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Abstract of the contribution: This contribution discusses that not all the PDU session supports interworking and in such case what is the UE behaviors when it moves 5GS to EPS.
Discussion

In #122 meeting, a note is captured in the TS 23.502 that only SSC mode 1 supports interworking with IP address preservation:

NOTE:
Interworking between EPS and 5GS is supported with IP address preservation by assuming SSC mode 1 in this release of the specification. 

However, the following issues are not clear:
Issue 1: In the 5GS, any PDU sessions with SSC mode 1 must support interworking?
The interworking requires collocated SMF/PGW-C. It’s not a reasonable restriction if all the SMF and UPF supporting SSC1 has to be a collocated SMF/PGW-C. For example:

· Some UPF and possibly SMF are deployed to serve only certain area, e.g. LADN.

· For some PDU session, the DNN is used in 5GS, without any corresponding APN in EPS, e.g. the DNN for industry service.
· For some PDU session, it is slice specific, without any corresponding service in EPS. 

Proposal 1: PDU sessions with SSC mode 1 shall not mandate to support inter system interworking.
Issue 2: What’s the UE behavior, if UE has both PDU session supporting interworking and PDU session not supporting interworking? 
Case 1: Single registration, with N26 interface
 The UE can perform TAU procedure successfully.

Case 2: Single registration, without N26 interface
 In this case, the UE cannot be aware of which PDU session support interworking, as described in clause 5.17.2.3.1 of TS 23.501:

     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.
Since the UE is not aware of which PDU session support interworking, the UE may not provide APN or randomly select a specific APN from the existing PDU session to perform attach with “handover request”.  It is possible that the PDU session corresponding to the default APN or the specific APN doesn’t support interworking, the MME then rejects attach request as described in clause 6.5.1. 6 of TS 24.301:
b) UE initiated PDN connectivity request with request type "handover" for a PDN connection that does not exist:

If the network receives a PDN CONNECTIVITY REQUEST message for either a default APN or a specific APN with request type set to "handover" and the MME does not have any information about that PDN connection, then MME shall reject the PDN connectivity request procedure including the ESM cause #54 "PDN connection does not exist", in the PDN CONNECTIVITY REJECT message.
Consequently the UE performs an initial attach, as defined in clause 6.5.1. 4.3 of  TS 24.301:
If the ESM cause value is #54 "PDN connection does not exist", the UE shall ignore the Back-off timer value IE and Re-attempt indicator IE provided by the network, if any, and take different actions as follows:

-
 if the PDN CONNECTIVITY REQUEST message was sent standalone, the UE shall set the request type to "initial request" in the subsequent PDN CONNECTIVITY REQUEST message to establish a PDN connectivity to the same APN;

- if the PDN CONNECTIVITY REQUEST message was sent together with an ATTACH REQUEST message, the UE shall set the request type to "initial request" in the PDN CONNECTIVITY REQUEST message which is included in the subsequent ATTACH REQUEST message to establish a PDN connectivity to the same APN.
In practice, when UE performs an initial attach after rejected, it means the UE deletes all EPS MM and SM contexts stored in the UE. Especially for the single-registration UE, since the UE maintains only one set of context, all the PDU session information is removed. In the case, IP continuity can’t be supported.
Case 3: Dual registration, without N26 interface.

It is the same issue as discussed in case 2, the handover attach will failed if the UE provides an APN corresponding to a PDU session that doesn’t support interworking. 

In addition, when the UE is in CM-Connected state in 5GS, the handover attach failure will bring high latency. As described in PCR S2-173037 of SA2#121, the handover attach failure will cause 600ms and UE initial attach procedure will cause additional 600ms, so the interruption time is 1.2s in total. The delay is too high to be accepted, especially for IMS voice.
For the other PDU sessions, the UE cannot be aware of which PDU session support interworking, so the UE has to try and get accepted/rejected one by one by sending the PDN Connectivity Request with handover indication. This unnecessary try and failure cost the signaling for both UE and network.
So it is proposed to provide the right APN during the handover attach procedure and only perform PDN Connectivity Request with handover indication for PDU sessions supporting interworking.
Proposal 2: The UE shall be able to determine whether the PDU sessions supporting interworking. The UE provides APN corresponds to the PDU session supporting interworking when it moves the PDU session from 5GS to EPS.
Issue 3: What’s the UE behavior, if UE has no PDU session supporting interworking? 
Case 1: Single registration, with N26 interface
As described in clause 5.17.2.2.2 of TS 23.501, the UE performs TAU procedure when it moves to EPS in idle state. But the TAU will be rejected because the MME cannot get any PDN Connection context from AMF, mapped from PDU sessions supporting interworking.

So it is better to perform the initial attach directly. It is the same case with the UE registered without PDU session as described in TS 23.501 clause 5.17.2.2.1.

     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. 
Case 2: Single registration, without N26 interface
      As described in TS 23.501 clause 5.17.2.3.2, the UE will perform handover attach procedure when it moves to EPS in idle state. But the handover attach procedure will be failed as discussed above. So the UE has to perform initial attach again. This result in an unnecessary attach failure. 

So it is proposed to perform the initial attach directly.

Case 3: Dual registration, without N26 interface.

It is the same as case 2, the handover attach will be rejected and UE has to perform the initial attach again. 


Again, these results in an unnecessary attach failure. So it is proposed to perform the initial attach directly.

Proposal 3:  UE performs initial attach directly when it determines no PDU session supporting interworking.
Issue 4: How the UE determines whether a PDU session supporting interworking？
Case 1: Single registration, with N26 interface

As described in clause 4.11.1.1 of TS 23.502, the UE will receive the EBI and mapped QoS parameters during the PDU session establishment. So the UE can determine the PDU session supporting interworking. Otherwise, the PDU session does not support interworking.
                   UE has one or more ongoing PDU sessions each including one or more QoS flows. During PDU session establishment and GBR QoS flow establishment, EPS QoS mappings and EPS Bearer IDs are allocated such that non-GBR flows map to default EPS bearer (which is allocated an EPS bearer ID) and EPS Bearer IDs are allocated for the GBR flows that are mapped to dedicated bearers in EPC. The EPS Bearer Id and mapped QoS parameters for these bearer is also provided to the UE and PGW-C+SMF. The mapped EPS QoS parameters may be provided to PGW-C+SMF by the PCF+PCRF, if PCC is deployed.
 Case 2: Single registration, without N26 interface

           As described in TS 23.501 clause 5.17.2.3.1, the UE will not receive the EBI and mapped QoS parameters during the PDU session establishment. So the UE cannot determine whether the PDU session supporting interworking currently. 

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.

          In this case, the UE has no way to determine whether the PDU session support interworking or not. Consequently, it is proposed that the PGW-C+SMF provides an additional interworking supported indication to UE, so that the UE can determines whether the PDU session support interworking.
Case 3: Dual registration, without N26 interface
        The UE cannot determine whether the PDU session supporting interworking currently. It is the same as discussed in case 2.

        It is also proposed that the PGW-C+SMF provides an additional interworking supported indication to UE for the PDU session supporting interworking.
Proposal 4: 
When N26 is used, the UE determines whether the PDU session supports interworking by whether receives the EBI and EPS QoS parameters.
When N26 is not used, it’s proposed to add an indication per PDU session from PGW-C+SMF, so that the UE determines whether the PDU session support interworking .
2
 Proposal

It is proposed to adopt the following in TS 23.501. 

* * * * Begin 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.

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.
The network provides information for the UE to determine whether a PDU session supports interworking:  
-
When N26 interface is used, only for PDU session that supports interworking, the EPS QoS mappings and EPS Bearer IDs are allocated and provided to the UE during PDU session establishment and GBR QoS flow establishment procedure (TS 23.502 [3], clause 4.11.1.1).
-
When N26 interface is not used, only for PDU session that supports interworking, interworking supported indication is provided to the UE during PDU session establishment procedure.
When a PDU session is moved from 5GC to EPC, the UE only provides the “handover” indication when it determines the PDU session supports interworking. In addition, the APN is set according to the corresponding DNN of the PDU session, if the DNN is not the default one.
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.
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 4G-GUTI mapped from 5G-GUTI and the MME retrieves the UE's MM and SM context from 5GC if the UE has at least one PDU session supporting interworking, or if both the UE and the EPC support "attach without PDN connectivity". 
-
The UE performs an initial attach procedure if the UE is registered without PDU session in 5GC or the UE has no PDU session supporting interworking, and either 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 if the UE has at least a PDU session supporting interworking.
-
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.

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 sessions 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, if the UE has at least a PDU session supporting interworking, 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 may select an PDU session that supports interworking and perform 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 that supports interworking using the UE initiated PDN connection establishment procedure with "handover" indication (TS 23.401 [26] clause 5.10.2), if any. If the UE doesn’t have any PDU session supporting interworking or the UE has no PDU session in 5GC,  the UE performs an initial attach procedure.
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.

-
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 may 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 N26 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.

-
For PDU session supporting interworking, the 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 and it has at least a PDU session supporting interworking, 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). If the UE doesn’t have any PDU session supporting interworking or the UE has no PDU session, the UE performs initial attach procedure.
-
UE may selectively transfer certain PDU sessions supporting interworking 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.
* * * * End First Change * * * *
