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[bookmark: _Toc462478989]Abstract of the contribution: This paper proposes the evaluation and interim conclusions on KI#6
1	Proposal
It is proposed to adopt the following proposal into TS23.700-08.
[bookmark: _Toc510607461]		* * * * 1st Change * * * *
[bookmark: _Toc101340417]7	Evaluation
7.X	Evaluation on KI#6
The solutions for KI#6 are proposed to address the UEs returning from the Hosting Network to their Home Network (i.e., HPLMN/VPLMN, SNPN) when the Localized Services in the Hosting Network are completed. Under the condition, it may cause many UEs returning back to e.g. their Home Network and this may result in signalling overload in their Home Network.
NOTE:	Home Network is used, but the network selected by the UE depends on the UE’s network selection and what networks are available e.g. UE can return to VPLMN different from the PLMN the UE was registered to before selecting the Hosting Network.
When considering solution proposals for KI#6, there are two categories for handling signalling overload resulting from the UEs returning to their Home Network:
-	The avoidance-based method: the UEs is (pre)-configured with a timer/waiting time based on the Validity Information of the Localized Services e.g. by the Home Network or by the Hosting Network
-	The runtime-based method: the UEs directly return to their Home network when the Localized Services terminate and the Home Network will use the existing mechanisms to handle the signalling overload if the congestion happens
For avoidance-based method (i.e., Solutions#9, 10, 38), the Home Network may:
-	negotiate with Hosting Network the number of UEs in a time unit that can trigger PLMN selection (to potentially return to Home Network); or
-	negotiate with Hosting Network or configure UE the timer/waiting time for the UEs before triggering PLMN selection.
For runtime-based method (i.e., Solutions#8,17, 39), the Home Network applies the existing congestion control and overload control to the UEs for returning from the Hosting Network but cause congestion overload. The UEs registers to the Home Network by indicating they are back from the Hosting Network. If the Home Network is in a congestion condition, the Home Network can reject the UE with a cause and a back-off timer.
To compare the avoidance-based and runtime-based methods, the differences are below:
-	the avoidance-based method can allow the UE to return to their Home Network in a distributed or stagged manner to prevent the congestion or overload conditions happen in their Home Network.
-	the runtime-based method directly applies the existing mechanism optionally with adding the indication that the UE is returning from the Hosting Network as an indication to the Home Network. 
[bookmark: _Hlk112233116]The avoidance-based method potentially delays the UEs return to the Home Network also for the cases when the Home Network is not overloaded/congested. It is also expected that the user itself can decide to stop using the Localized Service i.e. in these cases the UE would return back to the Home Network disregarding the spreading applied for the UE’s return.
The runtime handling has allowed the UEs to initiate the Registration procedure as soon as wanted and then if the Home Network is congested rejected the UE with a back-off timer in which the Home Network has been through the signalling congestion from those returning UEs from the Hosting Networks (unless Home Network is so congested that e.g. UAC is used). Additionally, it is not necessary for those returning UEs to indicates it returns from the Hosting Network. Those returning UEs has no higher priority than others UEs which are not returning from the Hosting Network.
Table 7.x-1: Summary of solutions for KI#6
	Solution #7
High level flow for localized service support

	The solution provides the high level entities and procedures for providing access to localized services.
This solution does not cover the impact on different entities, services, and interface, will be covered by other specific solutions.

	Solution #8
Reuse existing mechanisms for Control Plane Load Control, Congestion and Overload Control
	The proposed solution is to reuse existing mechanisms for Control Plane Load Control, Congestion and Overload Control, to mitigate signaling overload when large number of UEs return to their home network. 
As the solution proposes to reuse the existing mechanisms, it is noted that there is no impact on services, entities and interfaces.

	Solution #9
Prevention of overload build up at home network using AMF based congestion control when local service is over
	This solution proposes to deregister UEs accessed to localized services in a staggered manner before the termination of local hosting network. In order to achieve this, two mechanisms, namely, usage of network availability timers and specific cause code to trigger a controlled deregistration are proposed.
The solution assumes that the hosting network is able to determine the exact timing when the local service stops and UEs need to leave, which may not be the case for most scenarios.
The solution has an impact on UE and AMF. For the UE, the impact is to support new cause codes, service availability timer and related implementation. For the AMF, the impact is to handle new timer for UEs accessing to local services and to support new cause code in network-initiated de-registration request.
The solution prevents any overload condition cause by simultaneous registration request coming from all the returning UEs.

	Solution #10
Solution for discovery and selection of NPN hosting network and localized services
	Although this solution mainly addresses KI#4, it also provides a solution for KI#6. 
It is proposed that either the UE applies a random delay before initiating a PLMN selection or HPLMN (or Credentials Holder) configures UEs with slightly different end time to the validity time period.
The end time of validity condition may not aways be the same as the real end time of the service. It can’t be assumed that UE’s returning to the home network is triggered by the time validity condition.  

	Solution #17
UE Group specific NAS level congestion control
	The solution proposes to use group specific NAS level congestion control mechanism to mitigate user plane and control plane overload. The home network associates UEs temporarily accessing localized services to an Internal-Group Identifier, which can be specific to each local hosting network and/or service and applies UE group-specific NAS level congestion during the return of UEs. 
The solution has an impact on UE/AMF to support localized service related de-registration information, NEF to support exposure from local hosting networks, UDM to support local hosting network/service information in Internal-Group identifier and AMF/SMF to apply Group Specific NAS level congestion control.
This solution requires UE to request registration in the home network and then the AMF of the home network applies UE group-specific NAS level congestion control. Naturally, this solution does not prevent an overload condition as the RAN and the AMF will get registration request from all the returning UE and this may lead to increased load in the system.

	Solution #38
Sequential deregistration by hosting network
	This solution proposes to control the number of returning UE based on service level agreement between the home network and hosting network.
The solution relies on that the hosting network can group the UEs according to their home network, but it remains unclear how it is achieved.
The solution has an impact on UE and AMF. For the UE, the impact is to support finishing deregistration procedure where the termination of the localized service is indicated by AMF and to support return of the UE to its home network. For the AMF, the impact is to support indication of localized service termination as part of the Deregistration request message and to support triggering deregistration in a sequence manner in a way that the maximum number of returning UEs at a given units of time does not exceed the configured number at AMF.


	Solution #39
Local hosting network specific back-off timer
	This solution proposes a local hosting network-specific flexible back-off timer range and back-off timer assignment to spread out the registration attempts over time and limit the number of users attempting to register back to their home network simultaneously in order to avoid signaling overload and unnecessary waiting times for the returning users. 
The solution effectively avoids using uniformed non-optimal back-off timers for all UEs.

The solution has an impact on UE and AMF. For the UE, the impact is to support sending the local network indication as part of the new registration request (“re-registration from hosting network” or “local network access indication”). For the AMF, the impact is to support new registration type/indicator related to local hosting network re-registration and assignment of a local hosting network-specific back-off timer range.
This solution requires UE to request registration in the home network and then the AMF of the home network provides a back-off timer. This solution does not prevent an overload condition as the RAN and AMF will get registration request from all the returning UE and this may lead to increased load in the system.



8.X	Interim conclusions for KI#6
The following principles from the evaluation are recommended to be considered during the normative work: 
-	The home/serving network can re-use existing mechanisms for Control Plane Load Control, Congestion and Overload Control described in 3GPP TS 23.501 [3] clause 5.19 when load level reaches a certain thereshold and overload control mechanism are triggered.
NOTE 1: Whether any enhancement to the existing mechanisms is needed is FFS
-	Additional mechanisms can be implemented to ensure spreading of return of the UEs to home/serving network. 
NOTE 2: Which specific method to adopt for normative work, if any, is FFS.
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