause will be completed later.
Three models of Security and Access to Subscription Data can be supported:
	Model A		Satellite acts as an EHPLMN for a UE as in Release 17/18
	Model B		Model A with enhancement to protect UE security credentials
Model C	Satellite acts as a VPLMN for a UE with no security or subscription pre-configuration
Editor's note:	SA3 is expected to determine suitable solutions for Models A, B and C.

*** Next change ***
[bookmark: _Toc157597004][bookmark: _Toc158028989]6.19.2.3	Transition between SSF and Real Time Modes
Editor's note:	This clause will be completed later.
Orbiting LEO and MEO satellites can support SSF mode along orbital segments where no feeder link is available and real time mode along segments where a feeder link is available. UEs which only see satellites on the SSF segments or only on the real tine segments would not need to deal with mode transitions. However other UEs will as described here.
When a satellite supporting real time mode loses access to a feeder link, the satellite would cease support for real time mode and may switch to SSF mode. UEs will then experience a coverage gap as defined in Release 17 and 18. Some UEs may then commence SSF access as described in clause 6.19.2.1. 
When a satellite supporting SSF mode obtains a feeder link, the satellite may cease SSF mode and switch back to real time mode. UEs in SSF mode can be detached or de-Registered prior to cessation of SSF mode as described in clause 6.19.2.1. Satellite coverage data provided to a UE can indicate the durations of SSF satellite coverage and, separately, the durations of real time satellite coverage. UEs can then know ahead of time when SSF coverage will cease. When an SSF coverage gap is about to occur, a UE can detach or de-Register from the satellite. This only requires a small change to the support of Unavailability Periods in Release 18 in which, for SSF mode, the option for the UE to remain in IDLE state is removed and the option to detach or de-Register is made mandatory.  
A UE that switches between SSF and real time modes may experience problems in interacting with remote endpoints as data and voice sent in real time mode could arrive (at the UE or at a remote endpoint) before data and voice sent earlier for SSF mode. MT data sent to a UE that was previously attached or registered for real time access will also be buffered at an MME and AMF, while the UE is in a real time coverage gap, which could lead to an opposite effect where MT data sent later to the UE when in SSF mode arrives first. In addition, an Attach or Registration for a UE in real time mode would pre-empt and release an existing Attach or Registration by the UE for SSF mode or the reverse. This is not a problem when a UE transitions from real time mode to SSF mode as the real time attach or registration is no longer needed. But for a transition from SSF mode back to real time mode, the real time Attach or Registration would either be released if the SSFC instigates the Attach or Registration for SSF mode in the PLMN after the real time Attach or Registration has occurred, or would cause a release of the Attach or Registration for SSF mode (and cause ongoing MO and MT transactions for SSF mode to be aborted) if the SSF mode Attach or Registration had occurred first. These problems could be partly resolved as follows.
Dual USIM UE: a UE uses one USIM for SSF access and the other USIM for real time access, thereby preventing conflicts between SSF and real time Attach or Registration. By also consistently using only SSF mode or only real time mode for communication with each remote endpoint, mis-ordering of data and voice arrival can also be avoided, This solution has no new 3GPP impact.
Use of SSF Mode or Real Time Mode only: a UE with access to satellites in both SSF mode and real time mode uses just one of these modes for access. The mode might be selected by a user and/or based on which mode provides the best (e.g. longest) coverage. This solution has only a small new UE impact.
Support of Dual Attach or Dual Registration in SSF and Real Time modes: with this solution, a UE is enabled to maintain an attach or registration for both modes at the same time. Such a solution seems likely to have complex 3GPP impacts on a UE and CN. which do not seem justified given a likely low volume of SSF usage in comparison to real time usage.  
Prioritization of Real Time Mode: with this solution, a UE can transition from real time to SSF mode with no further impact as described above. For a transition from SSF mode back to real time mode, the Attach or Registration for real time mode is given priority and is not pre-empted by an Attach or Registration for SSF mode in a PLMN. Instead, the Attach or Registration for SSF mode, if it occurs later, is rejected by the HPLMN. This would be small new CN impact, The user of a UE could then decide whether to transition back to real time mode knowing that transactions for previous use of SSF mode could be lost.
[bookmark: _Toc157597006][bookmark: _Toc158028991]
*** Next change ***
6.19.3	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.
-	Support of security model B and/or model C in clause 6.19.2.2.
PLMN RAN:
-	No new impacts.
PLMN CN:
-	Impact for Prioritization of Real Time Mode if included as described in clause 6.19.2.3.
-	Support of security model B and/or model C in clause 6.19.2.2 – applies to a VPLMN and HPLMN.
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).
-	Support of security model B and/or model C in clause 6.19.2.2 (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).
-	Support of security model B and/or model C in clause 6.19.2.2 (not in scope for 3GPP).
 

***End of changes ***
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