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Abstract of the contribution: Update of solutions 42 & 43 for ping pong prevention by using a UE indication.
1	Introduction
This contribution proposes to address the Editor’s Notes in solutions 42 and 43 related to ping pong between the CN network types:
Editor's note:	How the MME knows the 5GC is available for the UE is FFS. Related to this, whether the redirected UE will immediately return back to EPC due to unavailability of 5GC is FFS.
Editor's note:	It is FFS if the target CN needs to know that the UE has been redirected.
2	Discussion
KI#15 includes the following architectural requirement and baseline on CN steering:
“Upon redirecting the UE to EPC, it shall be possible for the EPC to prevent idle and connected mode mobility to 5GC, and vice versa。”
[bookmark: _Hlk515520337]“If the 5GC has redirected the UE to EPC, the EPC indicates the idle mode camping policy and connected mode mobility restrictions to RAN to prevent mobility to 5GC, and vice versa.”
A CN may attempt to redirect a UE to another CN type due to, for example, the reasons listed in the KI15 description. Solutions 42 & 43 are solutions where the source CN actively redirects the UE between CN types.
When a UE is redirected the target CN should not attempt to redirect the UE back to the source CN, and equally if the redirection fails, then the source CN should not attempt to redirect the UE again. Clearly it is desirable to prevent the CNs from redirecting the UE once an initial redirection (successful or not) has occurred – i.e. ping pong prevention.
Depending upon the chosen solution the source and/or target CN may need to set idle mode camping policies and connected mode mobility restrictions to prevent further changing of CN types, if supported by the RAT.
When the UE accesses the network several cases can be identified. The table below shows a comparison between them, how the CN should react and how the network makes the determination.

	Case
	Description
	CN’s reaction
	How to distinguish

	Normal Access 
	UE accesses without CN change or without having been redirected.
	No special treatment required, however policies may trigger redirection.
	Default case, does not require anything to distinguish it.

	Redirection (Successful)
	UE accesses the source CN and is then redirected to the target CN. 
The UE accesses using the target CN.
	The target CN should accept the UE and not attempt to redirect it again.
Further idle/connected change of CN type should not occur.
	It is not possible without enhancement to distinguish this case.

	Redirection Failure
	UE accesses source CN and is then redirected to the target CN. 
The UE cannot access using the target CN and accesses the source CN again.
	The source CN should accept the UE, and not attempt to redirect it again.
Further idle/connected change of CN type should not occur.
	It is not possible without enhancement to distinguish this case.

	Interworking 
	UE moves to EPC or 5GC as defined in clause 5.17.2 of TS23.501 or clause 4.11 of TS23.502
	Target CN supports interworking. 
Depending upon policy the UE may be redirected.
	Moving from 5GC indication or moving from EPC indication.

	Emergency fall-back
	UE moves to EPC as defined in clause 5.16.4.11 of TS23.501 or clause 4.13.4 of TS23.502
	Target CN may force the UE back to source CN when the emergency service is finished
	Emergency registration or emergency request session.



The operator may configure the operator policies regarding to the redirection, for example applied to a group of UEs. Based on operator policies, if the CN determines that the UE is accessing to the preferred CN, it further prevents mobility/redirection to other CN; if the CN determines that the UE is not accessing to the preferred CN, it may further try to redirect the UE to the preferred CN. So the operator policies should be configured at both 5GC and EPC. In order to avoid redirection failure, the operator policies need to take the target CN coverage area or availability of the target CN into account when making redirection decision, for example if there is no chance the redirection can work then it should not be done.
There are 3 potential solutions being discussed for how to handle the ping-pong and to prevent it:
- 	Redirection history stored in the HSS+UDM:
	Source CN stores UE’s redirection history in the HSS+UDM, this requires the source CN to create/update the redirection record in HSS+UDM. Then the target CN can retrieve the redirection record from HSS+UDM to determine the UE has been redirected and further prevent redirection back or idle and connected mode mobility to the source CN. It is expected that on each failed access the target CN will need to update the HSS+UDM so the source CN can subsequently identify redirection failure. The source CN can retrieve the redirection history from the HSS+UDM to identify redirection failures.
- 	Redirection history stored in UE context in AMF/MME:
	The source CN stores the UE’s redirection history in the UE context in the MME/AMF. Then the target CN can retrieve the UE context from the source CN only if N26 exists. The source CN can maintain a record of redirections and identify failure cases when the context is maintained after successful initial registration or attach. With the redirection history in the UE context, the target CN can know that the UE has been redirected and further prevent idle and connected mode mobility to source CN and avoid repeated redirections. This is applicable in case N26 exists and/or the UE has successfully registered or attached.
- 	Indication from UE it has been redirected: 
	The UE includes the “Inter-CN type” indication in subsequent registration/attach/TAU messages to the target CN after redirection and the “Inter-CN type” indication is cleared by the UE when the registration/attach/TAU is successfully completed. Based on such indication, the target CN knows that the UE has been redirected and prevents idle and connected mode mobility to source CN and avoid repeated redirections. The UE status IE as defined in TS24.501 can be easily extended to support the “Inter-CN type” indication. This “Inter-CN type” indication is also applicable to source CN when redirection fails. By always including it in case of redirection, we can keep the UE implementation simple – i.e., always included until a successful attach/TAU/registration, regardless of CN type.

	Solution
	Pros
	Cons

	Redirection history stored in HSS+UDM
	Does not rely upon N26.
Does not rely upon UE context existing in MME/AMF (i.e. successful initial registration/attach has occurred).
No UE signalling impacts.
	Requires the HSS+UDM to be updated after each attempted registration.
Unclear when to clear redirection history.

	Redirection history stored in UE context in AMF/MME
	No additional HSS+UDM signalling or storage updates.
No UE signalling impacts.
	N26 must be present.
Context must exist (i.e. successful initial registration/attach).
Unclear when to clear redirection history.

	Indication from UE it has been redirected
	Does not rely upon N26.
Does not rely upon UE context existing in MME/AMF (i.e. successful initial registration/attach has occurred).
No additional HSS+UDM signalling or storage updates.
Clearly defined the lifecycle of the indication.
Simple: The UE status IE as defined in TS24.501 can be easily extended to support the “Inter-CN type” indication
	Small UE signalling impact.



It is the sourcing company’s view that the redirection indication from the UE has the least impact and is the simplest option, even though there is a small UE impact.
Proposal: Target CN or source CN shall be aware that the UE has been redirected with an explicit Inter-CN type indication from UE. 
An update to solutions 42 & 43 it provided in the following section.
3	Proposal
It is proposed to approve the changes to TR23.724 listed below.
*** Start of changes ***
[bookmark: _1407230184][bookmark: _MON_1546401238][bookmark: _MON_1546402358][bookmark: _MON_1548689771][bookmark: _MON_1545478660][bookmark: _MON_1545482286][bookmark: _MON_1546339004][bookmark: _MON_1546382590][bookmark: _Toc529034117][bookmark: _Toc529034129]6.42	Solution 42: NAS based Redirection between Core Networks
[bookmark: _Toc529034118]6.42.1	Introduction
This NAS based solution applies to Key issue 15 of load balancing the UEs between the two systems.
[bookmark: _Toc529034119]6.42.2	Functional Description
This solution is a procedure to steer the UE during the (re-)registration procedure.
In EPC, when UE sends the Attach Request to the MME and MME determines that the UE need to move to the 5G system, the MME shall reject the Attach Request and send an appropriate EMM cause indicating the target CN system to the UE. After, the UE shall disable S1 mode and re-enable the N1 mode if it was disabled and perform registration in the target 5G system. Similar, in case of 5GC, the AMF will send a Registration Reject with a cause indicating to the UE to register in the EPC network. Upon the indication, the UE shall disable the N1 mode and re-enable the S1 mode if was disabled.
When the UE is redirected, the UE includes an “Inter-CN type” indication in subsequent registration/attach or TAU procedures. This informs the target CN that the UE has been redirected and therefore it should not attempt to redirect the UE back to the source CN. In case the redirection to the desired CN type fails the UE also includes the “Inter-CN type” in the subsequent registration/attach or TAU procedure with the source CN. This tells the source CN that the UE was either redirected to it, or a previous redirection attempt has failed and therefore should not be redirected again. After a successful registration/attach or TAU the UE no longer includes the “Inter-CN type” indication in the subsequent registration/attach or TAU procedures.
[bookmark: _Toc529034120]6.42.3	Support of EPC interworking
TS 23.501 [5], clause 5.17 applies when a registered/connected UE(s) is moved to 5GC or EPC systems.
[bookmark: _Toc529034121]6.42.4	Procedures
[bookmark: _Toc529034122]6.42.4.1	Redirection using NAS indication
[bookmark: _Toc529034123]6.42.4.1.1	General
When a UE triggered registration either in EPC or 5GC network, network redirects the UE to target system by indication in the NAS layer.
[bookmark: _Toc529034124]6.42.4.1.2	Redirection from EPC to 5GC network


Figure 6.42.4.1.2-1: Redirection from EPC to 5GC network
1.	The UE sends the Attach or TAU Request as step#1-2 of Figure 5.3.2.1-1 in TS 23.401 [4]. The UE includes an indication that it supports N1 mode and its Preferred Network Behaviour. The Preferred Network Behaviour includes the 5GS/EPS CIoT optimisations the UE supports and what it would prefer to use. Based on the indication that the UE supports N1 mode and that Preferred Network Behaviour, the MME knows the UE can be redirected to 5GC.
2.	If the MME decides to redirect the UE to the 5GC network, then the MME rejects the UE's attach request and sends an Attach / TAU Reject with appropriate EMM cause to indicating the UE to be registered in the 5GC network.
Editor's note:	How the MME knows the 5GC is available for the UE is FFS. Related to this, whether the redirected UE will immediately return back to EPC due to unavailability of 5GC is FFS.
3.	Upon target CN type indication in the Attach Reject the UE disables S1 mode and re-enables the N1 mode if disabled, and the UE starts the 5GC Registration procedure with the “Inter-CN type” indication, see Figure 4.2.2.2.2-1 in TS 23.502 [7].
	If the UE cannot find a cell supporting connectivity to 5GC, the UE re-enables the S1 mode and attempts to attach to EPC.
4.	After, the 5GC will accept the UE registration as described in the Figure 4.2.2.2.2-1 in TS 23.502 [7].
[bookmark: _Toc529034125]6.42.4.1.3	Redirection from 5GC to EPC network


Figure 6.42.4.1.3-1: Redirection from 5GC to EPC network
1.	The UE sends the Registration Request as step#1-3 of Figure 4.2.2.2.2-1 in TS 23.502 [7]. This can be initial, mobility or periodic registration. The UE includes an indication that it supports S1 mode and its Preferred Network Behaviour. The Preferred Network Behaviour includes the 5GS/EPS CIoT optimisations the UE supports and what it would prefer to use. Based on the indication that the UE supports S1 mode and the Preferred Network Behaviour, the AMF knows the UE can be redirected to EPC.
2.	AMF decides to redirect the UE to the EPC, the AMF rejects the UE's Registration Request and sends a Registration Reject with appropriate MM cause to indicating to the UE to attempt a registration in the EPC network.
Editor's note:	How the AMF knows the EPC is available for the UE is FFS. Related to this, whether the redirected UE will immediately return back to 5GC due to unavailability of EPC is FFS.
3.	Upon CN type indication in the Registration Reject, the UE disables the N1 mode and re-enables the S1 mode if disabled, and the UE starts the EPC Attach or TAU procedure with the “Inter-CN type” indication, see Figure 5.3.2.1-1 in TS 23.401 [4].
	If the UE cannot find a cell supporting connectivity to EPC, the UE re-enables the N1 mode and attempts to attach to 5GC.
4.	After, the EPC will accept the UE Attach/TAU as described in the Figure 5.3.2.1-1 in TS 23.401 [4].
[bookmark: _Toc529034126]6.42.4.1.4	Interaction with Steering of Roaming
If the AMF rejects the registration request and redirects the UE to EPC, the steering of roaming as described in Annex C in TS 23.122 [21] cannot be applied. In this case the UE may be redirected to EPC as described in this solution.
[bookmark: _Toc529034127]6.42.5	Impacts on existing entities and interfaces
EPC impacts:
-	If a MME determines that the UE needs to be redirected to other system, then MME needs to use an appropriate EMM cause and notify to the UE in NAS layer.
-	The MME does not steer the UE to 5GC if the “Inter-CN type” indication is received in Attach/TAU.
5GC impacts:
-	AMF uses an appropriate EMM cause and notifies to the UE over NAS.
-	The AMF does not steer the UE to EPC if the “Inter-CN type” indication is received in registration.
UE impacts:
-	UE needs to understand the NAS rejection value and performs actions accordingly, i.e. disable the S1 or N1 mode.
-	Send “Inter-CN type” indication in Registration/TAU/Attach Request(s) until a successful registration/TAU/Attach.
[bookmark: _Toc529034128]6.42.6	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
*** Next change ***
6.43	Solution 43: RRC based Redirection between Core networks
[bookmark: _Toc529034130]6.43.1	Introduction
This RRC based solution applies to Key issue 15 of load balancing the UEs between the two systems.
[bookmark: _Toc529034131]6.43.2	Functional Description
This solution provides a procedure to redirect the UE between the 5GC or EPC by the network over a RRC notification.
Proposed to re-use the "target CN indication" in the N2 release message by the AMF (in Rel-15 specified for Emergency Services) for the load balancing purpose. In this case, when the AMF is notified (e.g. by O&M) or determines based on local policy, and UE's Preferred Network Behaviour, then the AMF triggers N2 release with an indication to redirect the UE to the target CN. After, the UE performs Attach/TAU procedure in EPC.
In addition, similar indication needs to be introduced in the S1-AP interface i.e. MME will indicate the RAN to perform the redirection of a UE to the target 5GC system which will be notified to the UE in the RRC release. In fact, similar mechanism is defined in TS 36.413 [22] (cause IE "Load Balancing TAU Required") for load balancing between MMEs within the EPC. Similar, upon determining (e.g. by O&M notification or by local policy, and UE's Preferred Network Behaviour) by the MME that the UE(s) needs to move to target network, then MME will trigger UE context release command with a cause IE i.e. target CN information (i.e. 5GC) to the RAN which is notified to the UE in the RRC release, thus UE can perform the registration procedure in target CN system (i.e. 5GC). In addition, MME may provide the RFSP Index and handover restriction list to the RAN which allows the RAN to set proper camping policies to the UE to ensure the UE stays in 5GC when it returns to Idle mode, and to prevent handovers to 5GC in Connected mode. After, the UE performs registration procedure in 5G system.
NOTE:	Idle-mode camping policies are not supported for NB-IoT UEs.
Editor's note:	It is FFS if the target CN needs to know that the UE has been redirected.
[bookmark: _Toc529034132]When the UE is redirected, the UE includes an “Inter-CN type” indication in subsequent registration/attach or TAU procedures. This informs the target CN that the UE has been redirected and therefore it should not attempt to redirect the UE back to the source CN. In case the redirection to the desired CN type fails the UE also includes the “Inter-CN type” in the subsequent registration/attach or TAU procedure with the source CN. This tells the source CN that the UE was either redirected to it, or a previous redirection attempt has failed and therefore should not be redirected again. The CN that receives the “Inter-CN type” indication should set camping policies so the UE continues to use the CN type, if supported. After a successful registration/attach or TAU the UE no longer includes the “Inter-CN type” indication in the subsequent registration/attach or TAU procedures.
6.43.3	Support of EPC interworking
TS 23.501 [5], clause 5.17 applies when a registered/connected UE(s) is moved to 5GC or EPC systems.
[bookmark: _Toc529034133]6.43.4	Procedures
[bookmark: _Toc529034134]6.43.4.1	Redirection using RRC indication
[bookmark: _Toc529034135]6.43.4.1.1	General
The network will redirect the UEs to the target system based on load balancing determination as below.
[bookmark: _Toc529034136]6.43.4.1.2	Redirection from EPC to 5GC network


Figure 6.43.4.1.2-1: Redirection from EPC to 5GC network
0.	A UE is attached to the EPC network. As part of Attach / TAU procedure, the UE includes an indication that it supports N1 mode and its Preferred Network Behaviour. The Preferred Network Behaviour includes the 5GS/EPS CIoT optimisations the UE supports and what it would prefer to use. Based on the indication that the UE supports N1 mode and the Preferred Network Behaviour, the MME knows the UE can be redirected to 5GC.
1.	If the MME has determined that the UE need to be redirected to the 5GC, when the MME releases the S1 context, the MME includes an indication of the target CN information (i.e. 5GC) to the Initial Context Release command.

In addition, MME may provide the RFSP Index to the RAN which allows the RAN to set proper camping policies to the UE to ensure the UE stays in 5GC when it returns to Idle mode.
NOTE 1:	Defining the appropriate cause value of indication is up to the Stage 3.
2.	RAN node will release the RRC connection with an indication of the target core network type and idle-mode camping policies.
3.	RAN node sends the Release complete to the MME.
4.	After the RRC release, the UE attempts to perform a registration procedure with the “Inter-CN type” indication to the 5G system.
	The AS layer in the UE informs the NAS about the CN type. If the UE finds a cell supporting connection to 5GC, NAS layer sends a Registration Request to 5GC and includes the “Inter-CN type” indication in the Registration Request based on the target CN type from the AS layer.
	The AMF gets the UE context from EPC as described in the clause 4.11 in TS 23.502 [7], if the N26 interface exists.
5.	The AMF sends the Registration Accept to the UE. Afterwards, the AMF may provide a handover restriction list to the RAN to prevent the handovers to EPC.
[bookmark: _Toc529034137]6.43.4.1.3	Redirection from 5GC to EPC network


Figure 6.43.4.1.3-1: Redirection from 5GC to EPC network
0.	A UE is registered in the 5G system. As part of Registration procedure, the UE includes an indication that it supports S1 mode and its Preferred Network Behaviour. The Preferred Network Behaviour includes the 5GS/EPS CIoT optimisations the UE supports and what it would prefer to use. Based on the indication that the UE supports S1 mode and that Preferred Network Behaviour, the AMF knows the UE can be redirected to EPC.
1.	If the AMF has determined that the UE need to be redirected to the EPC, when the AMF releases the N2 connection, the AMF includes an indication of the target CN information (i.e. EPC) to the N2 release command. 

In addition, AMF may provide the RFSP Index to the RAN which allows the RAN to set proper camping policies to the UE to ensure the UE stays in EPC when it returns to Idle mode.
2.	RAN triggers RRC release procedure includes target CN indicated received in N2 procedure is conveyed to the UE.
3.	RAN sends N2 release acknowledgement to the AMF
4.	Based on the RRC indication, the UE attempts to perform the registration procedure i.e. mobility Attach or TAU procedure with the “Inter-CN type” indication in EPC.
	The AS layer in the UE informs the NAS about the available and target CN types. If the UE finds a cell supporting connection to EPC, the NAS layer sends an Attach or TAU Request to EPC based on the target CN type from the AS layer.
	The MME retrieves the UE context from 5GC as described in the clause 4.11 in TS 23.502 [7], if the N26 interface exists.
NOTE:	As per current procedures the AS layer indicates the available core networks to the NAS layer. If the target CN is not available for the UE, the UE stays registered in the source core network.
5.	After, the MME sends the Attach/TAU Accept message to the UE. The MME may provide a handover restriction list to the RAN to prevent handovers to 5GC.
[bookmark: _Toc529034138]6.43.5	Impacts on existing entities and interfaces
EPC impacts:
-	If a MME determines that the UE needs to be redirected to other system, then the MME needs to create an appropriate cause and notify to the RAN in S1-AP.
-	RAN needs to provide the redirection indication in RRC to the UE.
-	The MME does not steer the UE to 5GC if the “Inter-CN type” indication is received in Attach/TAU.
-	MME may provide the RFSP Index to the RAN which allows the RAN to set proper camping policies to the UE to ensure the UE stays in EPC when it returns to Idle mode if the “Inter-CN type” indication is received.
5GC impacts:
-	The AMF does not steer the UE to EPC if the “Inter-CN type” indication is received in registration.
-	The AMF  may provide the RFSP Index to the RAN which allows the RAN to set proper camping policies to the UE to ensure the UE stays in 5GC when it returns to Idle mode if the “Inter-CN type” indication is received.
UE Impacts:
-	The UE needs to understand redirection indication and perform actions accordingly The existing redirection indication in RRC Connection Release (cnType) in WB-E-UTRAN can be reused and a similar indication needs to be added for NB-IoT.
-	Send “Inter-CN type” indication in Registration/TAU/Attach Request(s) until a successful registration/TAU/Attach.
NOTE:	Defining the appropriate cause value of indication is up to the Stage 3.
[bookmark: _Toc529034139]6.43.6	Evaluation
Editor's note:	This clause provides an evaluation of the solution.
*** End of changes ***
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