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1
Discussion
SA2 agreed with the concept of Local Area Data Network (LADN) in SA2 #119 and agreed on the LADN basic operations during the SA2#120 and SA2#121 meeting.
It is not fully described what is the triggers for the SMF to detect that the UE has moves out of the service area and which scenarios trigger the SMF to command the UPF to discard downlink data for the PDU session and/or not send out Data Notification message to the SMF.
In this paper, we divide the scenarios of the triggers for the SMF to detect that the UE have moves out of the service area. We describes the four scenarios based on the UE movements across the LADN SA and Registration Areas illustrated in the Fig. 1.
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Fig. 1. Cases that the UE moves out of the LADN service area
In the example configuration shown in the Fig 1, the Registration Area 1 that is marked as blue solid line consists of TA1, TA2, TA3 and TA4. The Registration Area 2 that is also marked as blue solid lines consists of TA5, TA6, TA7 and TA8. The Registration 3 that is marked as orange lines consists of TA9 and TA10. In the figure, the LADN Service Area that is marked as green dotted lines consists of TA4 and TA5. 
We divided the four cases that the network may detect that the UE moves out of the LADN Service area as illustrated in the Fig 1. 
	Case
	CM Status
	Related Procedures
	AMF operation
	SMF operation
	UPF operation

(Gating On/Off)
	Comments

	1A
	CM-IDLE (movement)
	No operation
	Not aware
	No operation
	No operation
	Note 1

	1B
	CM-CONNECTED
	Handover
	Notify to SMF
(out-of LADN SA)
	Deactivate
(Note 5)
	Gating Off
(disable DDN)
	Note 2

	2A
	CM-IDLE
	Registration
	Notify to SMF
(out-of LADN SA)
	Keep Deactivated
	Gating Off

(disable DDN)
	

	2B
	CM-CONNECTED
	Handover
	Notify to SMF
(out-of LADN SA)
	Deactivate
(Note 5)
	Gating Off

(disable DDN)
	

	3A
	CM-IDLE
	Registration
	Notify the LADN SA to the UE
	No specific LADN operation     
	No operation
(i.e. keep DDN enabled)
	Note 3

	3B
	CM-CONNECTED
	Handover
	Notify to SMF
(out-of LADN SA)
	Deactivate
(Note 5)
	Gating Off
(disable DDN)
	

	4A
	CM-IDLE
	Registration
	Notify the LADN SA to the UE
	No specific LADN operation
	
	Note 4

	4B
	CM-CONNECTED
	Handover
	Notify the LADN SA to the UE
	No specific LADN operation
	
	

	Note 1. The network is not aware that the UE moves out of the LADN SA.

Note 2. Since the UE can move in the LADN SA (e.g. TA4 in the figure)

Note 3. Since the UE can move in the LADN SA (e.g. TA5 in the figure)
Note 4. The UE moves within the same LADN SA. The LADN specific operations are not required.
Note 5. “Deactivate the PDU session” means that the SMF release UPF resources while keeping the PDU session


Table 1. Proposed SMF/UPF operations for the cases that the UE moves out of the LADN Service Area
For the case 1A (i.e when the UE moves out of the LADN Service Area in CM-IDLE state within the same registration area), the network is not aware of the UE movements. In this case, the network does not perform any operations to change the SMF and UPF states for the LADN session since the UE may come back to the LADN SA without any notification to the network. 

For the case 1B (i.e. when the UE moves out of the LADN Service Area in CM-CONNECTED state within the same registration area), the network performs the handover procedure. In this case, the AMF notifies the SMF of the UE movement during the handover procedure and the SMF deactivates the PDU session corresponding to the LADN. During the deactivation procedure, the SMF commands the UPF to keep the session gating status off (i.e. disable DDN) when deactivating the PDU session since the SMF can tracks the UE location while the UE is in CM-CONNECTED state. 

For the case 2A (i.e. when the UE moves out of the LADN Service Area in CM-IDLE state across the registration area boundary), the network performs the mobility registration update procedure. In this case, we assume that the PDU session for the LADN has already been deactivated since the UE is in CM-IDLE state. The AMF notifies the SMF of the UE location and the SMF keeps the PDU session for the LADN deactivated and commands the UPF to change the gating status off (i.e. disable DDN) so that the SMF does not send the downlink data notification to the SMF. 
For the case 2B (i.e. when the UE moves out of the LADN Service Area in CM-CONNECTED state across the registration area boundary), the network performs the Xn/N2 handover procedure. In this case, the AMF notifies the SMF of the UE location during the handover procedure and the SMF deactivates the PDU session for the LADN and indicates the UPF to change the gating status off (i.e. disable DDN) so that the SMF does not send the downlink data notification to the SMF. 
For the case 3A (i.e. when the UE moves out of the LADN Service Area in CM-IDLE state out of the registration area and moves into the another registration area that includes the same LADN Service Area), the UE performs the mobility registration update procedure. In this case, the AMF detects that the UE moves out of the LADN SA and notifies the SMF of the UE location. The SMF decides to deactivate the PDU session for the LADN with keeping the gating status on (i.e. keep DDN enabled) so that the UPF can send the downlink data notification to the SMF.
For the case 3B (i.e. when the UE moves out of the LADN Service Area in CM-CONNECTED state and moves across the registration area boundary), the UE performs handover procedure as well as the mobility registration update procedure. In this case, the AMF notifies the SMF of the UE location during the handover procedure and the SMF deactivates the PDU session for the LADN. The SMF also indicates the UPF to keep the gating status off (i.e. disable DDN) the SMF does not send the downlink data notification to the SMF.

For the case 4A (i.e. when the UE moves from the registration area and moves into another registration area within the same LADN Service Area in CM-IDLE state), the UE performs the mobility registration update procedure. In this case, the AMF detects that the UE moves within the same LADN SA even though the UE moves across the registration area. The AMF notifies the UE of the intersection of the LADN SA with the new registration area. Since the UE is still within the LADN SA, the AMF does not notify the SMF of the change of the LADN SA.
For the case 4B (i.e. when the UE moves from the registration area and moves into another registration within the same LADN Service Area in CM-CONNECTED state), the UE performs the handover procedure as well as the registration update procedure. In this case, the AMF detects that the UE moves within the same LADN SA even though the UE moves across the registration. The AMF notifies the UE of the intersection of the LADN SA with the new registration area. Since the UE is located still within the LADN SA, the AMF does not notify the SMF of the change of LADN SA.
When the UE transits to the CM-IDLE state within the Registration Area that contains LADN SA, the AMF inform the SMF of the UE location information and the UE’s CM status. The SMF enables Downlink Data Notification for the case that the UE comes back to the area of the availability of the LADN during the CM-IDLE state for each of the PDU sessions whose UP resources have been released because the UE is outside of the availability of the LADN.
In case that the UE moves out of the LADN SA within the registration area, the network is not aware of the UE movement. When the UE is located out of LADN SA), we divide the cases based on the events of uplink and downlink data that may affect the different behaviors of the UE and network. 
For the case 5A, when the UE has uplink data to send in idle mode, the UE shall not initiate the Service Request since it is located out of LADN SA. In case that a non-compliant UE initiates the Service Request, the AMF shall reject the request based on the interaction with the SMF.

For the case 5B, when UPF receives the downlink data toward to the UE in idle mode, the UPF notifies to the SMF of the downlink data and the SMF sends the downlink data notification to the AMF. The AMF may optimize paging using different paging strategies. For example, the network may page only in the last known cell-id, or page only in the intersection of the LADN service area and the registration area or page in the whole registration area.
For the case 5C and 5D, when the AMF detects that the UE is out of LADN Service Area due to the operation on the PDU session not corresponding to the LADN, the AMF and SMF does not perform any LADN-specific operation for those cases.

For the case 6A, when the UE has uplink data to send in CM-CONNECTED state, the UE shall not trigger the Service Request since it is located out of the LADN Service Area. In case that a non-compliant UE initiates the Service Request, the AMF shall reject the request (maybe based on the interaction with the SMF).
For the case 6B, UPF receives the downlink data toward to the UE in active mode, the UPF notifies to the SMF of the downlink data and the SMF sends the downlink data notification to the AMF since the PDU session for the LADN has been deactivated. Since the AMF knows the UE’s location, the AMF notifies the SMF of the unreachability for the LADN.

For the case 6C and 6D, when the AMF detects that the UE is out of LADN Service Area due to the operation on the PDU session not corresponding to the LADN, the AMF and SMF does not perform any LADN-specific operation for those cases.
	Case
	CM Status
	Related Procedures
	AMF operation
	SMF operation
	UPF operation

(Gating On/Off or DDN)
	Comments

	5A
	CM-IDLE
	Service Request

(for LADN)
	Reject the Service Request
	No operation
	Keep deactivated (DDN enabled)
	Note 1

	5B
	CM-IDLE 
	DDN (for LADN)
	Paging optimization (e.g. LADN paging)
Notify the LADN unreachability to the SMF
	No operation
	Keep deactivated (DDN enabled)
	Note 1

	5C
	CM-IDLE
	Service Request

(for non-LADN)
	No operation for LADN session
	No operation for LADN
	Keep deactivated (DDN enabled)
	Note 1

	5D
	CM-IDLE
	DDN (for non-LADN)
	No operation for LADN session
	No operation for LADN
	Keep deactivated (DDN enabled)
	

	6A
	CM-CONNECTED
	Service Request

(for LADN)
	Reject the Service Request
	No operation
	Keep deactivated (DDN enabled)
	

	6B
	CM-CONNECTED
	DDN (for LADN)
	Notify the LADN unreachability to the SMF
	No operation
	Keep deactivated (DDN enabled)
	

	6C
	CM-CONNECTED
	Service Request

(for non-LADN)
	No operation for LADN session
	No operation for LADN
	Keep deactivated (DDN enabled)
	Note 1

	6D
	CM-CONNECTED
	DDN

(for non-LADN)
	No operation for LADN session
	No operation for LADN
	Keep deactivated (DDN enabled)
	

	Note 1. Since the UE may come back to the LADN SA (for example, TA4 in the figure)


Table 2. Proposed AMF/SMF/UPF operations for the cases that the UE is located out of LADN SA
2
Summary
We completed the analysis on the various cases based on the UE movement across the LADN Service Area and the Registration Area in the table 1 and table 2.
Please consider all the cases when describing the 5G System behaviour for LADN operations.
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