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Abstract of the contribution: Harmonizes the no-Nx network's interworking procedure for SR and DR UEs.
1. Introduction
Based on contribution S2-17xxx the following requirement and picture for interworking is a requirement
Figure 1. Need to provide IP address preservation to single registration UE in roaming scenario by network not supporting Nx interface.[image: ]

Analysis of the solution to provide IP address continuity to SR UEs (top right corner) by network that do not support Nx interface, shows that these networks need to support mechanisms for dual-registration UEs and then a few more.
In this contribution, we simplify the above figure to the following:
Figure 2. Network either supports interworking using Nx interface, or interworking without interface, irrespective of UE capability.[image: ]

The key simplifications are:
-	The network either supports interworking procedures with Nx interface or without Nx interface 
-	The network does not need to know if the UE is single-registration UE or dual-registration UE
-	The no-Nx procedures are independent of whether the UE supports DR or SR

2  	Discussion
2.1	Requirements for no Nx networks
In S2-174568, we have shown that a network that does not support Nx interface needs to support the following to support dual-registration UEs and provide IP address continuity to single-registration UEs:
EPC:
REQ-E1: MME does not send "initial-attach" indication in location area update to HSS when the UE performs EPC Attach and provides 4G GUTI mapped from 5G-GUTI
REQ-E2: MME stores PGW-C, APN in HSS+UDM whenever a PDN Connection is created.
REQ-E3: MME performs TAU reject with cause "HO Attach Supported" if UE performs TAU with mapped 4G-GUTI.
REQ-E4: HSS provides dynamic PGW-C+SMF, (mapped)APN information to MME in location update response.
5GC:
REQ-N1: AMF does not send "initial-attach" indication in location area update to HSS when the UE performs initial Registration and provides 5G GUTI mapped from 4G-GUTI 
REQ-N2: PGW-C+SMF stores PGW-C+SMF, DNN information in HSS whenever PDU Session is created.
REQ-N3: AMF performs Registration rejection with cause "HO Registration Supported" if UE performs mobility Registration with 5G-GUTI mapped from 4G-GUTI.
REQ-N4: HSS provides dynamic PGW-C+SMF, (mapped)DNN information to AMF in location update response.

REQ E1 and N1:
The reasons for this requirement have been argued for in contribution S2-173319 and is shown in the Annex below. The main reason is networks that do not support Nx interface, the UE needs to perform an initial Attach (initial Registration) in the target network (TAU or mobility registration is rejected, since MM context cannot be fetched from source network). However, during initial-registration the MME sends a flag "initial-registration" to the HSS causes the HSS to cancel the registration of AMF (feature that is currently specified for 2G/3G and LTE and will also continue to be used for EPC and 5GC). In the technically endorsed contribution on dual-registration, the solution proposed was that when the UE first registers in 5GC, the AMF provides an indication that the UE is dual-registration UE. Subsequently, when the UE performs initial attach in EPC and the MME sends "initial-attach" flag in location update request, the HSS based on the stored "dual-registration" indication will not send cancel location to the AMF. There are two issues with this solution:
-	This solution will only work if HSS supports dual-registration mobility, which is optional. In roaming with home routed scenario, the HSS will not support this. Hence, this solution only works for non-roaming scenarios.
In S2-174568, it was stated that the MME should not send "initial registration" flag to HSS for roaming scenario to provide IP address preservation to SR UEs.
Combining the two, the simplest solution, that works irrespective of whether the UE supports dual-registration or the UE is roamed-in single-registration UE, is for the MME to not send "initial attach" indication in location area update to HSS if there is no Nx.  
REQ E2 and N2:
As can be seen from above the requirements for EPC nodes and 5GC nodes are similar except for E2 and N2, where the MME stores the PGW-C, APN information in HSS+UDM whereas the PGW-C+SMF store this information in HSS. The reason for this difference is that in EPC, there is no interface from PGW-C to HSS, whereas in 5GC there is such an interface. We could say that PGW-C+SMF is a new node common to EPC and 5GC and hence we can create new behavior for EPC and have the PGW-C register itself with HSS+UDM during PDN Connection Establishment. However, storing the PGW-C,APN in HSS on PDN Connection establishment is not a procedure needed to be supported by networks that deploy Nx. Hence, in roaming with home-routed scenario where the PGW is in the HPLMN, MME will need to specifically send a new signal to the PGW, "Nx not supported" for the PGW-C+SMF to register itself in HSS. This will be an impact to MME, which is something that would be good to avoid when Nx is not supported.
REQ E3 and N3:
The motivation for these requirements are captured in S2-174568. This requirement set is needed to provide IP address preservation to single-registration UEs.
REQ E4 and N4:
Couple with requirement E2 and N2 are needed to provide IP address continuity for both dual-registration and single-registration UEs.
Proposal 1: The network procedures for no-Nx interworking and supports the above mentioned procedures (requirements in section 2.1). The network nodes, AMF and MME, are configured for supporting no-Nx interface. This is independent of whether Nx is deployed or not in the whole PLMN or part of PLMN.
2.2	Does the network need to know if UE operates in SR or DR mode?
No.
SR mode and DR mode are UE specific details. DR mode just enables the UE to early-register in target system if it also supports dual-radio capability. The network does not really need to know this.
Proposal 2: The UE does not need to signal support of SR or DR to the network. 
2.3 Does the UE need to know if the network supports no-Nx interworking procedure?
SR mode UE does not. DR mode UE may benefit from this information.
The DR UE in 5GC may benefit from knowing that the network supports no Nx procedure so that it can early-register. If such an indication is not available then UE cannot know if his pre-registration will be accepted. If the network does not support no-Nx interworking procedures, when the UE attempts to pre-registers in target network, the network will kill the UE's registration in the source network and hence remove its existing IP connections. This is not a desirable behavior for the UE.
Proposal 3: In 5GC, during initial Registration the network informs the UE if no-Nx interworking procedures are supported. This indication is valid PLMN wide.
2.4. Applicability of solution to scenario with "Nx holes"
In this scenario, when the UE does TAU, if the network also supports interworking procedures without Nx interface, it can provide TAU reject with the cause "HO Attach Supported" and the UE can perform handover attach and move over its sessions. This will only work if the network in addition to storing the PGW-C+SMF address in HSS also ensures that MME does not sent "initial attach" to the HSS in the Location Area Update.
Intel has previously proposed optimization in for connected mode mobility in networks with "Nx holes" to provide an indication in RRC Release for the UE of "handover attach supported" flag. This results in UE skipping the TAU request/reject signalling. For this to be successful, the network needs to support interworking procedure without Nx interface also (not sending "initial attach" to HSS). This is best handled in the EPC itself. The TAU request/reject does not add to delays in the target network. 
Proposal 4: The solution of TAU reject with "HO attach supported" can also be applicable to deployments with Nx holes. This can work for both idle-mode and connected-mode mobility. Further optimizations for connected-mode are not needed, as they do not offer much advantages.
4. Overall Proposals and Observations
Proposal 1: The network procedures for no-Nx interworking and supports the above mentioned procedures (requirements in section 2.1). The network nodes, AMF and MME, are configured for supporting no-Nx interface. This is independent of whether Nx is deployed or not in the whole PLMN or part of PLMN.
Proposal 2: The UE does not need to signal support of SR or DR to the network. 
Proposal 3: In 5GC, during initial Registration the network informs the UE if no-Nx interworking procedures are supported. This indication is valid PLMN wide.
Proposal 4: The solution of TAU reject with "HO attach supported" can also be applicable to deployments with Nx holes. This can work for both idle-mode and connected-mode mobility. Further optimizations for connected-mode are not needed, as they do not offer much advantages.

4.	Updates to 23.501
[bookmark: _Toc480388607] **************  START CHANGES **********************
[bookmark: _Toc483485739][bookmark: _Toc484011360]5.17.2	Interworking with EPC
[bookmark: _Toc483485740][bookmark: _Toc484011361]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.
During E-UTRAN Initial Attach, UE supporting both 5GC and EPC NAS shall indicate its support of 5G NAS in UE Network Capability described in clause 5.11.3 of TS 23.401. 
During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS. 
NOTE x: This indication may be used to give the priority towards selection of PGW-C + SMF for UEs that support both EPC and 5GC NAS.
Networks that support interworking with EPC, may support interworking procedures that use the N26 interface or interworking procedures that do not use the N26 interface. Interworking procedures with N26 support providing IP address continuity on inter-system mobility to UEs that support 5GC and EPC NAS. Networks that support interworking procedures without N26 shall support procedures to provide IP address continuity on inter-system mobility to UEs operating in both single-registration mode and dual-registration mode. 

5.17.2.2	Interworking Procedures with N26 interface
5.17.2.2.1	General
Interworking procedures using the N26 interface, enables the exchange of MM and SM states between the source and target network. Handover procedures are supported with the N26 interface. When interworking procedures with N26 is used, the UE operates in single-registration mode. The network keeps only one valid MM state for the UE, either in the AMF or MME.
The support for N26 interface between AMF in 5GC and MME in EPC is required to enable seamless session continuity (e.g. for voice services) for inter-system change.
[bookmark: _Toc483485741][bookmark: _Toc484011362]5.17.2.2.2	Mobility for UEs 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 the UE supports single-registration mode and network supports interworking procedure with the N26 is supportedinterface:
-	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.
NOTE:	With Single Registration mode, when there is no support for, 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.
[bookmark: _Toc483485742][bookmark: _Toc484011363]5.17.2.3	Interworking Procedures without N26 interface
5.17.2.3.1	General
For interworking without the N26 interface, IP address continuity is provided to the UEs on inter-system mobility by storing and fetching PGW-C+SMF and corresponding APN/DDN information via the HSS+UDM. Such networks also provide an indication that dual registration mode is supported to UEs during initial Registration in 5GC. This indication is valid for the entire PLMN. UEs that support dual-registration mode may use this indication to decide whether to register early in the target system.
To support mobility for dual-registration mode UEs, the following are the key highlights of interworking procedure without N26 interface that are supported by the network:
1.	When UE performs initial Attach in EPC and provides a 4G-GUTI mapped from 5G-GUTI, the MME does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of AMF, if any.
2.	When UE performs initial Registration in 5GC and provides 5G-GUTI mapped from 4G-GUTI, the AMF does not include "initial attach" indicator to the HSS+UDM. This results in HSS+UDM not cancelling the registration of MME, if any.
3.	When PDN connections are created in EPC, the MME stores the PGW-C and APN information in the HSS+UDM.
4.	When PDU session are created in 5GC, the PGW-C+SMF stores its information along with DDN in the HSS+UDM.
5.	The HSS+UDM provides the information about dynamically allocated PGW-C+SMF and APN/DNN information to the target CN network during location update procedure.
To provide IP address preservation to UEs operating in single-registration mode when the UE moves from 5GC to EPC, the network supports 1, 4, 5 and the following below:
6.	When UE performs TAU in EPC and provides a 4G-GUTI mapped from 5G-GUTI, the MME determines that the old node is AMF and rejects the procedure with a "Handover PDN Connection Setup Support" indication to the UE. 
NOTE-1: 	Items 4 and 5 are also supported in networks that support interworking with N26 procedures. This enables a VPLMN that does not deploy N26 interface to provide IP address continuity to roamed-in single-registration mode UEs from a HPLMN that only supports interworking with N26 procedures.
To provide IP address preservation to UEs operating in single-registration mode when the UE moves from EPC to 5GC, the network supports 2, 3, 5 and the following below:
7.	When UE performs mobility Registration in 5GC and provides a 5G-GUTI mapped 4G-GUTI, the AMF determines that the old node is MME and proceeds with the procedure and provides a "Handover PDU Session Setup Support" indication to the UE in the Registration Accept message. 
Networks that support 5GS-EPS interworking procedures without N26 do not need to provide the UEs with mapped target system parameters (e.g. QoS parameters, bearer IDs/QFI, PDU session ID, etc.) of the target system when UE is in the source network. 
NOTE-2: 	A UE in a VPLMN that supports interworking without N26 may be provided with mapped QoS parameters from PGW-C+SMF in HPLMN for home-routed PDN connection, if the HPLMN supports interworking procedures with N26 interface. 
5.17.2.3.2	Mobility for UEs in single-registration mode
When the UE supports single-registration mode and network supports interworking procedure without N26 interface:
-	For mobility from 5GC to EPC, the UE performs TAU procedure with 4G-GUTI mapped from 5G-GUTI. The MME determines that old node is an AMF, rejects the TAU with a "Handover PDN Connection Setup Support" indication to the UE. Based on this indication, the UE performs Attach in EPC with "handover" indication in PDN Connection Request message (TS 23.401[26], 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[26] clause 5.10.2).
Editor's Note: It is FFS if it is optional for UE in single-registration mode to perform the procedure mentioned in bullet above and what will be the impacts. 
NOTE: 	The first PDN connection may be established during with the E-UTRAN Initial Attach procedure (see TS 23.401[26]). 
Editor's Note: Additional optimization to enable UE to skip the TAU request/reject when UE is in connected mode in 5GC when mobility to EPC occurs is FFS.
[bookmark: _GoBack]-	For mobility from EPC to 5GC, the UE performs Registration of type "mobility registration update" in 5GC with 5G-GUTI mapped from 4G-GUTI. The AMF determines that old node is an MME, but proceeds as if the  Registration is of type "initial registration". The Registration accept includes "Handover PDU Session Setup Support" indication to the UE. Based on this indication, the UE subsequently move all its PDN connections from EPC using the UE initiated PDU session establishment procedure with "Existing PDU Sessions" flag (TS 23.502 [3], clause 4.3.2.2.1).
5.17.2.3.3	Mobility for UEs 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 CHANGES    **********************


ANNEX: Initial attach in EPC leads to AMF and SM Contexts in 5GC to be deleted.
[image: ]
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