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Abstract of the contribution: This paper proposes a solution to address the Key Issue #6 “Support for returning to home network” by co-ordinating the de-registration of UEs from the local hosting network to prevent the build-up of signalling overload at the home network when the UEs return to the home network once the local hosting network terminates its services.
Discussion
According to SA1 specification TR 22.844, when local service is over, large number of UEs would attempt registration back to their home network. This may lead to a signaling peak in the home network and result in user plane and control plane overload causing for example longer waiting for users to re-register to/re-select their home network. 
There are various load control mechanisms already defined e.g.:
-	Access control and barring as defined in clause 5.2.5 of TS 23.501 [3];
-	Control Plane Load Control, Congestion and Overload Control as defined in clause 5.19 of TS 23.501 [3];
-	Prevention of signaling overload related to Disaster Condition and Disaster Roaming service as defined in clause 5.40.6 of TS 23.501 [3].
But there are certain limitations to the existing overload handling mechanisms when applied to large scale migration of UEs from local hosting network to home network as mentioned below.
· All the existing Overload mechanisms are reactive in nature. Overload mechanisms will get trigged only when the Overload condition occurs. There is no mechanism to prevent the build-up of overload conditions at the home/serving network due to large number of UEs migrating from local hosting network to home network.

· The actions taken by these Overload mechanisms (Access Control, Control Plane and Congestion Load Control etc.) limits the call handling capability of multiple NG-RANs in the home network and there is no option to restrict the call handling by a selective number of NG-RANs from the home network overlapping with the physical coverage area of local hosting network.

Proposal
It is proposed to add the following solution to KI#6 in the TR 23.700-08
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Next Change (All new)
[bookmark: _Toc23326075][bookmark: _Toc23517596][bookmark: _Toc23519155]6.X	Solution #<X>: Prevention of overload build up at home network using AMF based congestion control when local service is over
[bookmark: _Toc16839383][bookmark: _Toc21087542][bookmark: _Toc23326076][bookmark: _Toc23517597][bookmark: _Toc23519156]6.X.1	Introduction
[bookmark: _Toc16839384][bookmark: _Toc21087543][bookmark: _Toc23326077][bookmark: _Toc23517598][bookmark: _Toc23519157]The solution addresses the KI#6: Support for returning to the home network, by controlling the build-up of load due to the large-scale migration of multiple UEs from the local hosting network to the home network when the local hosting network decides to end its services. 
The UEs that are registered to the local hosting network are deregistered in a staggered manner and completed before local hosting network goes out of service. The UEs are forced to enter into Network selection mode to choose the home network. In this manner the number of UE’s triggering simultaneous de-registration (and consequently then registering back to its home) are in the range of manageable capacity by the home network without causing congestion or overload. 
This is achieved using either one of the two mechanisms 
-	Usage of Network availability timers 
-	Specific Cause code to trigger the controlled deregistration 
6.X.2	High-level Description
[bookmark: _Toc16839385][bookmark: _Toc21087544]The solution addresses KI#6 and the following principles are used:
-	When a UE registers to the local hosting network, the AMF of the local hosting network, based on the valid duration of the local hosting services, will start a "Network/service availability timer" for the UE. The timer will have a random value and is based on the time at which the UE registers to the local hosting network and the duration for which such local hosting service will be available.
-	There will be 2 separate timers for each UE started at the time of Registration– one to be applicable if the UE is in CM-Idle State when the timer expires and the other one if the UE is in CM-Connected State when the timer expires. The timer value for the CM-Connected State will be larger than the one for CM-Idle State.
[bookmark: _Hlk99359053]-	The "Network/service availability timer" will be restarted every time UE initiates Registration to the 5G Network.
-	The "Network/service availability timer" for UE-Idle State will be applicable if the UE is in CM-Idle state at the expiry of this timer.
-	The "Network/service availability timer" for UE-Connected State will be applicable if the UE is in CM-Connected state at the expiry of this timer.
-	The "Network/service availability timer" is used to trigger the de-registration of UE from the local hosting network, before the local hosting services becomes unavailable.
-	The timer values are chosen such that the de-registration procedures from the local hosting network are timed in a staggered manner and completed before the local hosting services terminates and the number of UE's triggered to initiate simultaneous de-registration (and consequently then registration back to its home network) are in the range of manageable capacity by the home network without causing overload build up at the home network
-	The "Network/service availability timer" to be used in CM-Idle State could be send to the UE, during the Registration procedure to the local hosting network, in Registration accept message. 
-	Sending of "Network/service availability timer" is optional and based on configuration at the AMF.
-	At the expiry of "Network/service availability timer"- Idle / Connected at AMF, RRC state of the UE will be checked, and appropriate actions will be taken based on the UE state (Idle or Connected) at that instant.
-	When the "Network/service availability timer" for UE expires at the AMF and AMF is not configured to send the “Network/service availability timer” to the UE, AMF will initiate De-registration procedure for the UE with a specific cause code, that indicates the local hosting services are going to be unavailable. 
-	When the "Network/service availability timer" for UE expires at the AMF, and AMF is configured to send the “Network/service availability timer” to the UE, AMF will initiate implicit De-registration procedure for the UE without any signalling. This is applicable only when the UE is in CM Idle State as the "Network/service availability timer" for CM-Connected State is never send to the UE.
-	If the UE becomes CM-Idle after the expiry of "Network/service availability timer" for CM-Idle State, but before the expiry of "Network/service availability timer" for CM-Connected State, then the AMF will immediately initiate De-registration procedure for the UE with a specific cause code, that indicates the local hosting services are going to be unavailable.
-	When UE is provided with "Network/service availability timer" as part of the Registration Accept message, UE will move itself to RM-DEREGISTERED State without any signalling with the 5G Network, at the expiry of this timer.
-	When the UE is de-registered from the local hosting services either due to the expiry of "Network/service availability timer" or due to the AMF initiated De-registration procedure for the UE, with a specific cause code, that indicates the local hosting services are going to be unavailable: 
a.	The UE may put the hosting network in a temporary forbidden list or temporary unavailable list, so that it does not try to re-register to the same hosting network again after this timer expiry.
b.	UE would change the Network Selection mode to Automatic if it had connected to the hosting network through Manual selection mode and select network based on PLMN selection procedure as defined in 3GPP TS 23.122 [y], clause 4.4.
c.	UE will initiate Registration to the Home Network as defined in 3GPP TS 23.502 [x], clause 4.2.2.2.2.
[bookmark: _Toc23326078][bookmark: _Toc23517599][bookmark: _Toc23519158]6.X.3	Procedures
6.X.3.1	UE in CM Idle-State and AMF configured to send "Network/service availability timer"


[bookmark: _Toc16839386][bookmark: _Toc21087545]Figure 6.X.3.1-1: UE in CM-Idle State and AMF configured to send “Network/service availability timer”
1.	UE initiate registration with the local hosting network.
2.	AMF assigns an appropriate "service availability timer" considering the service available timer (as configured by the OAM) and ensuring that all the UEs does not trigger de-registration at the same time. Thus, ensuring the UE also does not cause signalling overload at the home network when the UE connects back. AMF includes the "Network/service availability timer" in the Registration accept message as it is configured to send this timer in Registration accept message.
	As an example, one of the methods is illustrated below to show how the "Network/service availability timer" is derived by AMF
a.	Network/service availability timer = (Time at which the Hosting Network ends service) – (Time of UE registration) + x where x is chosen a random value to avoid all UEs accessing the Home Network at the same time.
3.	AMF starts the "Network/service availability timer" for both CM-Idle and CM-Connected States.
4.	UE initiates RRC release procedure before the expiration of the "Network/service availability timer" for CM-Idle State. UE enters into CM-Idle State.
5.	"Network/service availability timer" for CM-Idle State expires at AMF and UE. AMF initiates Implicit De-registration of the UE without any additional Signalling.
6.	UE moves to RM-DEREGISTERED STATE.
7.	UE moves hosting network identity to the list of "temporarily forbidden SNPNs" or temporary unavailable list, if the local hosting network is SNPN, or move the CAG Identifiers of local hosting network out of "CAG Information list", if the local hosting network is a PNI-NPN.
8.	UE would change the Network Selection mode to Automatic PLMN selection if it had connected to the hosting network through Manual mode and select network based on PLMN selection procedure as defined in 3GPP TS 23.122 [y], clause 4.4. UE will initiate Registration to the Home / Serving Network as defined in 3GPP TS 23.502 [x], clause 4.2.2.2.2. Since the de-registration from the hosting network and Registration to the Home/Serving Network happens in a staggered manner, the Home/Serving Network does not get overloaded.

6.X.3.2	UE in CM-Idle State and AMF not configured to send Network/service availability timer


Figure 6.X.3.2-1: UE in CM-Idle State and AMF not configured to send “Network/service availability timer”.
1.	UE initiates registration with the local hosting network.
2.	AMF assigns an appropriate "service availability timer" considering the service available timer (as configured by the OAM) and ensuring that all the UEs does not trigger de-registration at the same time. Thus, ensuring the UE also does not cause signalling overload at the home network when the UE connects back. AMF does not include the "Network/service availability timer" in the Registration accept message as it is not configured to send this timer in Registration accept message.
3.	AMF starts the "Network/service availability timer" for both CM-Idle and CM-Connected States.
4.	UE initiates RRC release procedure before the expiration of the "Network/service availability timer" for CM-Idle State. UE enters the CM-Idle State.
5.	"Network/service availability timer" for CM-Idle State expires at AMF. AMF initiates explicit De-registration procedure with the UE.
6.	AMF sends Paging Request to the UE.
7.	UE initiates Service Request to come to CM-Connected Mode.
8.	AMF sends De-registration Request to the UE with cause code (eg: 5G Services going out of Service) indicating that local services are going to be terminated soon.
9.	UE sends De-registration complete to the AMF.
10.	UE moves hosting network identity to the list of "temporarily forbidden SNPNs" or temporary unavailable list, if the local hosting network is SNPN, or move the CAG Identifiers of local hosting network out of "CAG Information list", if the local hosting network is a PNI-NPN.
11.	UE would change the Network Selection mode to Automatic if it had connected to the hosting network through Manual mode and select network based on PLMN selection procedure as defined in 3GPP TS 23.122 [y], clause 4.4. UE will initiate Registration to the Home / Serving Network as defined in 3GPP TS 23.502 [x], clause 4.2.2.2.2. Since the de-registration from the hosting network and Registration to the Home/Serving Network happens in a staggered manner, the Home/Serving Network does not get overloaded.

6.X.3.2	UE in CM-Connected State and AMF not configured to send Network/service availability timer



Figure 6.X.3.2-1: UE in CM-Connected state and AMF not configured to send “Network / Service Availability” timer
1.	UE initiates registration with the local hosting network.
2.	AMF assigns an appropriate "service availability timer" considering the service available timer (as configured by the OAM) and ensuring that all the UEs does not trigger de-registration at the same time. Thus, ensuring the UE also does not cause signalling overload at the home network when the UE connects back. AMF does not include the "Network/service availability timer" in the Registration accept message as it is not configured to send this timer in Registration accept message.
3.	AMF starts the "Network/service availability timer" for both CM-Idle and CM-Connected States.
4.	"Network/service availability timer" for CM-Idle State expires at AMF. The UE is in CM-CONNECTED state, so the AMF does not take any action.
5.	"Network/service availability timer" for CM-Connected State expires at AMF. AMF initiates explicit De-registration procedure with the UE.
6.	AMF sends De-registration Request to the UE with cause code (eg: 5G Services going out of Service) indicating that local services are going to be terminated soon.
7.	UE sends De-registration complete to the AMF.
8.	UE moves hosting network identity to the list of "temporarily forbidden SNPNs" or temporary unavailable list, if the local hosting network is SNPN, or move the CAG Identifiers of local hosting network out of "CAG Information list", if the local hosting network is a PNI-NPN.
9.	UE would change the Network Selection mode to Automatic if it had connected to the hosting network through Manual mode and select network based on PLMN selection procedure as defined in 3GPP TS 23.122 [y], clause 4.4. UE will initiate Registration to the Home / Serving Network as defined in 3GPP TS 23.502 [x], clause 4.2.2.2.2. Since the de-registration from the hosting network and Registration to the Home/Serving Network happens in a staggered manner, the Home/Serving Network does not get overloaded.
The same call flow is applicable for a UE in CM-Connected State, even if the AMF is configured to send "Network/service availability timer".
[bookmark: _Toc23326079][bookmark: _Toc23517600][bookmark: _Toc23519159]6.X.4	Impacts on existing services and interfaces
The solution has the following impacts:
UE: 
-	handling of new cause codes, service availability timer and related implementation.
AMF: 
-	handling of new timer for all the UEs accessing local services. Support for new cause code in network initiated UE deregistration request.
End of changes
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