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[bookmark: _Toc462478989]Abstract of the contribution: This paper proposes an evaluation on KI#2.
1	Introduction
[bookmark: _Hlk158760437]
Based on the evaluation principles documented in clause 7.2 of the TR 23.700-29, this paper proposes the evaluation of solutions for KI#2.
2	Proposal
It is proposed to include the following changes in TR 23.700-29.
[bookmark: _Toc93073650]		* * * * Start of Changes (All text new) * * * *
[bookmark: _Toc157692398][bookmark: _Toc157447963][bookmark: _Toc164701472][bookmark: _Toc153818177][bookmark: _Toc153818393]7.X	Evaluation for Key issue #2
Regarding the architecture aspects, 5 options are proposed as below:
· Cat1: eNB on board Sol#20, #21, #44;
· Cat2: eNB and partial MME on board: Sol# 11, #12, #14, #15, #23, #37;
· Cat3: eNB and whole MME on board: Sol#13, #16, #17, #18, #22, #45;
· Cat4: eNB, whole CN on board: Sol#19, Sol#24 option-2;
· Cat5: gNB and UPF on board: Sol#24 option-1;
Based on the evaluation principles documented in clause 7.2, the architecture options are evaluated as below:
1. Support of single and multi-satellites.
· Cat1: Only Sol#44 can support multi-satellites by including the UE context and UE location information in S1AP message from MME, but how the eNB determines the target eNB during the attach procedure is not clear.
· Cat2: As there is an MME on the satellite and on the ground respectively, the MME on the ground can synchronize with the onboard MME to support multi-satellites deployment.
· Cat3: Only Sol#18 can support multi-satellites by introducing LSS on the ground to maintain UE context and RM/CM states.
· Cat4: Only Sol#19 can support multi-satellites by broadcasting a different TA from each satellite and prohibiting UE access to other TAs. However, whenever a satellite provides coverage to the UE, the Attach procedure will be performed. 
· [bookmark: _Hlk166882147]Cat5: Sol#24 option-1 is immature and how to perform registration procedure is not clear.

2. Support of Roaming.
· Architecture options (Cat1, Cat2, Cat3) with HSS on the ground can support roaming cases. 
· In Sol#18, subscription data can be preconfigured onboard the satellite. For those UEs without subscription data preconfigured, the MME onboard will reject the attach request and fetch the subscription and credential for the rejected UE from the HSS on the ground.
· In Sol#19, each satellite broadcasts a different TA and prohibits UE access to other TAs. In that sense, each UE can access the specific satellite that holds its subscription data.

3. Support of MO/MT SMS service, CIoT CP/UP.
· All architecture options can be developed to support MO/MT SMS service and CIoT CP, but the support of CIoT UP needs coordination with RAN WGs.  

4. UE location verification
· All architecture options can support UE location verification as legacy. 
· Considering UE location should be carried in an encrypted and integrity protected NAS message. The security procedures should be performed before the reporting of UE location information. In that sense, the candidate architecture options should support e.g. Authentication, NAS SMC procedures. 
5. Security considerations (in coordination with SA3)
· Cat1: The mutual authentication between UE and network and SMC cannot fully complete. There will be no security protection of the communication between UE and onboard eNB.
· Cat2-1: In Sol#11, #12, #37, a temporary GTUI is allocated to the UE before performing authentication.  These solutions may face security risks, e.g. DOS attacks, false BS attacks.
· Cat2-2: In Sol#14, #15, the initial attach request will be rejected by the onboard MME, and the onboard MME will fetch the authentication data for the UE, and then the authentication procedure can complete when the satellite flies over the UE’s location again. 
· Cat3-1: In Sol#13, #16, a temporary GTUI is allocated to the UE before performing authentication.  These solutions may face security risks, e.g. DOS attacks, false BS attacks.
· Cat3-2: In Sol#17, #18, UE subscription is preconfigured onboard the satellite, so that authentication and NAS security can be accomplished when service link is available.
· Cat4: As the whole CN is onboard the satellite, the authentication can complete as R17/18.
· Cat5: How to support security mechanism is not clear.
6. UE power consumption
· No specific power consumption principles need to be considered in R19.
7. Delay for a UE to complete the attach procedure and for a registered UE to access service
· Cat1: Satellite(s) need to fly over UE’ location 4 times to complete the attach procedure.
· Cat2-1: Satellite(s) need to fly over UE’s location 4 times to complete attach in Sol#11, #37, and 2 times in Sol#12.
· [bookmark: _Hlk166881873]Cat2-2: Satellite(s) need to fly over UE’s location 2 times to complete attach.
· Cat3-1: Satellite(s) need to fly over UE’s location 2 times to complete attach.
· [bookmark: _Hlk166882228]Cat3-2: Complete attach immediately at the best case where the satellite holds UE’s subscription data, and Satellite(s) need to fly over UE’s location 2 times at the worst case.
· Cat4: Complete attach immediately.
· Ca45: Satellite(s) need to fly over UE’s location 2 times.
8. Support of Legacy UEs (Rel-17 & Rel-18 UEs)
· No candidate solutions can support legacy UEs. 
9. [bookmark: _Hlk166886169]Minimal impact on the existing 3GPP procedures
· Cat1: Significant impact on eNB.
· [bookmark: _Hlk166882994]Cat2-1: Interim GUTI allocation, temporary UE context management, and interaction between MME on the satellite and MME on the ground. In addition, Sol#37 introduce a new NF URE for estimating which non-terrestrial network element can reach the UE.
· Cat2-2: New reject cause, timer to attempt another attach, and interaction between MME on the satellite and MME on the ground.
· Cat3-1: 
· Interim GUTI allocation, waiting timer for UE to listen to paging message, and temporary UE context management are introduced in Sol#13.
· Sol#16 introduce a new AS pause/recovery procedure which has Significant impact on the existing 3GPP procedure.
· Cat3-2: 
· In Sol#17, an SFCF is introduced to execute security related operations, and UE is enhanced to store UE subscription information. 
· In Sol#18, an LSS is introduced to synchronize the UE context, UE states and subscription data with MME/HSS on the satellites
· Cat4: A UE Proxy and Endpoint Proxy and an SSFC are introduced.
· Cat5: Significant impact.
10. Whether Proprietary NFs are needed to support S&F
· URE in Sol#25, 37.
· SFCF in Sol#17.
· LSS in Sol#18.
· Proxy and SSFC in Sol#19.

11. Compute and storage requirements on satellite considering limitation of satellite payload, which can be estimated based on NFs deployed on the satellite.
· Architecture option with less NFs onboard consume less resources.
12. Management of the transition between phases where feeder link is available or not. 
· All architecture options can support the transitions between phases where feeder link is available or not.
[bookmark: _GoBack]
Given the above aspects, the following principles can be derived:
· Cat1,Cat2-1,Cat3-1, Cat5 are not considered for further evaluation due to the lack of necessary security protection, and significant impact to the existing 3GPP procedures. 
· [bookmark: _Hlk166889836]HSS onboard or necessary security parameters preconfigured (Cat3-2, Cat4) for immediate satellite access is preferable, as UE may leave its previous location before the satellite obtains the authentication parameters from the HSS on the ground and flies back.
· In case where the satellite doesn’t hold the subscription data for the UE due to the limited storage resource, the satellite can fetch the subscription data for that UE from the HSS on the ground.
· A new NF or MME on the ground can be used for the synchronization of UE sates and UE context to avoid duplicated registration to multiple satellites.
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