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1
Discussion

In TR 23.799 clause 8.11 (Agreements on Key Issue #18: Interworking and Migration) is agreed that:

-
The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

- Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
Both scenarios with Nx and without Nx are considered. 
In addition for completeness (and comparison) also the intra-system scenarios are analysed in the table.

1.1 Overview of mobility cases
	Case
	Combination
	AS procedure
	AS procedure
	NAS procedure 
	Note

	1
	Intra-RAT, intra-NGS, UE single registered


	Connected mode:


	LTE->LTE: Handover

5G NR->5G NR: Handover


	To NGC: Registration 

(Needed only if different TA/RAs across cells)
	"Single registered" has one temporary ID allocated by 5GC. 

Therefore Registration is performed always with "5G GUTI." 

 

	
	
	Idle mode:


	Cell reselection
	
	

	2
	Inter-RAT, intra-NGS, UE single registered


	Connected mode:
	5G NR->LTE (vice versa): Handover


	To NGC: Registration

(Needed only if different TA/RAs across cells)
	“Single registered" has one temporary ID allocated by 5GC. 

Therefore Registration is performed always with "5G GUTI." 



	
	
	Idle mode:
	Cell reselection
	
	

	3
	Intra-RAT, inter-system (with Nx), UE single registered
	Connected mode:
	LTE->LTE: Handover


	To NGC: Registration

To EPC: TAU 

 (always at inter-system)
	“Single registered" has one temporary ID allocated by 5GC. 

Therefore Registration is performed with "5G GUTI" derived from GUTI and TAU is performed with GUTI derived from "5G GUTI"

	
	
	Idle mode:
	Cell reselection
	
	

	4
	Inter-RAT, inter-system (with Nx), UE single registered

	Connected mode:
	5G NR->LTE (vice versa): Handover


	To NGC: Registration

To EPC: TAU

(always at inter-system)
	“Single registered" has one temporary ID allocated by 5GC. 

Therefore Registration is performed with "5G GUTI" derived from GUTI and TAU is performed with GUTI derived from "5G GUTI"

	
	
	Idle mode:
	Cell reselection
	
	

	5
	Intra-RAT, inter-system EPS to NGS (without Nx), UE dual registered
	Connected mode:
	LTE->LTE (vice versa): TBD (possible Release Redirection) but no handover possible


	To NGC: "Handover" Registration

To EPC: "Handover" Attach


	UE in this scenario is "dual registered" i.e. is allocated "5G GUTI" from NGC and GUTI from EPC. The UE uses 5G GUTI in "Handover Registration" and GUTI in "Handover Attach".
In connected mode UE knows from the radio procedure (i.e. no handover) to perform "Handover" Attach/Registration. Same HO mechanism as non-3GPP-3GPP in EPS


	
	
	Idle mode:
	Cell reselection
	
	

	6
	Inter-RAT, inter-system NGS to EPC (without Nx), UE dual registered
	Connected mode
	5G NR->LTE (vice versa): TBD (possible Release Redirection) but no handover possible

	To NGC: "Handover" Registration

To EPC: "Handover" Attach


	UE in this scenario is "dual registered" i.e. is allocated "5G GUTI" from NGC and GUTI from EPC. The UE uses 5G GUTI in "Handover Registration" and GUTI in "Handover Attach"
In connected mode UE knows from the radio procedure (i.e. no handover) to perform "Handover" Attach/Registration. Same HO mechanism as non-3GPP-3GPP in EPS



	
	
	Idle mode
	Cell reselection
	
	

	7
	Intra-RAT, inter-system NGS to EPS (without Nx), UE NOT dual registered


	Connected mode
	LTE->LTE (vice versa): TBD (possible Release Redirection) but no handover possible


	To NGC: Registration

To EPC: TAU

(always at inter-system)

	Registration is performed with "5G GUTI" derived from GUTI and TAU is performed with GUTI derived from "5G GUTI"

MME/AMF will reject the TAU/Registration with re-attach required since there is no Nx


	
	
	Idle mode
	Cell reselection
	
	

	8
	Inter-RAT, inter-system NGS to EPS (without Nx), UE NOT dual registered


	Connected mode
	5G NR->LTE (vice versa): TBD (possible Release Redirection) but no handover possible

	To NGC: Registration

To EPC: TAU

(always at inter-system)

	

	
	
	Idle mode
	Cell reselection
	
	


From this analysis, we can conclude that:
· Conclusion 1: for Intra/inter-RAT, intra-NGS, UE single registered, the UE always perform the registration with "5G GUTI"

· Conclusion 2: for intra/inter-RAT, inter-system with Nx, UE single registered, the UE performs the registration with  5GC using the"5G GUTI" derived from GUTI, and performs the TAU with EPC using GUTI derived from "5G GUTI"
· Conclusion 3: for Intra/inter-RAT, inter-system EPS to NGS (and vice versa) without Nx, UE dual registered, the UE to perform "Handover" Attach/Registration and the same HO mechanism in the CN that is used for non-3GPP to 3GPP in EPS applies. The UE uses 5G GUTI in "Handover Registration" and GUTI in "Handover Attach". 
· Conclusion 4: for Intra/inter-RAT, inter-system EPS to NGS (and vice versa) without Nx, UE single registered, the UE performs the registration with  5GC using the"5G GUTI" derived from GUTI, and performs the TAU with EPC using GUTI derived from "5G GUTI". The MME/AMF will reject the TAU/Registration with re-attach required
1.2 Open Issues

In particular, the following aspects need to be resolved:

1.
What mobility procedure does the UE use for the dual-registered scenario without Nx NAS-level in case of mobility from NGS to EPS. 

(  UE to perform "Handover" Attach/Registration (see conclusion 3)

2.
Whether the UE needs to be aware of Nx support in the network, how it can be indicated to the UE, and what is the granularity of Nx support.

( Conclusion 5: The UE needs to be aware whether to perform "dual registration" or not. It does not need to know whether Nx is supported in the particular AMF/MME it connects to. 

3.
How the UE determines if it needs to perform dual registration or not.

( Conclusion 6: The UE is informed for the network capabilities in NAS (Attach/TAU Accept for EPC, Registration Accept in 5GC) and decides based on UE-implementation triggers when (i.e. at which time) to perform the "dual registration".
2
Proposal

It is proposed to adopt the following in TS 23.501. 

* * * * First Change * * * *
2
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5.3.4
UE Mobility

5.3.4.1
General
The mobility management functions are used to keep track of the current location of a UE.

Within the 5G System, inter-RAT and intra-RAT idle mode mobility is supported in idle and connected mode. When the UE moves between different Tracking Areas within 5G System UE performs a Registration for mobility procedure.
Between the 5G System and EPS, inter-RAT and intra-RAT idle mode mobility is supported in idle and connected mode either using single registration or dual registration procedures as defined in clause 4.3. When single registration procedure is used with Nx the UE performs Registration for mobility procedure with an AMF as defined in TS 23.502 [3] (when it moves from EPC to 5GC) and TAU procedure with an MME as defined in TS 23.401 [xx] (when it moves from 5GC to EPC). When dual registration procedure is used the UE performs "handover" Registration with an AMF as defined in TS 23.502 [3] (when it moves from EPC to 5GC) and "handover" Attach with an MME as defined in TS 23.401 [xx] (when it moves from 5GC to EPC).
5.3.4.2
Mobility Restrictions

5.3.4.2.1
General

Mobility Restrictions restrict mobility handling or service access of a UE in the 5G System. The Mobility Restriction functionality is provided by the UE, the radio access network and the core network.

Mobility Restrictions in CM-IDLE state are executed by the UE based on information received from the core network. Mobility Restrictions in CM-CONNECTED state are executed by the radio access network and the core network.

In CM-CONNECTED state, the core network provides Mobility Restrictions to the radio access network with a Handover Restriction List.

Mobility restrictions consists of RAT restriction, forbidden area, and service access restrictions as follows:

Editor's note:
It is FFS whether Mobility restrictions can also apply to non-3GPP Access Technologies.

-
RAT restriction:
Defines the 3GPP Radio Access Technology(ies), a UE is not allowed to access. In a restricted RAT a UE is not permitted to initiate any communication with the network.

-
Forbidden area:
In a Forbidden area under a given RAT, the UE is not permitted to initiate any communication with the network.

-
Service access restrictions:
Defines areas in which the UE may or may not initiate communication with the network as follows:

-
Allowed area:
In an allowed area under a given RAT, the UE is permitted to initiate communication with the network as allowed by the subscription.

-
Non-allowed area:
In a non-allowed area under a given RAT a UE is service access restricted. The UE is not allowed to initiate Service Request or SM signalling to obtain user services (both in CM-IDLE and in CM-CONNECTED states). The UE shall perform periodic registration updates and normal registration updates due to mobility. The UE in a Non-allowed area shall respond to core network paging.
For a given UE, the core network determines the service area restrictions based on UE subscription information. Optionally the allowed area may in addition be fine-tuned by the PCF e.g. based on UE location, and network policies. Service area restrictions can be changed due to, e.g. subscription, location, and/or policy change. Service area restrictions may be updated during a Registration procedure.

Editor's note:
It is FFS whether a UE shall perform a registration update whenever entering an allowed area (respectively non-allowed area) from a non-allowed area (respectively allowed area).

If the UE has overlapping areas between RAT restrictions, forbidden areas, allowed areas and non-allowed areas, or any combination of them, the UE shall proceed in the following precedence order:
-
The evaluation of RAT restrictions shall take precedence over the evaluation of any other Mobility restrictions;

-
The evaluation of forbidden areas shall take precedence over the evaluation of allowed areas and non-allowed areas; and

-
The evaluation of non-allowed area shall take precedence over the evaluation of allowed areas.

A UE shall override any forbidden area and non-allowed area restrictions whenever access to the network is required for regulatory prioritized services like Emergency services and MPS.

5.3.4.2.2
Management of service area restrictions

A service area restriction may contain one or more (e.g. up to 16) entire tracking areas. An allowed area may alternatively be unlimited i.e. it may contain all tracking areas.

The UDM stores the service area restrictions of a UE as part of the UE's subscription data. The PCF in the serving network may (e.g. due to varying conditions such as UE's location, application in use, time and date) further adjust service area restrictions of a UE upon registration and mobility events, either by expanding an allowed area or by reducing a non-allowed area. The UDM and the PCF may update the service area restrictions of a UE at any time during registration procedures.

At initial registration, the AMF fetches from the UDM the service area restrictions of the UE that may be further adjusted by the PCF. The serving AMF shall enforce the service area restrictions of a UE. The AMF may provide the UE with any pre-configured allowed area. For a UE in CM_CONNECTED state the AMF shall indicate the service area restrictions of this UE to the RAN.

Upon change of serving AMF due to mobility, the old AMF may provide the new AMF with the service area restrictions of the UE that may be further adjusted by the PCF.
In case of roaming, the service area restrictions are transferred from the UDM via the serving AMF to the serving PCF in the visited network. The serving PCF in the visited network may further adjust the service area restrictions.

5.3.4.3
Mobility Pattern
The Mobility Pattern is a concept that may be used by the 5G system core network to characterize and optimise the UE mobility. The 5G system core network determines Mobility Pattern of the UE based on subscription of the UE, statistics of the UE mobility, network local policy, and the UE assisted information. The statistics of the UE mobility can be historical or expected UE moving trajectory.
Editor's note:
The details of subscription of the UE, network local policy, and the UE assisted information are FFS
Editor's note:
The optimized mobility support based on Mobility Pattern is FFS.
Editor's note:
It is FFS to figure out appropriate name of the concept.
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