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1. Introduction
[bookmark: _Toc510607461]This paper provides the evaluation and conclusion for KI#2.
.
2. Text Proposal
The following text is proposed to be applied to TR 23.700-29. 
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7.2	Key Issue #2 Principles for evaluation
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. 

There are 22 candidate solutions (solutions #11, #12, #13, #14, #15, #16, #17, #18, #19, #20, #21, #22, #23, #24, #25, #26, #27, #37, #38, #39, #44, #45) for this KI, they can be divided into two categories based on it is 4G or 5G solution. 
Regarding 4G solutions, they can be divided into seven categories based on the architecture impact:
-	Cat 1: solutions with only eNB onboard (#20, #21, and #44). Solution #20, #21 support single satellites, solution #44 supports multi-satellites. All candidate solutions provide solutions for attach, MO/MT data. Sol#20 proposes the MO/MT data delivery by UP or CP, and sol#21 and sol#44 propose MO/MT data transmission using control plan. So the impacts on the entities including MME, RAN and UE, which requires eNB to maintain the S1 interface, store the UE context, and Store and Forward the data/signalling, and has dependency on the RAN.
-	Cat 2: solutions with eNB and MME functionalities onboard. (Considering whether and how to split the MME is implementation based, solutions based on whole or partial MME are all included)
	Solution
	on-board entity (in addition to eNB)
	single /multi satellites
	Supported services
	Security 
	Delay

	#11
	MME-NT
	multi
	MO/MT Data Transport in Control Plane CIoT EPS Optimisation in S&F, Connection Suspend and Resume Procedure
	none authentication for the first few steps.
Usage about interim GUTI 
	3 times of satellites contacts

	#12
	MME-onboard
	multi
	Attach without PDN connectivity
	none authentication for the first few steps.
Usage about temporary GUTI
	1 time of satellite contact

	#13
	MME-onboard
	single
	Attach without PDN connectivity
	
	1 time of orbiting

	#14
	MME-SAT
	single
	Initial Attach 
	No
	1 time of orbiting

	#23
	MME-SAT
	single
	MO and MT SMS
	Not known
	1 time of orbiting

	#22
	Whole MME
	both
	SMS in MME and data transmission in Control Plane CIoT EPS Optimisation,
	Not known
	1 time of orbiting


For Cat 2 solutions, they can be further classified into two categories, one is only partial MME onboard (#11, #12, #13 #14 and #23), the other is the whole MME onboard (#22). 
For those solutions based on partial MME onboard, sol #11, #12 support multi-satellites, solution#13 #14 and #23 support single satellites. And different services based on some enhancement are proposed as shown in the Table. Another major difference is how the MME treat the registration request which may need security consideration. Sol#14 rejects the request with cause and timer, sol#12 sends partial accept with temporary GUTI (which can be unprotected), sol#11 provides an interim GUTI. As for the delay for UE, usually, in single satellite based solution, the UE needs to wait for the coverage from same satellite, implying that the UE needs to wait for the entire orbiting time. The delay for UE in multiple satellite solutions depending on the number of contract time. 
-	Cat 3: Solutions with eNB, whole MME, SGW, and PGW onboard (#12, #13, and #39). In addition to the services provided in the above categories, this architecture supports the session establishment with minor enhancement.
-	Cat 4: Solutions with eNB, whole MME and HSS onboard (#18). Sol#18 supports the MO/MT Data Transport in Control Plane. With the subscription and credentials in the onboard HSS, the attach procedure could be done in one contact. However the synchronization between the onboard HSS and the HSS on the ground needs to be considered.
-	Cat 5: Solutions with subset of CN, and new functionality (Proxy included) onboard (#17, #19). Solutions #17 deploys the SFCF(S&F control function),S-MME,S-S-GW,S-SCEF onboard providing the MO/MT Data transmission service. Solutions #19 deploys the whole CN + EndPoint Proxy onboard onboard providing the MO/MT Data transmission service. IOPS solution is proposed to support the security issues, but the IOPS solution is dependent on the USIM.
-	Cat 6: Solutions with C-SGN onboard. Solutions #15 deploys the subset of the C-SGN with part of MME functionalities onboard, and provides data transfer using Control Plane. Solutions #16 deploys C-SGN functions, subset of the CN(MME, SGW, PGW) onboard, and provides MO/MT SMS, Data transmission. 
Regarding 5G solutions, Solution #24, #27, #37 propose different architecture proposals.
-	Cat 1: solutions with gNB + partial AMF onboard (#37). Solution#37 proposes to split the AMF of 5G as what proposed in solution#11.
-	Cat 2: solutions with gNB + UPF onboard (#24, #27). Solution#27 proposes to put UPF onboard to optimize the user plane transmission. Solution#24 proposes to enhance the registration procedure when only UPF onboard.
-	Cat 3: solutions with eNB + whole CN onboard (#24). Solution#24 proposes to put AMF, SMF, UDM/AUSF onboard to introduce minimum impact of the 5G system procedure.
Information exposure aspect (#26, #38). Solution #26 proposes overall procedure for Provision of Store and Forward Satellite Specific Parameters. Solution #38 proposes to expose information such as UE registered in S&F Mode, Feeder-Link is availability, and Expected delivery time to an AF.
All the solutions above try to solve the store and forwarding requirement. But after some internal discussion and further collaboration with the 3rd parties, it seems the application service cannot tolerate an out-of-control or unstable network connection and transmission. So general idea is that there should always have one satellite covering the UE at all times. 
If the constellation can support that there is at least one satellite covers the UE at any time, the deployment requirement is that: for satellites at an altitude of around 1000KM, it is only when the constellation size reaches 300 satellites, that can ensure the presence of a satellite covering a specific UE at any time. 
In this case, when an attachment(4G) or registration/PDU session establishment(5G) happen, two things may happen:
1) If the HSS/UDM is on the ground, the signaling from MME (if onboard) should always be sent to the ground and the entire procedure should be completed within this satellite coverage period.
2)If the HSS/UDM  is on board, the entire procedure should be completed within this satellite coverage period, and then further authentication/authorization will need to be consulted with  SA3.
It is not good for the MME-onboard to store the attachment signaling (mainly the authentication message) and wait to find the ground station and ground CN. And then  the authentication message is transferred to another satellite via ground. The service requirement cannot be satisfied by this approach, and the current constellation does not need to support such kind of complex network mechanism.
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[bookmark: _Toc165282615][bookmark: _Toc164467607]8.X	Conclusions for Key Issue #2: Support of Store and Forward Satellite operation
[bookmark: OLE_LINK1]Option1: 
The following aspects are concluded as principles for normative work:
-	The satellite constellation support that there is always one satellite serves the UE;
-	When the MME/AMF onboard accept the N1/N2 message, the message can be delivered to the ground station/or through the ISL to the ground station.
-	For EPC, the attachment procedure can be completed within the period that the satellite serving the UE.
-	For 5GC, the registration procedure and PDU session establishment procedure(if needed) can be completed within the period that the satellite serving the UE.
Option2: 
[bookmark: OLE_LINK2]The following aspects are concluded as principles for normative work:
-	HSS/UDM can be deployed on board to support the whole procedure of attachment/registration/ /PDU session establishment;
NOTE: the security aspects of the HSS/UDM onboard should be solved depending on SA3 work.
[bookmark: _GoBack]-	For EPC, the MME/SGW/PGW can be deployed on-board ;
-	For 5GC, the AMF/SMF/PSA UPF can be deployed on board ;
Option3:
The following aspects are concluded as principles for normative work:
-	There is no normative work for KI#2.
