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Abstract of the contribution: This pCR proposes to clarify the concept of Dual Registration from the CN viewpoint in presence of single registration UEs. This concept is applied between E-UTRAN and UTRAN even for UEs that are not ISR capable. It saves signalling to the HSS/UDM when a UE ping-pongs between a 4G cell and a 5G cell, which may happen frequently in certain radio conditions. 
Discussion
In EPS, ISR and HSS/CN Dual Registration are two different concepts:

· ISR concept, which is intended to reduce the registration signalling on the radio path. 

· HSS/CN Dual Registration applies for all UEs: the principle is that 
· the HSS stores the addresses of the last serving nodes of the two RATs (i.e. address of the last Serving MME and the address of the last serving SGSN),  
· during TA Update and RA Update procedures, the HSS does not send Cancel Location to the other type serving node, and

· the last serving MME and the last serving SGSN maintain the UE context when the UE moves between UTRAN and E-UTRAN.

This allows to avoid the involvement of the HSS in registrations when the UE moves frequently between E-UTRAN and UTRAN/GERAN cells, which may happen frequently in certain radio conditions. 
ISR concept requires the HSS/CN Dual Registration, but the opposite is not true: HSS/CN Dual Registration allows avoiding exchanges with the HSS without ISR. 
This can be found in TS 23.401 in following clauses:

Clause 5.3.3.1 and 5.3.3.2 Tracking Area Update:

· steps 12 (clause 5.3.3.1) and 14 (clause 5.3.3.2): " 12. The new MME verifies whether it holds subscription data for the UE identified by the GUTI, the additional GUTI or by the IMSI received with the context data from the old CN node.

If there are no subscription data in the new MME for this UE, or for some network sharing scenario (e.g. GWCN) if the PLMN-ID of the TAI supplied by the eNodeB is different from that of the GUTI in the UE's context, then the new MME sends an Update Location Request (MME Identity, IMSI, ULR-Flags, MME Capabilities, Homogeneous Support of IMS Voice over PS Sessions, UE SRVCC capability, equivalent PLMN list, ME Identity (IMEISV)) message to the HSS. ULR-Flags indicates that update location is sent from an MME and the MME registration shall be updated in HSS. The HSS does not cancel any SGSN registration."

· Steps 16 (clause 5.3.3.2): "When receiving a Cancel Location message and the timer started in step 4 is not running, the old MME removes the MM and bearer contexts. Otherwise, the contexts are removed when the timer expires."
Clause 5.3.3.3 Routing Area Update:

· Step 13: the HSS sends a cancel location to the old SGSN, but not to the old MME (the "other-type" serving node) even if the latter is not explicit. 
Clause D.3.5 (Routing Area Update) step 7: 
NOTE 10:
This step is unmodified compared to pre-Rel-8. Clarification about update type added to show that this is the trigger for the HSS to cancel only an old SGSN and not also an old MME.

Conclusion: Because the UE may frequently move between NR and E-UTRAN cells in certain radio conditions, it is proposed to use the same mechanisms, i.e. 

· in the AMF (indicating that the update location comes from an AMF) and 

· in the UDM (not sending Cancel Location to the "other type" serving node. 
Please note that there is no impact to legacy MMEs.
Proposal

It is proposed to update TS 23.501 as follows.

FIRST CHANGE
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). 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.

The support of single registration mode is mandatory for UEs that support both 5GC and EPC NAS.

However, independently from whether the UE operates in single-registration or dual-registration mode: 
· When the UE performs a Registration Update to 5GC, 
· the AMF shall, when performing a Registration/Subcription Retrieval towards the UDM, indicate that it is a registration update and that it is for an AMF;
· when the HSS/UDM receives the Registration/Subcription Retrieval for a registration update from an AMF, the UDM shall send a Cancel Location (Nudm_UEContextManagement_DeregistrationNotification) to the old AMF, but not to the old MME (i.e. the "other-type" serving node).
· When the UE performs a Registration Update to 5GC,
· when the HSS/UDM receives a Location Update with type "modification" Registration/Subcription Retrieval from an MME, the UDM shall send a Cancel Location to the old MME, but not to the old AMF (i.e. the "other-type" serving node).
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 [26].

During registration to 5GC, UE supporting both 5GC and EPC NAS shall indicate its support of EPC NAS.

NOTE:
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 NAS 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.
In entire clause 5.17.2 the terms "initial attach", "handover attach" and "TAU" for the UE procedures in EPC can alternatively be combined EPS/IMSI Attach and combined TA/LA depending on the UE configuration defined  in TS 23.221 [23].
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.

NOTE:
When applying the AMF planned removal procedure or the procedure to handle AMF failures (see clause 5.21.2) implementations are expected to update the DNS configuration to enable MMEs to discover alternative AMFs if the MME tries to retrieve a UE context from an AMF that has been taken out of service or has failed. This addresses the scenario of UEs performing 5GC to EPC Idle mode mobility and presenting a mapped GUTI pointing to an AMF that has been taken out of service or has failed.
5.17.2.2.2
Mobility for UEs in single-registration mode

When the UE supports single-registration mode and network supports interworking procedure with the N26 interface:

-
For idle-mode mobility from 5GC to EPC, the UE performs TAU procedure with EPS GUTI mapped from 5G-GUTI sent as old Native GUTI. The MME retrieves the UE's MM and SM context from 5GC if the UE has a PDU session established or if the UE or the EPC support "attach without PDN connectivity". The UE performs an attach procedure if the UE is registered without PDU session in 5GC and the UE or the EPC does not support attach without PDN connectivity. For connected-mode mobility from 5GC to EPC, inter-system handover is performed. During the Attach procedure the HSS+UDM cancels any AMF registration. When the UE performs Registration Update towards a new MME (i.e. MME change), the MME sends a Location Update Request as specified in TS 23.401 [2]. When the HSS/UDM determines that the Location Update is from an MME, it does not cancel any AMF registration.
-
For idle-mode mobility from EPC to 5GC, the UE performs registration procedure with the EPS GUTI sent as the old GUTI. 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. During the Initial Registration procedure, the HSS+UDM cancels any MME registration. When the UE performs Registration Update in 5GC, the AMF does not include "initial attach" indicator to the HSS/UDM. This results in HSS/UDM not cancelling any MME registration.
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 operate in dual-registration mode may use this indication to decide whether to register early in the target system. UEs that operate in single-registration mode may use this indication as described in clause 5.17.2.3.2.
NOTE:
If the network needs to remove the indication (e.g. due to UE entering an area where procedures for interworking with the N26 interface are supported) the network can deregister the UE with an indication to re-register, and upon re-registration the network does not provide the indication that dual registration mode is supported.
Interworking procedures without N26 interface use the following two features:

1.
When PDU session are created in 5GC, the PGW-C+SMF updates its information along with DNN in the HSS+UDM.

2.
The HSS+UDM provides the information about dynamically allocated PGW-C+SMF and APN/DNN information to the target CN network.
Like in the case of network supporting N26, independently from whether the UE operates in single-registration or dual-registration mode, the following are supported by the network:
3.
When the UE performs Registration Update towards a new MME (i.e. MME change), the MME sends a Location Update Request as specified in TS 23.401 [2]. When the HSS/UDM determines that the Location Update is from an MME, it does not cancel any AMF registration.
4.
When the UE performs Registration Update in 5GC, the AMF does not include "initial attach" indicator to the HSS/UDM. This results in HSS/UDM not cancelling any MME registration.

To support mobility for dual-registration mode UEs, the following also is supported by the network:



5.
When PDN connections are created in EPC, the MME provides the PGW-C+SMF and APN information to the HSS+UDM, which shall store it.

To provide IP address preservation to UEs operating in single-registration mode when the UE moves from 5GC to EPC, the network supports item 5.
NOTE 1:
Item 5 is 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 item 5 and the following below:

6.
When UE performs mobility Registration in 5GC and provides an EPS GUTI, the AMF determines that the old serving node is a MME and proceeds with the procedure and provides a "Handover PDU Session Setup with EPC Supported" indication to the UE in the Registration Accept message.

Networks that support 5GS-EPS interworking procedures without N26 interface 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.
When an AMF in such a network receives a request to allocate an EBI(s) for a QoS flow(s) from a PGW-C+SMF, it may not provide the EBI(s).
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.
NOTE 3:
MMEs not supporting interworking without N26 interface are not required to process an indication from the UE that the old node was an AMF.

A UE that operates in dual registration mode ignores any received mapped target system parameters (e.g. QoS parameters, bearer IDs/QFI, PDU session ID, etc.).
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 that has received the network indication that dual registration mode is supported may either:

-
perform Attach in EPC with Request type "Handover" in PDN CONNECTIVITY Request message (TS 23.401 [26], clause 5.3.2.1) and subsequently moves all its other PDU session using the UE requested PDN connectivity establishment procedure with Request Type "handover" flag (TS 23.401 [26] clause 5.10.2), or.
-
perform TAU with 4G-GUTI mapped from 5G-GUTI (TS 23.401 [26], clause 5.3.3), in which case the MME instructs the UE to re-attach. IP address preservation is not provided in this case.

NOTE 1:
The first PDN connection may be established during the E-UTRAN Initial Attach procedure (see TS 23.401 [26]).
NOTE 2:
At inter-PLMN mobility the UE always uses the TAU procedure.
-
For mobility from EPC to 5GC, the UE performs Registration of type "mobility registration update" in 5GC with 5G-GUTI mapped from EPS GUTI. The AMF determines that old serving 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 may subsequently either:
-
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), or
-
re-establish PDU sessions corresponding to the PDN connections that it had in EPS. IP address preservation is not provided in this case.
5.17.2.3.3
Mobility for UEs in dual-registration mode

To support mobility of UEs 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.

For UE operating in dual-registration mode the following principles apply for PDU session transfer from 5GC to EPC:

-
UE operating in Dual Registration mode may register in EPC ahead of any PDU session transfer using the Attach procedure without establishing a PDN Connection in EPC if the EPC supports EPS Attach without PDN Connectivity as defined in TS 23.401 [26]. Support for EPS Attach without PDN Connectivity is mandatory for UE supporting dual-registration procedures.

NOTE 1:
Before attempting early registration in EPC the UE needs to check whether EPC supports EPS Attach without PDN Connectivity by reading the related SIB in the target cell.

-
UE performs PDU session transfer from 5GC to EPC using the UE initiated PDN connection establishment procedure with "handover" indication in the PDN Connection Request message (TS 23.401 [26], clause 5.10.2).

-
If the UE has not registered with EPC ahead of the PDU session transfer, the UE can perform Attach in EPC with "handover" indication in the PDN Connection Request message (TS 23.401 [26], clause 5.3.2.1).

-
UE may selectively transfer certain PDU sessions to EPC, while keeping other PDU Sessions in 5GC.

-
UE may maintain the registration up to date in both 5GC and EPC by re-registering periodically in both systems. If the registration in either 5GC or EPC times out (e.g. upon mobile reachable timer expiry), the corresponding network starts an implicit detach timer.

NOTE 2:
Whether UE transfers some or all PDU sessions on the EPC side and whether it maintains the registration up to date in both EPC and 5GC can depend on UE capabilities that are implementation dependent. The information for determining which PDU sessions are transferred on EPC side and the triggers can be pre-configured in the UE and are not specified in this release of the specification.
For UE operating in dual-registration mode the following principles apply for PDN connection transfer from EPC to 5GC:

-
UE operating in Dual Registration mode may register in 5GC ahead of any PDN connection transfer using the Registration procedure without establishing a PDU session in 5GC (TS 23.502 [3], clause 4.2.2.2.2).

-
UE performs PDN connection transfer from EPC to 5GC using the UE initiated PDU session establishment procedure with "Existing PDU Session" indication (TS 23.502 [3], clause 4.3.2.2.1).

-
If the UE has not registered with 5GC ahead of the PDN connection transfer, the UE can perform Registration in 5GC with "Existing PDU Session" indication in the PDU Session Request message.

Editor's note:
Support of Registration combined with PDU Session Request in TS 23.502 [3] is not yet defined.

-
UE may selectively transfer certain PDN connections to 5GC, while keeping other PDN Connections in EPC.

-
UE may maintain the registration up to date in both EPC and 5GC by re-registering periodically in both systems. If the registration in either EPC or 5GC times out (e.g. upon mobile reachable timer expiry), the corresponding network starts an implicit detach timer.

NOTE 3:
Whether UE transfers some or all PDN connections on the 5GC side and whether it maintains the registration up to date in both 5GC and EPC can depend on UE capabilities that are implementation dependent. The information for determining which PDN connections are transferred on 5GC side and the triggers can be pre-configured in the UE and are not specified in this release of the specification.

NOTE 4:
If EPC does not support EPS Attach without PDN Connectivity the MME detaches the UE when the last PDN connection is released by the PGW as described in TS 23.401 [26] clause 5.4.4.1 (in relation to transfer of the last PDN connection to non-3GPP access).
-
When sending a control plane request for MT services (e.g. MT SMS) the network routes it via either the EPC or the 5GC. In absence of UE response, the network should attempt routing the control plane request via the other system.
NOTE 5:
The choice of the system through which the network attempts to deliver the control plane request first is left to network configuration.
END OF CHANGES
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