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Abstract of the contribution: This paper discusses the UE and network behaviour for SR only mode UE and gives the proposal.
Discussion
In the last meeting, it is agreed that:
· The Single Registration mode (SR) is mandatory for the UE

· Nx is deployment option;

The issue is, when the Nx is not deployed, IP address will change and the UE behaviour is FFS as following:
NOTE:
With Single Registration mode, when there is no support for Nx, IP address change is expected upon mobility to EPS.

Editor's note:
UE behaviour when it moves to EPS or moves to 5GC in case of following scenario is FFS-UE supports SR mode only and network does not support SR mode.

For the SR only UE, and network with Nx interface, it agreed that the following shall be applied:

	
	Connected mode
	Idle mode

	5G - > 4G
	Handover (seamless HO)
	TAU

	4G - > 5G
	Handover (seamless HO)
	Registration procedure with mobility update.


But for the SR only UE, and network without Nx interface, it proposes the following behavoir:

	
	Connected mode
	Idle mode

	5G - > 4G
	RRC release with redirection
· Idle mode mobility
	TAU

	4G - > 5G
	RRC release with redirection
· Idle mode mobility
	Registration with mobility update


Proposal 1: For the SR only UE, TAU is applied when the UE performs the 5G to 4G idle mobility; Registration procedure with mobility update is applied when the UE performs 4G to 5G idle mobility.
For 5G->4G mobility:

When UE access the 5G RAT and in connected mode, 

1) 5G RAN initiate RRC release procedure to UE, which can carry the 4G RAN information (e.g. frequency). This mechanism is similar with the CSFB fast return to E-UTRAN
2) UE accesses to E-UTRAN, and initiates TAU procedure with UE identity (i.e. 4G GUTI mapped from 5G GUTI)
3) It follows Tracking Area Update procedure with the integrity check failure of TAU Request message as specified in subclause5.3.3.1, TS 23.401 and the MME will reject the TAU request.
4) After receiving the TAU reject message, UE performs re-attach procedure. During the re-attach procedure (including the PDN connectivity request message with “initial request” request type), MME selects a new P-GW based on the APN. Therefore the IP address will be changed.

If UE was in idle mode in 5G RAT and moves to 4G, the UE will perform from step 2 above.

So with the existing mechanism, 5G to 4G mobility for SR only UE and network without Nx, the IP address will be changed. 
For 4G->5G mobility:

When UE access the E-UTRAN and in connected mode, 

1) eNB initiate RRC release procedure to UE, which carry the 5G RAN information (e.g. frequency). This is similar with the CSFB fast return to E-UTRAN.
2) UE accesses to 5G RAN, and initiates Registration procedure with UE identity (i.e. 5G GUTI mapped from 4G GUTI)
3) It follows the General Registration procedure in subclause 4.2.2.2.2 of TS 23.502. Step 4, 5 and 10 will not be performed. Steps 6,7, 8 and 9 will be performed.

But in the following fig (in TS23.502, subclause 4.2.2.2.2), if the AMF cannot select the same SMF which is co-allocated with P-GW in step 18, the IP address will change. 

Some company has proposed an enhancement where the AMF will trigger the PDU session establishment without UE involvement if the AMF receives the PDU session status. However this enhancement may cause signalling waste if the AMF receives multiple SMF/PGW-C address from the UDM/HSS in step 14. 
This is because the AMF cannot make the correlation between SMF/PGW-C address and PDU session ID if the AMF receives multiple active PDU session IDs or multiple SMF addresses from UDM/HSS.
Additionally, in the EPC system, the PGW-C address is not removed from the HSS even when the PDN connection is disconnected. So maybe there are no active PDN connections associated to some SMF/PGW-C addresses among that the AMF receives from HSS/UDM 
The steps 2) and 3) are also applied if the UE accesses the 4G RAT and moves to 5G in idle mode.
So, 4G to 5G mobility for SR only UE and network without Nx, the IP address also will be changed. 
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Figure 4.2.2.2.2-1: Registration procedure

From the above analysis, when the Nx interface is not deployed, the IP address for the SR only UE will be changed if a different PGW-C/SMF is selected for the UE.

In order to keep the IP address preservation, the enhancement to EPC and 5GC is required.
For the 5G - > 4G mobility without Nx, first the MME shall get the SMF/P-GW address from HSS, and then MME shall corporate with S-GW and P-GW to re-establish the default bearer and dedicated bearer for the UE. It is a quite big impact on the EPC. Comparing with these impacts, Nx solution is much simple if the IP continuity is preferred. So here it does not propose these modifications to EPC side.
Proposal 2: For the 5G to 4G mobility. It suggests using the existing mechanism.

For the 4G to 5G mobility, re-using the above fig
Step 1-3: the UE send Registration Request to AMF which carry:  PDU session status, Registration mode (optional, null means SR only), 5G GUTI mapped from 4G GUTI;

Step 6-7: Because AMF cannot retrieve the UE context, so it requests IMSI from the UE.

Step 9: Performing security procedure.
Step 14: Performing updating location procedure in which the AMF can retrieve the subscription;

Step 22: The AMF send the Registration Accept message to the UE. In this message, the AMF can include the PDU session status to indicate the UE reactivate the PDU session. 
When the UE receives the Registration Accept with PDU session status, it can re-establish the PDU sessions. There are two options for the UE to reactivate the PDU session:
Option A: The UE sends the PDU session establishment request with the request type setting to “initial request”. In this option, the UE IP address will be changed.
Option B: The UE sends the PDU session establishment request with request type setting to “Existing PDU session”, the AMF selects the SMF/PGW-C based on the subscription (SMC/PGW-C address and APN pair) and DNN the UE provides. In this option, the UE IP address can be maintained.
Proposal 3: For the 4G to 5G mobility, it is suggested UE reactivates the PDU session with request type setting to “Existing PDU session” after it receives the response from AMF if IP continuity is required.
Proposal

It is proposed to adopt the following in TS 23.501.
*************** Start of changes *********************
5.17.2
Interworking with EPC

5.17.2.1
General
In order to interwork with EPC, the UE that supports both 5GC and EPC NAS can operate in single-registration mode or dual-registration mode:

-
In single-registration mode, UE has only one active MM state (either RM state in 5GC or EMM state in EPC) and it is either in 5GC NAS mode or in EPC NAS mode (when connected to 5GC or EPC, respectively). Similarly, the network maintains one state either in the AMF or in the MME. UE maintains a single coordinated registration for 5GC and EPC.
-
In dual-registration mode, UE can handle independent registrations for 5GC and EPC. In this mode, the UE may be registered to 5GC only, EPC only, or to both 5GC and EPC.

Editor's note: It is FFS which mode is mandatory for the UE and the network, and how to converge on one mode.

The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS. If the network supports interworking with EPC, the network supports inter-system mobility procedures for single-registration mode or dual-registration mode.
If UE also supports dual-registration mode, the UE during initial 5GC registration procedures provides its support dual-registration mode to the network. The network selects one of the two modes, based on UE capabilities, network capabilities and operator policies, and provides the selected mode to the UE in the registration response message. This mode is valid in the UE's 5GC registration area and maybe updated by the network during subsequent registration procedure.

Editor's note: It is FFS if such an indication is also needed in EPC/E-UTRAN.
5.17.2.2
Mobility in single-registration mode

Single-registration mode requires support for Nx interface between AMF in 5GC and MME in EPC to enable seamless session continuity (e.g. for voice services) for inter-system change.

When single-registration mode is supported with Nx:
-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC. For connected-mode mobility from 5GC to EPC, inter-system handover is performed.

-
For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI and the AMF and SMF retrieve the UE's MM and SM context from EPC. For connected-mode mobility from EPC to 5GC, inter-system handover is performed.
When single-registration mode is supported without Nx:
-
For connected-mode mobility from EPC to 5GC, RRC release with redirection is performed. For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with 5G-GUTI mapped from 4G-GUTI. The UE re-establishes new PDU session or re-activates the PDU session according to registration accept from AMF.
NOTE:
With Single Registration mode, when there is no support for Nx, IP address change is expected upon mobility to EPS.

5.17.2.3
Mobility in dual-registration mode

To support mobility in dual-registration mode, the support of Nx interface between AMF in 5GC and MME in EPC is not required.

Editor's note: It is FFS if dual-registration mode can be used for IMS voice.
During inter-system mobility from 5GC to EPC, the UE performs Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401, clause 5.3.2.1) and it subsequently moves all its other PDU session using the UE initiated PDN connection establishment procedure with "handover" flag (TS 23.401 clause 5.10.2). The UE does not continue to perform registrations in 5GC and remains registered without PDU sessions in 5GC till its registrations in 5GC times out and the network performs implicit detach.
During inter-system mobility from EPC to 5GC, the UE performs Registration in 5GC and it subsequently moves all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "handover" flag (TS 23.502 [3], clause 4.3.2.2.1). The UE does not continue to perform TAU in EPC and remains attached without PDN connections in EPC till the network performs implicit detach. If the UE does not support attach without PDN connections in EPC, the UE is detached in EPC when the last PDN Connection is moved to 5GC

Editor's note: Support of "handover" flag in TS 23.502 [3] is not yet defined.
*************** End of changes *********************
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