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Abstract of the contribution: This discussion paper is about analysing when combo SMF Registration happens considering 5GS<->EPS Interworking. This is a revised version of the discussion paper (S2-182037) submitted to SA2#126.
1
Problem Statement
According to TS 23.501, in order to support EPS interworking, combo P-GW-C/SMF must be deployed. When the UE registers in the EPS side, UE provides 5GC NAS capability to allow MME to select SMF/P-GW-C. 
For a PDN connection that is transferred to 5GS as PDU Session with session continuity, when is the registration of SMF expected to happen?
1) It is expected to happen after the UE moves to 5GS (or)

2) It is expected to happen when the combo SMF is selected for a PDN connection that is established in EPS for UE(s) that support both EPC and 5GC NAS and the PDN connection is subject to 5GS interworking with IP address preservation.
2
Analysis of the possible solution options
2.1
Option 1 – Combo SMF Registration in the UDM after moving to 5GS:
With this option, SMF is expected to perform registration with the UDM using Nudm services/service operations when UE is handed over from EPS to 5GS either during connected mode or during idle mode. This implies that the call flows in section 4.11.1.2.2.2 (EPS->5GS HO) for connected mode, section 4.11.1.3.3 (EPS -> 5GS Mobility) for idle mode have to be updated.
SMF Deregistration from UDM: When the UE moves back from 5GS to EPS, it is not expected that the SMF+P-GW-C deregisters from the UDM to avoid additional signalling over N10 due to ping-pong between E-UTRAN and NR. Instead, it is expected that the SMF+P-GW-C is deregistered only when the PDU Session and/or PDN connection is completely released either when the UE is 5GS or EPS side.
Technical impacts and considerations:
1) When the UE moves from EPS to 5GS, SMF+P-GW-C needs to register with the UDM for every PDU Session (the first time the PDN connection is moved from EPS to 5GS). 
2) No additional nodes and/or signalling interfaces impacted beyond P-GW-C+SMF registration in the UDM after the UE moves to 5GS.

3) No additional parameters expected to be supported over Nsmf, Nudm

4) With regards to UE’s 5G subscription checking, here is how it is expected to happen:

a. Operator configures whether PDN connection is subject to service continuity with 5GS on a per APN basis.
b. UE indicates PDU Session ID in the PCO and P-GW/SMF can interact with PCF to obtain/provide 5G QoS parameters based on UE’s capability. 

c. On a per UE/DNN basis, 5GS subscription can be checked when the UE moves to 5GS (by the AMF/SMF). 

Pros:
1) Significantly less technical impact compared to option 2. Little or no impact to legacy system

Cons:
1) It is not possible for SMF+P-GW to obtain SM subscription when the UE performs PDN connection establishment in EPS. While MME can obtain UE’s 4G subscription and P-GW-C+SMF can be configured with operator policy regarding service continuity for a given PDN connection (e.g. on a per APN, PLMN basis), it is not so easy for the P-GW-C+SMF to obtain SM related subscription parameters for UE(s) that support 5GC NAS. 

This con can be addressed by the P-GW-C+SMF registering with the UDM post 5GS interworking and 5GS performing UE’s subscription check. Here is how we expect this to be overcome:
2.2
Option 2 – Combo SMF Registration in the UDM at the time of EPS PDN connection establishment:

With this option, SMF is expected to perform registration with the UDM using Nudm services/service operations when the combo SMF/P-GW-C is selected for UE establishing PDN connection in EPS and the following conditions are true:

1) UE supports EPC and 5GC NAS,

2) Combo SMF/P-GW-C is selected

3) PDN connection is subject to 5GS interworking for which IP address preservation is supported

SMF Deregistration from UDM: When the UE moves back from 5GS to EPS, it is not expected that the SMF+P-GW-C deregisters from the UDM to avoid additional signalling over N10 due to ping-pong between E-UTRAN and NR. Instead, it is expected that the SMF+P-GW-C is deregistered only when the PDU Session and/or PDN connection is completely released either when the UE is 5GS or EPS side.
Technical considerations:

4) Non-3GPP Access: 
a. It is not expected that the P-GW-C+SMF invoke S6b towards the EPC AAA server. In a pure EPC scenario, S6b is mainly useful however it is not needed when the P-GW-C+SMF registers with UDM for retrieving subscription. This is due to the following technical reasons:
i. Registration towards EPC AAA server was needed for PMIP case. This for the PGW to get APN and PGW Data, the static QoS profile and tracing requirements. If the P-GW-C+SMF register with UDM directly, such information is retrieved by the combo SMF & PGW directly from UDM via Nudm_SDM_Get

ii. Registration towards EPC AAA server was needed to update the PDN GW information for the APN for the UE on the HSS. If the P-GW-C+SMF register with UDM directly, this is done by the P-GW-C+SMF using the Nudm_UECM_Registration service operation

iii. Registration towards EPC AAA server was needed to check that a AAA server context exists for the UE: this check was mainly useful in a DSMIP context where the PGW could be contacted from the Internet. As DSMIP is not supported in 5GC, this is no more needed no need for further recheck that authentication has already taken place
b. Registration towards EPC AAA server was needed to support specific HSS-initiated scenarios, e.g. P-CSCF restoration or to force the deregistration of a subscriber. If the P-GW-C+SMF register with UDM directly, this is done by the P-GW-C+SMF using UDM service operations.The check of APN/DNN subscription is enforced based on P-GW-C+SMF retrieval of subscription data from UDM. Any signalling to PGW that was HSS/AAA initiated (e.g. for P-CSCF restoration) is carried out directly by UDM signalling towards P-GW-C+SMF.
Technical impacts:
1) 3GPP access: When the UE establishes PDN connection in EPS side (either as part of Attach or as part of Standalone UE requested PDN connectivity), it is expected that the P-GW-C+SMF registers with the UDM. This implies that there is impact to the procedures in Section 5.3.2.1 (PDN connection established as part of Attach Procedure) and Section 5.10.2 (Standalone UE requested PDN connectivity) of TS 23.401 when such a combo node is selected. To avoid that the P-GW-C+SMF does this on a trial and error basis, following sequence of transactions are expected:

a. MME receives an indication from HSS that the UE is subscribed for 5GS and/or hint that UDM is supported in the HPLMN (i.e. HPLMN supports 5GS based deployment).

b. MME considers UE capability, subscription and provides an indicator over S11 to the S-GW.

c. S-GW forwards the indication over S5/S8 towards P-GW-C+SMF. This can be used by the P-GW-C+SMF to determine that it needs to register with the UDM for the given UE. 
2) Non-3GPP access: In addition, this also has impacts EPC procedures for non-3GPP accesses (PGW registration to HSS via 3GPP AAA Server via SWx and S6b procedures), if the combo PGW/SMF registering to the UDM (during the PDN context setup in EPC) replace the existing PGW registration to the HSS by the 3GPP AAA Server.

a. Note that the SWx (and SWm) procedures for authenticating the user and getting/updating subscription data would still be required; also the AAA would still need to know when a PDN connection is torn down to be able to decide whether to deregister the user from the HSS when it has no more PDN connection. This has impacts on some system procedures using the HSS to PGW communication via SWx/S6b (e.g. P-CSCF restoration), where these procedures would now use UDM to PGW/SMF communication.
3) P-GW-C+SMF is expected to know the S-NSSAI thus this can be used for registration with UDM on a per DNN + S-NSSAI basis. This is already needed based on the following requirement agreed during last SA2:
· “During PDN connection establishment in the EPC, the UE allocates the PDU Session ID and sends it to the PGW-C+SMF via PCO. An S-NSSAI associated with the PDN connection is determined based on the operator policy by the PGW-C+SMF, e.g. based on a combination of PGW-C+SMF address and APN, and is sent to the UE in PCO together with a PLMN ID that the S-NSSAI relates to.”
4) If P-GW-C+SMF register with the UDM for EPC PDN connection, we need to support legacy parameters in SMF registration procedure to UDM (e.g. GERAN and UTRAN RAT types, etc). It should however be noted that Similar consideration / impact applies also for support of N7 interface from P-GW-C+SMF towards PCRF+PCF.

5) Additional nodes and/or signalling interfaces impacted beyond P-GW-C+SMF registration in the UDM:

a. Nodes impacted: HSS, MME, ePDG, S-GW
b. Reference points impacted: S6a, S11, S5/S8, SWx, S6b.
c. Additional parameters expected for Nsmf.
Pros:
1) It is possible for P-GW-C+SMF to obtain per UE level SM subscription information when the UE is establishing PDN connection in the EPS side.
Cons:

1) Significant impacts on the legacy nodes and signalling reference points. 
3
Summary and Proposed way forward
For the purpose of EPS interworking and support of IP address preservation and service continuity, it seems there is no dire need for P-GW-C+SMF to obtain SM subscription information from UDM when the UE establishes PDN connection in the EPS side. Thus, the drawback of option 1 is not seen as a show stopper at this point to support EPS interworking. Although the drawback of option 1 can be addressed by option 2, the technical impact due to option 2 seems to be quite significant especially for legacy system. Thus, the authors are leaning towards support for Option 1. 
It is proposed that SA2 discusses the above problem statement, two possible solution options, and concludes on the way forward. Since this has significant impact to Stage 3 work, it is proposed that SA2 endorses the agreed principle as a way forward during early part of SA2#127, considering Stage 3 tight deadline (June 2018). This will help CT4 progress stage 3 work during their April meeting. 
It is also proposed to agree to CRs based on the agreed principle in S2-18xxxx for SA2#127.
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