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1. Discussion
According to the different deployment architectures proposed, the architectures are grouped in the table 1.1-1.
Table 1.1-1: Architectures Grouping for KI#2
	Architecture options
	Further classification
	Solution# per group

	G1: eNB only onboard
	G1-1: Single-sat
	#20, #21

	
	G1-2: Multi-sat
	#44

	G2: eNB + partial MME onboard
	G2-1: Single-sat
	#14, #23

	
	G2-2: Multi-sat
	#11

	G3: eNB + whole MME onboard
	G3-1: Single-sat
	#13, #22

	
	G3-2: Multi-sat
	#12

	G4: eNB + whole MME + partial C-SGN(SMS-GMSC) onboard
	G4-1: Single-sat
	#45

	
	G4-2: Multi-sat
	#15

	G5: eNB + whole MME + C-SGN onboard
	Single-sat
	#16

	G6: eNB + C-SGN with new function (SFCF)
	Single-sat
	#17

	G7: eNB + whole MME + HSS onboard
	Single-sat/Multi-sat
	#18

	G8: eNB + whole CN + EndPoint Proxy onboard
	Single-sat
	#19



The following are 12 principles for evaluation agreed in the last meeting:
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. 
The discussion analyzes principles and proposes the way to go forward.
For different architectures, the principles #5, #7, #9, #10 and #11 are significant differences. The principle#1, #2, #3, #4, #6, #8 and#12 are general requirements which has an unified conclusion.
· For principle#1, if coordinated with appropriate satellites, all architectures can be developed to the multi-satellite solution. If there is only one suitable satellite, multi-satellites solution would also be a single satellite solution.
· For principle#2, all architectures can be developed to support roaming.
· For principle#3, all architectures can be developed to support multi-satellites MO/MT SMS service, CIoT CP. 
· For principle#4, the existing Rel-17/18 procedure can be reused for UE location verification.
· For principle#6, this should be a general principle to be considered in normative phase.
· For principle#8, it is not necessary to support the legacy UEs.
· For principle#12, all architectures can be developed to support the transition between phases.
Therefore, the principles #5, #7, #9, #10 and #11 can be selected as the primary principles to make the solution choices. 
As the premises that the same satellite serving the same UE location again at worst case needs 24 hours and each time of signaling S&F requires approximately 1.5 -2 hours when multi-satellites are involved, the evaluations for the primary principles are shown in the following table:
Table 1.2-1: Solution Grouping for principle #5, #7, #9, #10 and #11
	Architecture options
	Solution# per group
	Further classification
	P#5
	P#7
	P#9
	P#11,#10

	G1: eNB only onboard
	#20, #21
	G1-1: Single-sat
	DDos and FBS issues need further study by SA3,
	3 times of  satellite orbiting before sending the first UL packet: 24*3 = 72 hours*
	Procedure enhancement
	eNB is required to S&F UL/DL data

	
	#44
	G1-2: Multi-sat
	DDos and FBS issues need  further study by SA3,
	3 times of satellite orbiting:1.5*3 = 4.5 hours**
	Procedure enhancement
	eNB is required to S&F UL/DL data and calculate serving eNB list

	G2: eNB + partial MME onboard
	#14, #23
	G2-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME-SAT processes attach procedure

	
	#11
	G2-2: Multi-sat
	No security issue
	3 times, 4.5 hours
	Procedure enhancement
	MME-SAT doesn’t process attach procedure

	G3: eNB + whole MME onboard
	#13, #22
	G3-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME on board processes attach procedure

	
	#12
	G3-2: Multi-sat
	No security issue
	1 time, 1.5 hours
	Procedure enhancement
	MME on board processes attach procedure with the help of anchor MME on the ground

	G4: eNB + whole MME + partial C-SGN(SMS-GMSC) onboard
	#45
	G4-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME and partial SMS-GMSC on-board process attach request with the help of SMS-GMSC on the ground

	
	#15
	G4-2:Multi-sat
	No security issue
	2 times, 3 hours
	Procedure enhancement
	partial C-SGN on-board process attach request with the help of C-SGN on the ground 

	G5: eNB + whole MME + C-SGN onboard
	#16
	Single-sat
	No security issue
	2 times, 48 hours
	Procedure enhancement
	C-SGN on-board processes attach request

	G6: eNB + C-SGN with new function (SFCF)
	#17
	Single-sat
	No security issue
	immediately, 
24hours at most to receive DL signalling/data
	New NF proposed
	C-SGN on-board  processes attach request
A new SFCF is introduced to manage UE subscription

	G7: eNB + whole MME + HSS onboard
	#18
	Single-sat
	No security issue
	immediately, 
24hours at most to receive DL signalling/data
	Procedure enhancement
	MME and HSS are deployed on the satellite.

	G8: eNB + whole CN + EndPoint Proxy onboard
	#19
	Single-sat
	No security issue
	immediately, 
	Procedure enhancement
	Whole CN and a new application layer end point proxy are deployed on the satellite. 



Even the S&F Satellite operation is suited for the delivery of delay-tolerant/non-real-time satellite services, with a waiting time of more than 24 hours, which is impossible for UE to complete the attach procedure. If multi-satellites are involved, each time of signaling S&F requires approximately 1.5 -2 hours, which is more feasible for UE to attach to the network. 
According to the evaluation table above, the following architecture options are proposed as feasible candidates based on the delay in obtaining network services: G1-2, G2-2, G3-2, G4-2, G6, G7, G8. 
The nature of G2-2, G3-2 and G4-2 are same, i.e. MME functionalities are deployed on the satellite and ground. Since there are no security NFs on the satellite, G1-2 would be vulnerable to DDoS attack, further evaluation in SA3 is needed. Thus choose G3-2 with the shortest delay to represent them.
For G6 and G8, architectures require proprietary NF, and additional satellite payloads are needed. 
For G7, architectures with HSS onboard have less impact on existing 3GPP procedure. However, this architecture needs to consider some operators’ concerns about whether the subscription data can be deployed on satellites and needs to further check with SA3.
Thus, G3-2 and G7 can be selected as the baseline architecture to support S&F.
Therefore, there are two architectural options to support Store and Forward:
· Option A: eNB and whole MME on the satellite:
· When feeder link is not available, the eNB broadcasts that it is in the S&F satellite operation mode.
· UE initiates an Attach Request including the capability to support the S&F operation. 
· MME on-board rejects the Attach Request with an appropriate cause value and includes a timer to indicate the next time UE can initiate the attach procedure to one satellite.
· When feeder link is available, MME on-board forwards the stored attach request message and UE serving area to MME-ground.
· MME-ground executes authorization and authentication with HSS and syncs the UE information and result to the next MME-onboard which will serve the UE.
· When UE determines that it is in satellite coverage, UE re-attaches to the satellite with the authorization and authentication result. Complete the attach procedure and send UL data/SMS.
· Option B: The EPC including HSS+AS on-board:
· When feeder link is not available, the eNB broadcasts that it is in the S&F satellite operation mode.
· UE initiates an Attach Request including the capability to support the S&F operation. 
· MME on-board accepts the Attach Request based on the subscription and credentials information stored in the HSS. To avoid UE sending attach requests to each satellite, a timer can be included in the Attach Accept message provided to UE, allowing UE to attach to the satellite based on the timer.
· UE sends UL data to the S&F AS on-board.
· S&F AS on-board stores uplink data and forwards it to AS on the ground when the feeder link is available.
· UE is allowed to attach to multiple satellites and sends uplink data.
· For downlink data, S&F AS subscribes to the timer of UE attached satellites and forwards UE downlink data to the next S&F AS that may serve UE.
· The S&F AS subscribes to the UE's reachability from the HSS on-board, waits for the UE to attach with the HSS on-board, and the HSS on-board notifies the S&F AS to complete the downlink data forwarding.

2. Text Proposal
It is proposed to capture the following changes vs. TR 23.700-29.
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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. 
The principle#1, #2, #3, #4, #6, #8 and#12 are general requirements which has an unified conclusion:
· For principle#1, if coordinated with appropriate satellites, all architectures can be developed to the multi-satellite solution. If there is only one suitable satellite, multi-satellites solution would also be a single satellite solution.
· For principle#2, all architectures can be developed to support roaming.
· For principle#3, all architectures can be developed to support multi-satellites MO/MT SMS service, CIoT CP. 
· For principle#4, the existing Rel-17/18 procedure can be reused for UE location verification.
· For principle#6, this should be a general principle to be considered in normative phase.
· For principle#8, it is not necessary to support the legacy UEs.
· For principle#12, all architectures can be developed to support the transition between phases.
Therefore, the principles #5, #7, #9, #10 and #11 can be selected as the primary principles to make the solution choices. 
As the premises that the same satellite serving the same UE location again at worst case needs 24 hours and each time of signaling S&F requires approximately 1.5 -2 hours when multi-satellites are involved, the evaluations for the primary principles are shown in the following table:
Table 1.2-1: Solution Grouping for principle #5, #7, #9, #10 and #11
	Architecture options
	Solution# per group
	Further classification
	P#5
	P#7
	P#9
	P#11,#10

	G1: eNB only onboard
	#20, #21
	G1-1: Single-sat
	DDos and FBS issues need further study by SA3,
	3 times of  satellite orbiting before sending the first UL packet: 24*3 = 72 hours*
	Procedure enhancement
	eNB is required to S&F UL/DL data

	
	#44
	G1-2: Multi-sat
	DDos and FBS issues need  further study by SA3,
	3 times of satellite orbiting:1.5*3 = 4.5 hours**
	Procedure enhancement
	eNB is required to S&F UL/DL data and calculate serving eNB list

	G2: eNB + partial MME onboard
	#14, #23
	G2-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME-SAT processes attach procedure

	
	#11
	G2-2: Multi-sat
	No security issue
	3 times, 4.5 hours
	Procedure enhancement
	MME-SAT doesn’t process attach procedure

	G3: eNB + whole MME onboard
	#13, #22
	G3-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME on board processes attach procedure

	
	#12
	G3-2: Multi-sat
	No security issue
	1 time, 1.5 hours
	Procedure enhancement
	MME on board processes attach procedure with the help of anchor MME on the ground

	G4: eNB + whole MME + partial C-SGN(SMS-GMSC) onboard
	#45
	G4-1: Single-sat
	No security issue
	1 time, 24 hours
	Procedure enhancement
	MME and partial SMS-GMSC on-board process attach request with the help of SMS-GMSC on the ground

	
	#15
	G4-2:Multi-sat
	No security issue
	2 times, 3 hours
	Procedure enhancement
	partial C-SGN on-board process attach request with the help of C-SGN on the ground 

	G5: eNB + whole MME + C-SGN onboard
	#16
	Single-sat
	No security issue
	2 times, 48 hours
	Procedure enhancement
	C-SGN on-board processes attach request

	G6: eNB + C-SGN with new function (SFCF)
	#17
	Single-sat
	No security issue
	immediately, 
24hours at most to receive DL signalling/data
	New NF proposed
	C-SGN on-board  processes attach request
A new SFCF is introduced to manage UE subscription

	G7: eNB + whole MME + HSS onboard
	#18
	Single-sat
	No security issue
	immediately, 
24hours at most to receive DL signalling/data
	Procedure enhancement
	MME and HSS are deployed on the satellite.

	G8: eNB + whole CN + EndPoint Proxy onboard
	#19
	Single-sat
	No security issue
	immediately, 
	Procedure enhancement
	Whole CN and a new application layer end point proxy are deployed on the satellite. 



Even the S&F Satellite operation is suited for the delivery of delay-tolerant/non-real-time satellite services, with a waiting time of more than 24 hours, which is impossible for UE to complete the attach procedure. If multi-satellites are involved, each time of signaling S&F requires approximately 1.5 -2 hours, which is more feasible for UE to attach to the network. 
According to the evaluation table above, the following architecture options are proposed as feasible candidates based on the delay in obtaining network services: G1-2, G2-2, G3-2, G4-2, G6, G7, G8. 
The nature of G2-2, G3-2 and G4-2 are same, i.e. MME functionalities are deployed on the satellite and ground. Since there are no security NFs on the satellite, G1-2 would be vulnerable to DDoS attack, further evaluation in SA3 is needed. Thus choose G3-2 with the shortest delay to represent them.
For G6 and G8, architectures require proprietary NF, and additional satellite payloads are needed. 
For G7, architectures with HSS onboard have less impact on existing 3GPP procedure. However, this architecture needs to consider some operators’ concerns about whether the subscription data can be deployed on satellites and needs to further check with SA3.
Thus, G3-2 and G7 can be selected as the baseline architecture to support S&F.

8	Conclusion

8.X 	Conclusions of Key Issue#2
There are two architectural options to support Store and Forward:
· Option A: eNB and whole MME on the satellite:
· When feeder link is not available, the eNB broadcasts that it is in the S&F operation mode.
· UE indicates the capability to support the S&F operation in Attach Request message. 
· MME on-board rejects the Attach Request with an appropriate cause and a timer to indicate the next time when the UE can initiate the attach procedure to the satellite.
· When feeder link is available, MME on-board forwards the stored attach request message including UE's serving area to MME-ground.
· MME-ground executes authorization and authentication with HSS and syncs the UE information and result to the next MME-onboard which will serve the UE.
· When UE determines that it is in satellite coverage, UE re-attaches to the satellite with the authorization and authentication result, and completes the attach procedure and sends UL data/SMS.
· Option B: The EPC including HSS+AS on-board:
· When feeder link is not available, the eNB broadcasts that it is in the S&F operation mode.
· UE indicates the capability to support the S&F operation in Attach Request message. 
· MME on-board accepts the Attach Request based on the subscription and credentials information stored in the HSS. To avoid UE sending attach requests to each satellite, a timer can be included in the Attach Accept message, allowing UE to attach to the satellite based on the timer.
· UE sends UL data to the AS on-board.
· AS on-board stores uplink data and forwards it to AS on the ground when the feeder link is available.
· UE is allowed to attach to multiple satellites and sends uplink data.
· For downlink data, AS on the ground subscribes to the timer of UE attached satellites and forwards UE downlink data to the next AS on-board that may serve UE.
· The AS on-board subscribes to the UE's reachability from the HSS on-board, and when the UE attaches with the HSS on-board, the HSS on-board notifies the AS on-board to complete the downlink data forwarding.
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