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1. Discussion 
1.1 Solution grouping
There are 22 candidate solutions (i.e. solution #11-#27, #37-#39, #44-#45) for this KI. They can be classified into the following categories based on which CN NF(s) onboarding the satellite besides eNB/gNB onboarding:
· Cat 1: MME split, with partial MME (MME-NT) onboarding, MME-T and other NFs on the ground (#11, #14, #15, #23, #37)
· Cat 2: MME onboarding, other CN funcationalities on the ground (#22)
· Cat 3: MME and S-GW onboarding (#17)
· Cat 4: MME and HSS onboarding (#18)
· Cat 5: only RAN onboarding (#20, #21, #44)
· Cat 6: All CN funcationlity excluding HSS (MME, S-GW, P-GW ) onboarding(#12, #13, #16, #24, #45)
· Cat 7: CN and a proxy for remote endpoint onboarding (#19)
· Cat 8: UPF onboarding (#24, #27)
· Others: 
· URE is proposed to provide MME-T “the UE reachability time”, “UE reachability duration” and candidate satellites(MME-NT) (#25)
· The S&F satellite specific parameters is proposed provided by AF which can be used by other NFs for policy generation, etc. (#26)
· Exposing of registration in S&F mode to the AF (#38)
· Considering the limited storage capability on satellite, the onboard NF may configure storage quota for each UE and provide the parameter to the UE for assisting UE to manage UL data sending. (#39)
1.2 NWM discussion
The outputs of the two rounds NWM discussion for KI#2 are listed as follows:
KI2_P1: Multi-satellites scenario needs to be supported, single satellite scenario being a particular case.
KI2_P2: Roaming needs to be supported, where the network on the ground could be a visited network.
KI2_P3: Data bearer to support are MO/MT SMS and CIoT CP. CIoT UP support is nice to have option.
KI2_P4: No new mechanism is required. R17 / R18 mechanisms can be reused for UE location verification.
KI2_P5: SA3 feedback is required od security aspects for the different solutions.
KI2_P6: No specific principles to optimize UE power consumption needs to be considered in this R19 release.
KI2_P7: There is no strong requirement on time to attach and access services.
KI2_P8: Legacy UEs (Rel-17 & Rel-18 UEs) cannot be supported without modification.
KI2_P9: In addition to onboard RAN, objective shall be to minimize the CN functionalities on the satellite payload.
KI2_P10: No new NFs need to be introduced on CN side to support S&F.
KI2_P11: MME split is considered in several answers but does not correspond to new NF on CN side.
KI2_P12: HSS and P-GW need to be on the ground for home routing purpose.
KI2_P13:SA3 feedback is requested to know if, in addition to the ground HSS, HSS feature can be on-boarded.
KI2_P14: Full or part of MME need to be on board. Preferably full MME on board and in case of MME split, this split is out of 3GPP scope and shall be left to implementation.
1.3 Interim conclusions
Combing the NWM discussion outputs along with the solution grouping, it is proposed the following interim conclusions for guiding the next normative work:
1) Single satellite or Multi-satelllite scenario
Support of S&F for multi-satellite scenario, but single satellite, as a substract of multi-satellite should be support as well.
2) Roaming or Non roaming
Support of Roaming case, in which the network deployed on the ground can be a visit or home network. For supporting Roaming case, HSS and P-GW are required on the ground for home routing purpose.
3) Service requires S&F 
Support of MO/MT SMS service, CIoT CP data transmission. Support of CIoT UP data transmission is optional.
4) CN onboarding 
Partial or full of MME is preferred onboarding based on NWM survey. But considering LI concerns raised by SA3-LI (S2-2405870), CN NF onboarding the satellite may have associated LI functions which implies LI-specific functions also be required on the satellite, this may impact the complexity and resource cost of the solutions. Meanwhile, the work principle highlights impacts to UE, network functions and entities should be minimised. 
Taking the aboved mentioned factors into account, supporting only RAN node onboard the satellite and no new NF introducing to the CN is recommended to enable S&F operation.
5) others
[bookmark: _GoBack]UE location verification, UE power consumption optimization can be reused as per pre-Rel 18 mechanisms.
2. Proposal
It is proposed to capture the solution grouping (as evaluation) and interim conclusions for KI#2 to 3GPP TR 23.700-29-050.
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7.2	Key Issue #2 Evaluations
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It is proposed to evaluate the support of Store & Forward Satellite operation (key issue#2) following the principles below:
1. Support of single and multi-satellites.
1. Support of Roaming (the definition of roaming in S&F Satellite operation shall be clarified).
1. Support of MO/MT SMS service, CIoT CP/UP.
1. UE location verification
1. Security considerations (in coordination with SA3)
1. UE power consumption
1. Delay for a UE to complete the attach procedure and for a registered UE to access service
1. Support of Legacy UEs (Rel-17 & Rel-18 UEs)
1. Minimal impact on the existing 3GPP procedures
1. Whether Proprietary NFs are needed to support S&F
1. Compute and storage requirements on satellite considering limitation of satellite payload, which can be estimated based on NFs deployed on the satellite.
1. Management of the transition between phases where feeder link is available or not. 

7.2.2	Solution grouping for Key Issue #2
There are 22 candidate solutions (i.e. solution #11-#27, #37-#39, #44-#45) for this KI. They can be classified into the following categories based on which CN NF(s) onboarding the satellite besides eNB/gNB onboarding:
· Cat 1: MME split, with partial MME (MME-NT) onboarding, MME-T and other NFs on the ground (#11, #14, #15, #23, #37)
· Cat 2: MME onboarding, other CN funcationalities on the ground (#22)
· Cat 3: MME and S-GW onboarding (#17)
· Cat 4: MME and HSS onboarding (#18)
· Cat 5: only RAN onboarding (#20, #21, #44)
· Cat 6: All CN funcationlity excluding HSS (MME, S-GW, P-GW ) onboarding(#12, #13, #16, #24, #45)
· Cat 7: CN and a proxy for remote endpoint onboarding (#19)
· Cat 8: UPF onboarding (#24, #27)
· Others: 
· URE is proposed to provide MME-T “the UE reachability time”, “UE reachability duration” and candidate satellites(MME-NT) (#25)
· The S&F satellite specific parameters is proposed provided by AF which can be used by other NFs for policy generation, etc. (#26)
· Exposing of registration in S&F mode to the AF (#38)
· Considering the limited storage capability on satellite, the onboard NF may configure storage quota for each UE and provide the parameter to the UE for assisting UE to manage UL data sending. (#39)

Cat 1:
In sol#11, sol#15 and sol#37(supporting multiple satellites), sol #14(supporting single satellite), sol#23 (single satellite support for SMS), MME is split into MME-NT onboarding and MME-T on the ground:
· MME-NT performs S&F operation for the UL/DL data in the satellite. the MME-NT has no UE context, it’s responsible for encoding NAS message received from MME-T into S1AP payloads towards RAN and decoding NAS payloads from messages received from RAN and sending it to MME-T.
· MME-T manages all existing functionality of existing MME, including maintaining UE context, NAS ciphering and integrity protection.
· New interface between MME-NT and MME-T (S10) needs to be defined 
· Paging mechanism should be enhanced to be used before attachment finish (#11).
· Timer setting to prevent UE attempting access to other network due to the satellite connection intermittent.
· Security risk may exist as (#11):
· DoS attack on MME-NT due to handling of integrity protected messages without owning the NAS security keys
· Fake MME onboarding the satellite can potentially assign a larger timer to UE to withhold the UE from accessing or selection a valid network.
Cat 2: 
In Sol#22, MME is onboarding, the other CN funcationalities are on the ground:
· The onboard MME performs S&F operation when receiving SMS or MO/MT data or reject the data and receives it again at a future time when the MME approaches the UE considering utilize the satellite storage resource costly.
· To support multiple satellites serving a UE, a synchronization sytem is needed to synchronize UE context among multiple satellites (MMEs).
Cat 3:
In Sol#17, MME and S-GW are onboarding along with a new NF called SFCF:
· MME authorizes S&F operation, S-GW performs S&F operation
· A new NF SFCF(S&F Control Function) is deployed onboard for caching S&F UE subscription information and executing security related operations. Its related interface with MME and HSS need to be defined.
· HSS is proposed to pre-configure S&F UE subscription information to the UE and provide security credential to the SFCF.
Cat 4: 
In Sol#18, MME and HSS are onboarding:
· MME performs S&F operation.
· A new NF called LSS is proposed deployed on the ground. It synchronizes the UE states and UE context with onboard MME or synchronizes UE subscription and security credentials with onboard HSS when feeder link is available. New interface with MME should be defined.
Cat 5: 
Only RAN is onboarding, all CN funcationalities are deployed on the ground:
Sol#20 and #21 support single satellite serving for a UE. Sol#21 proposes CIoT CP optimisation is applied for supporting S&F with existing procedures and interfaces. Sol#20 proposes CIoT CP/UP optimisation for enabling S&F operation with the following enhancemnts:
· Supporting RRC connection/S1 connection suspend/resume procedures.
· New S1-AP message is defined for User Plane activation or indicate feeder link availability/unavailability
Sol#44 supports multiple satellites serving a UE:
· A next accessing time is generated by the current serving eNB for indicating the UE when to access in the future to resume the attach procedure.
· A S&F Monitoring list is provided to UE to indicate the UE should listen to paging only from an eNB included in the list
Cat 6:
Sol #12, #13, #16 and #24 propose all CN functionalities excluding HSS are onboarding the satellite, the same functionalities and HSS are deployed on the ground. Sol #12 supports multiple satellites serving for a UE, Sol #13, #16 and #24 support single satellite serving for a UE.
In sol#12 and sol#13:
· There are the same enhancement as Sol #11 (new interface, paging enhance and timer setting) with addition that 
· Retrieving authentication information and subscription info can be performed together to reduce the iterations.
· The MME on the ground syncs UE information (UE context) with all on-board MMEs.
In Sol#16:
· S-GW performs S&F for CP/UP CIoT EPS optimizations, MME performs S&F for SMS service 
· System enhancement with NAS pause/recover message to adapt the S&F operation
Sol#45 addresses S&F operation for SMS service. It proposed MME and SMS-GMSC (SAT) onboarding, SMS-GMSC/SC (Ground) and HSS deployed on the ground. 
Cat 7:
In Sol#19, the whole CN functionalities and a remote endpoint proxy are onboarding:
· UE performs attachment/registration, PDN connection/PDU session establishment with the onboard CN. Subsequently, the UE can perform SMS, MO/MT transactions with the onboard endpoint proxy. The endpoint proxy performs S&F operation for the transaction data.
· The endpoint proxy transfers UE status, UE MO/MT tansaction data to the SSFC deployed on the ground containing a UE proxy when feeder link is available. Transfer procedure is out of 3GPP.
· SSFC and the UE proxy, simulating satellite real time access for the UE, indicate the UE presence in its location by indicating its located TA and cell through SSFC connection to the PLMN. And transfer MO transaction data to the remote endpoint subsequently. 
Cat 8:
Sol #24 and #27 propose UPF is onboarding.
· Sol #24 proposed UPF on boarding in order to support delay-insensitive service and save feeder link resources.
· Sol #27 proposed UPF on the ground performs DL data S&F and I-UPF onboarding instead of RAN node to perform UL data S&F considering performance optimization to forward the accumulate traffic.
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Editor's note:	This clause will list conclusions that have been agreed during the course of the study item activities.
8.x Conclusions for KI#2
Combing the NWM outputs with principles highlighed in clause 4, it is proposed the following conclusions for guiding the next normative work:
· Support of S&F for multi-satellite scenario. The single satellite, as a substract of multi-satellite, should be supported as well.
· Support of Roaming case, in which the network deployed on the ground can be a visit or home network. For supporting Roaming case, HSS and P-GW are required on the ground for home routing purpose.
· Support of MO/MT SMS service, CIoT CP data transmission. Support of CIoT UP data transmission is optional.
· Support of only RAN node onboard the satellite and no new NF introducing to the CN to enable S&F operation
· UE location verification, UE power consumption optimization can be reused the mechanisms as described in pre Rel-18.
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