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Abstract: The LLP is perceived as RAN by the CN and perceived as CN by the RAN. It can be deployed based on operator policy without upgrading existing AMF/MME functionality.
1. Introduction
This discussion paper analyses how the Link Layer Proxy in solution#9 can be deployed without upgrading existing AMF/MME functionality and the operations an LLP would have to perform when deployed.
2. Discussion
2.1. Functionality of the LLP
The functionality of Link Layer Proxy in solution#9 can be described as follows:
-	The LLP acts as an GTP-U tunnel endpoint between RAN and UPF/P-GW.
-	NG/S1-AP enhancements for regenerative satellite access are used between the LLP and gNB/eNB only.
-	Non UE-associated messages between on-board RAN and the AMF are handled by the LLP as follows:
-	For non UE-associated Interface Management related NG/S1-AP messages between a gNB/eNB and AMF/MME, they are terminated/initiated by the LLP, including NG/S1AP Setup, NG/S1AP Configuration Update, etc.
-	For non UE-associated Configuration Transfer related NG/S1-AP message (who’s contents is relayed by AMF/MME transparently), they are relayed by LLP without involving the AMF/MME, including Uplink/Downlink RAN Configuration Transfer, etc.
-	For other non UE-associated NG/S1-AP messages between RAN and AMF/MME, they are relayed by the LLP and the LLP replaces RAN node ID, if there is any, with LLP IDs (with same format of RAN node IDs).
-	UE associated NG/S1-AP messages between on-board RAN and the AMF/MME are relayed by the LLP and the LLP replaces RAN node IDs with LLP IDs (with same format of RAN node IDs), RAN UE NGAP IDs with and LLP UE NGAP IDs, user plane tunnel information, if there is any, with LLP user plane tunnel information.
-	Paging messages from an AMF/MME are sent by the LLP to gNB/eNBs on satellites which cover the TAIs in the paging message.
-	Xn and N2 handover procedures are reused and the LLP does not replace Target ID in HANDOVER REQUIRED with the LLP.
2.2. Protocol Stack and Architecture with LLP
Using EPS system as the basis, Figure 2.2-1 and Figure 2.2-2 present the control plane stack for eNB-MME and UE-MME with the LLP; Figure 2.2-3 and Figure 2.2-4 present the user plane protocol stack for eNB-SGW and UE-PGW with the LLP. For 5GS, eNodeB, MME and S-GW are replaced with gNB, AMF and UPF, and reference interfaces are replaced with their corresponding interfaces in 5GS.


Figure 2.2-1: Control Plane for S1-MME Interface with LLP


Figure 2.2-2: Control Plane between UE and MME with Link Layer proxy


Figure 2.2-3 User Plane between eNB and S-GW with Link Layer proxy


Figure 2.2-4: UE – P-GW User Plane with Link Layer proxy
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Figure 2.2-5: EPS architecture for regenerative-based satellite access with Link Layer Proxy (LLP)
2.3 Procedures
2.3.1 Non UE-associated S1AP messages handling
2.3.1.1 S1AP Setup
This procedure uses S1AP Setup and Disconnect messages to show how non UE-associated Interface Management related S1AP messages are terminated/initiated by the LLP.


Figure 2.3.1.1-1: S1AP Setup and Disconnect with LLP
-	Steps 1-3: The eNB onboard the satellite initiates S1 SETUP REQUEST which terminates in the LLP. The LLP stores TAI list and RAN node ID mapping from the S1 SETUP REQUEST and responds to the eNB on the satellite with an S1 SETUP RESPONSE. Steps 1-3 are performed multiple times by different satellites.
-	Steps 4-5: The LLP initiates/forwards the S1 SETUP REQUEST towards the MME as the first S1AP procedure triggered by LLP, or the LLP may initiate eNB Configuration Update towards the MME if the S1 SETUP REQUEST was not performed. The LLP replaces RAN node ID to the LLP ID.
-	Steps 6-8: Some eNBs on satellites may move out of the serving area and S1 is disconnected. The LLP updates the TAI list and RAN node ID mapping information (i.e., remove the TAI list of the RAN node moving out of LLP serving area).
NOTE: 	How S1 is disconnected depends on RAN3. The overall flow is equally applicable to all ways to disconnect S1.
2.3.1.2 Configuration Transfer Messages handling
As MME does not interpret the transferred RAN configuration information (e.g., SON Configuration Transfer), the node level configuration transfer messages are transferred by LLP transparently without MME involvement.


Figure 2.3.1.2-1: Configuration Transfer with LLP
· Steps 1-2: The procedure is initiated with an ENB CONFIGURATION TRANSFER message sent from the eNB to MME and MME transfers it to target eNB transparently. When an LLP is deployed, the LLP handles the Configuration Transfer Messages without MME involvement and forwards it to the target eNB.
2.3.1.3 Other Non UE-associated Messages handling
For other Non-UE associated Messages between RAN and MME, they are relayed by the LLP and if they contain RAN node ID, the LLP replaces it with LLP ID. This procedure uses PWS RESTART INDICATION messages to show how these messages are relayed by the LLP.


Figure 2.3.1.3-1: PWS RESTART INDICATION relayed by LLP with RAN node ID replacement
· Step 1-3: The eNB sends a PWS RESTRAT INDICATION to the LLP. The LLP replaces the RAN node ID with its LLP ID and sends it onto the MME.
2.3.2 UE level S1AP messages relayed by LLP
The procedures in this clause present how the LLP can be involved in EMM/ESM procedures, and shows there is no standardization impacts on the existing procedures.
2.3.2.1. Initial Attach with LLP


Figure 2.3.2.1-1: Initial Attach with LLP
As well as the LLP mapping eNB ID with LLP ID and mapping eNB UE S1AP ID with LLP S1AP ID in UE level S1 messages, the other LLP behaviours for Initial Attach procedure are listed as follows:
· Steps 1-3: The LLP receives the S1AP INITIAL UE MESSAGE carrying the Attach request from the onboard eNB in step 2 and sends it to the MME in step 3, after perform the mapping of eNB ID and eNB UE S1AP ID. The LLP does not need to know the Initial UE message is carrying an ATTACH message.
· Steps 4-6: After receiving the S1 INITIAL CONTEXT SETUP REQUEST with Attach accept from MME in step 4, the LLP allocates the Up Link LLP S1-U tunnel resources and replaces the S1-U tunnel information of S-GW with the Up Link LLP S1-U tunnel information, and sends it to eNB.
· Steps 7-10: After the S1 INITIAL CONTEXT SETUP RESPONSE from the eNB is received in step 7, the LLP allocates Down Link LLP S1-U tunnel resources and replaces the S1-U tunnel information of eNB with the Down Link LLP S1-U tunnel information, and sends it to MME.
The LPP maintains the GPT-U tunnel between eNB and S-GW during the lifetime of the S1-U tunnel for the UE EPS bearer. The Up Link and Down Link user plane data is transferred via the LLP to S-GW/eNB.
2.3.2.2. X2 Handover with LLP


Figure 2.3.2.2-1: X2 Handover with LLP
As well as the LLP mapping the eNB ID with LLP ID and mapping eNB UE S1AP ID with LLP S1AP ID in UE level S1 message, the other LLP behaviours for X2 Handover procedure are listed as follows:
· Steps 1-2c: After the LLP receives the S1 PATH SWITCH REQUEST from the Target eNB in step 2a, the LLP replaces the tunnel information in EPS bearers with DL LLP tunnel information, and sends the message to MME.
· Step 2d: The X2 handover procedure can continue as the LLP allocates new tunnel information.
· Step 3-4: The MME sends the S1 PATH SWITCH REQUEST ACKNOWLEDGE in step 3a to the LLP, based on the S1 PATH SWITCH REQUEST ACKNOWLEDGE message the LLP modifies the DL LLP user plane path to the target eNB in step 3b. The LLP then sends the S1 PATH SWITCH REQUEST ACKNOWLEDGE to the target eNB in step 3d.

2.3.2.3. S1 Handover with LLP


Figure 2.3.2.3-1: S1 Handover with LLP
As well as the LLP mapping the eNB ID with LLP ID and mapping eNB UE S1AP ID with LLP S1AP ID in UE level S1 message, the other LLP behaviours for S1 Handover procedure are listed as follows:
· Steps 1-2: After the LLP receives the S1 HANDOVER REQUIRED message from the Target eNB in step 2a, the LLP sends the message to MME. The S1 handover procedure can continue as the LLP allocates new tunnel information.
· Steps 3a-3b: MME sends S1 HANDOVER REQUEST to the LLP in step 3a, based on received EPS bearers to setup in the S1 HANDOVER REQUEST, the LLP determines the UL LLP tunnel information to replace S-GW tunnel information for the EPS bearers to setup and sends it to target eNB in step 3c. Other IEs such as Source eNB to Target eNB Transparent Container IE are transferred by LLP to the target eNB transparently.
· Steps 4a-4d: The Target eNB sends the Handover Request Ack to the LLP in step 4a, based on received EPS bearers to setup in the S1 HANDOVER REQUEST ACKNOWLEDGE, the LLP determines DL LLP tunnel information to replace RAN tunnel information and sends the message to the MME in step 4c.
· Steps 5a-5c: The MME sends the S1 HANDOVER REQUEST message to the LLP in the step 5a, based on EPS Bearers to release in the message, the LLP releases the corresponding tunnel resources and sends the Handover Command to the Source eNB.
· Steps 6-9: After the LLP receives the S1 HANDOVER NOTIFY message in step 8a, the LPP sends it to MME after performing eNB ID and eNB UE S1AP ID mapping in step 8b.

2.3.2.4. S1 Handover with LLP and MME relocation
This procedure presents how LLP relocation happens when MME relocation is needed, MME relocation may happen with UE handover between satellites using different earth station location.


Figure 2.3.2.4-1: S1 Handover with LLP and MME relocation
As well as LLP mapping the eNB ID with LLP ID and mapping eNB UE S1AP ID with LLP S1AP ID in UE related S1 message, the other LLP behaviours for S1 Handover with MME relocation procedure are listed as follows:
· Steps 1-5: After the LLP receives the S1 HANDOVER REQUIRED message from Target eNB in step 2, the LPP determines that the Target eNB is not under this LLP’s management and does not replace the Target eNB ID with LLP ID. The LLP sends the message to Source MME in step 3. Based on the target TAI and target eNB ID (which is not the LLP ID), the source MME can deduce MME relocation is needed, step 4a and step 5 is same with current MME relocation procedure.
· Steps 6a-6c: Based on the target TAI, the Target MME send the S1 HANDOVER REQUEST to the Target LLP (which the MME believes to be the Target eNB) in step 6a. After the Target LLP receives the S1 HANDOVER REQUEST, based on EPS bearers to setup, the target LLP allocates UL LLP tunnels resources and replaces the S-GW tunnel information with the allocated the LLP tunnel information. The target LLP then sends the S1 HANDOVER REQUEST to the Target eNB.
· Steps 7a-7c: The Target eNB sends the S1 HANDOVER REQUEST ACKNOWLEDGE to the Target LLP in step 7a, based on the EPS Bearers to setup in the message, the LLP allocates DL LLP tunnel resources and replaces RAN tunnel information with the DL LLP tunnel information. The Target LLP then sends the S1 HANDOVER REQUEST ACKNOWLEDGE message to the Target MME.
· Steps 8-14: Same with current S1 handover with MME relocation procedure with the difference that the LLP transfers UE level S1 messages between RAN and MME and performs eNB ID and eNB UE SA1AP ID mapping.

2.3.2.5. Paging with LLP
This procedure presents how LLP helps determining which eNB to send the paging message containing recommended cell.


Figure 2.3.2.5-1: Paging with LLP
As well as the LLP mapping the eNB ID with LLP ID and mapping the eNB UE S1AP ID with LLP S1 AP ID in UE level S1 message, the other LLP behaviours for Paging are listed as follows:
· Steps 1a-1b: The UE may not move after entering into ECM_IDLE. When the MME needs to page the UE, for example both eNB#1 and eNB#2 might be covering the UE located TAIs, but only eNB#2 is covering the recommended cell (i.e., mapped Cell).
· Step 2-4: The MME sends an S1 PAGING message to the LLP (which it believes to be the target eNB) which includes the recommended cell. After receiving the message, based on TAIs, the LLP determines that eNB#1 and eNB#2 are covering the recommended cell associated with the geographic area. The LLP sends the S1 PAGING message to eNB#1 and eNB#2.
· Step 5: As eNB#1 and eNB#2 are covering the recommended cell, the selected eNB#1 and eNB#2 pages UE after receiving the paging message.
2.3.2.6. Service Request procedure with LLP
This procedure presents how the LLP is involved in UE triggered service request procedure.


Figure 2.3.2.6-1: UE triggered Service Request
The LLP maps the eNB ID to LLP ID, the eNB UE S1AP ID to LLP S1 AP ID and replaces the S1-AP tunnel information in UE related S1 message. The other behaviours for UE triggered Service Request procedure are listed as follows:
· Steps 1-2c: The UE sends NAS message Service Request towards the MME. The eNB forwards the message to LLP (which it believes to be the MME) via an S1-AP message, the LLP performs mapping of the eNB ID with LLP ID and mapping eNB UE S1AP ID and forwards the S1-AP message to MME.
· Step 3: Same as step 3 of Figure 5.3.4.1-1 in TS 23.401. The LLP transfer security related NAS messages transparently.
· Step 4-4b: The MME sends S1-AP Initial Context Setup Request to the LLP; the LLP allocates UL S1-U tunnel resources and replace the SGW address and S1-TEID(s)(UL) with LLP address and allocated UL LLP S1-U TEID(s).
· Step 5: Same as step 5 and 6 of Figure 5.3.4.1-1 in TS 23.401.
· Step 6-8: The eNodeB sends an S1-AP message Initial Context Setup Complete to the LLP, the LLP allocates DL S1-U tunnel resources and replace eNB address and S1-TEID(s)(DL) with LLP address and allocated DL LLP S1-U TEID(s).
· Step 9: Same with step 8-12 of Figure 5.3.4.1-1 in TS 23.401.
3. Conclusion and proposal(s)
The LLP is perceived as RAN by the CN and perceived as CN by the RAN. 
A deployment may use a Link Layer Proxy as an implementation option to minimise the impacts of regenerative satellite access to 5GC/EPC. There would not be normative changes required for the deployment option and the deployment option shall be documented in an informative annex in 5GC/EPC.
Proposal#1: Document the functionality description of the LLP in an informative annex in 5GC/EPC for deployment guidance.
Annex A.
A.1 S1-AP procedures clarification per LLP handling behaviours
This annex classifies the S1-AP procedures into the following categories (highlighted with different colours) per LLP handling behaviours. The List of S1AP Elementary procedures of TS 36.413 is also highlighted with corresponding colours.
· Non-UE associated messages terminated/initiated by LLP.
· Non-UE associated messages relayed/transferred by LLP with RAN node ID replacement if there is any.
· UE associated messages relayed by LLP with RAN UE NGAP ID, RAN node ID and tunnel information replacement if there is any.
Table 1: Class 1 procedures
	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Handover Preparation
	HANDOVER REQUIRED
	HANDOVER COMMAND
	HANDOVER PREPARATION FAILURE

	Handover Resource Allocation
	HANDOVER REQUEST
	HANDOVER REQUEST ACKNOWLEDGE
	HANDOVER FAILURE

	Path Switch Request
	PATH SWITCH REQUEST
	PATH SWITCH REQUEST ACKNOWLEDGE
	PATH SWITCH REQUEST FAILURE

	Handover Cancellation
	HANDOVER CANCEL
	HANDOVER CANCEL ACKNOWLEDGE
	

	E-RAB Setup
	E-RAB SETUP REQUEST
	E-RAB SETUP RESPONSE
	

	E-RAB Modify
	E-RAB MODIFY REQUEST
	E-RAB MODIFY RESPONSE
	

	E-RAB Modification Indication
	E-RAB MODIFICATION INDICATION
	E-RAB MODIFICATION CONFIRM
	

	E-RAB Release
	E-RAB RELEASE COMMAND
	E-RAB RELEASE RESPONSE
	

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	S1 Setup
	S1 SETUP REQUEST
	S1 SETUP RESPONSE
	S1 SETUP FAILURE

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	UE Context Modification
	UE CONTEXT MODIFICATION REQUEST
	UE CONTEXT MODIFICATION RESPONSE
	UE CONTEXT MODIFICATION FAILURE

	eNB Configuration Update
	ENB CONFIGURATION UPDATE
	ENB CONFIGURATION UPDATE ACKNOWLEDGE
	ENB CONFIGURATION UPDATE FAILURE

	MME Configuration Update
	MME CONFIGURATION UPDATE
	MME CONFIGURAION UPDATE ACKNOWLEDGE
	MME CONFIGURATION UPDATE FAILURE

	Write-Replace Warning 
	WRITE-REPLACE WARNING REQUEST
	WRITE-REPLACE WARNING RESPONSE
	

	Kill
	KILL REQUEST
	KILL RESPONSE
	

	UE Radio Capability Match
	UE RADIO CAPABILITY MATCH REQUEST
	UE RADIO CAPABILITY MATCH RESPONSE
	

	UE Context Modification Indication
	UE CONTEXT MODIFICATION INDICATION
	UE CONTEXT MODIFICATION CONFIRM
	

	UE Context Suspend
	UE CONTEXT SUSPEND REQUEST
	UE CONTEXT SUSPEND RESPONSE
	

	UE Context Resume
	UE CONTEXT RESUME REQUEST
	UE CONTEXT RESUME RESPONSE
	UE CONTEXT RESUME FAILURE

	UE Radio Capability ID Mapping
	UE RADIO CAPABILITY ID MAPPING REQUEST
	UE RADIO CAPABILITY ID MAPPING RESPONSE
	



Table 2: Class 2 procedures
	Elementary Procedure
	Message

	Handover Notification
	HANDOVER NOTIFY

	E-RAB Release Indication
	E-RAB RELEASE INDICATION

	Paging
	PAGING

	Initial UE Message
	INITIAL UE MESSAGE

	Downlink NAS Transport
	DOWNLINK NAS TRANSPORT

	Uplink NAS Transport
	UPLINK NAS TRANSPORT

	NAS non delivery indication
	NAS NON DELIVERY INDICATION

	Error Indication
	ERROR INDICATION

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	DownlinkS1 CDMA2000 Tunnelling
	DOWNLINK S1 CDMA2000 TUNNELLING

	Uplink S1 CDMA2000 Tunnelling
	UPLINK S1 CDMA2000 TUNNELLING

	UE Capability Info Indication
	UE CAPABILITY INFO INDICATION

	eNB Status Transfer
	eNB STATUS TRANSFER

	MME Status Transfer
	MME STATUS TRANSFER

	Deactivate Trace
	DEACTIVATE TRACE

	Trace Start
	TRACE START

	Trace Failure Indication
	TRACE FAILURE INDICATION

	Location Reporting Control
	LOCATION REPORTING CONTROL

	Location Reporting Failure Indication
	LOCATION REPORTING FAILURE INDICATION

	Location Report
	LOCATION REPORT

	Overload Start
	OVERLOAD START

	Overload Stop
	OVERLOAD STOP

	eNB Direct Information Transfer
	eNB DIRECT INFORMATION TRANSFER

	MME Direct Information Transfer
	MME DIRECT INFORMATION TRANSFER

	eNB Configuration Transfer
	eNB CONFIGURATION TRANSFER

	MME Configuration Transfer
	MME CONFIGURATION TRANSFER

	Cell Traffic Trace
	CELL TRAFFIC TRACE

	Downlink UE Associated LPPa Transport
	DOWNLINK UE ASSOCIATED LPPA TRANSPORT

	Uplink UE Associated LPPa Transport
	UPLINK UE ASSOCIATED LPPA TRANSPORT

	Downlink Non UE Associated LPPa Transport
	DOWNLINK NON UE ASSOCIATED LPPA TRANSPORT

	Uplink Non UE Associated LPPa Transport
	UPLINK NON UE ASSOCIATED LPPA TRANSPORT

	PWS Restart Indication
	PWS RESTART INDICATION

	Reroute NAS Request
	REROUTE NAS REQUEST

	PWS Failure Indication
	PWS FAILURE INDICATION

	Connection Establishment Indication
	CONNECTION ESTABLISHMENT INDICATION

	NAS Delivery Indication
	NAS DELIVERY INDICATION

	Retrieve UE Information
	RETRIEVE UE INFORMATION

	UE Information Transfer
	UE INFORMATION TRANSFER

	eNB CP Relocation Indication
	eNB CP RELOCATION INDICATION

	MME CP Relocation Indication
	MME CP RELOCATION INDICATION

	Secondary RAT Data Usage Report
	SECONDARY RAT DATA USAGE REPORT

	Handover Success
	HANDOVER SUCCESS

	eNB Early Status Transfer
	eNB EARLY STATUS TRANSFER

	MME Early Status Transfer
	MME EARLY STATUS TRANSFER



NOTE:	Error Indication can be a non-UE associated or UE associated message.
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