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Abstract of the contribution: This paper investigates the different interworking scenarios for a UE with multiple PDU Sessions associated with the same DNN in different SMFs due to different slices, or different AMFs.
1 Introduction

In SA2#128bis, 23.501 CR0611 (S2-189026) [1] and 23.502 CR0714 (S2-188540) [2] are agreed although there is objection that the change is not needed at all for interworking with N26. 

Note: in this document, “FQDN of PGW” or “FQDN of PGW-C” is equivalent to “FQDN for the S5/S8 interface of the PGW-C+SMF” in TS 23.502.

2 Discussion
2.1 Multiple PDN Connections associated with the same APN in EPS  
Per TS 23.401 (see Annex for the excerpt), multiple PDN connections may happen in the following scenarios:
PDN connection establishment with Request Type “Initial request”, and

PDN connection establishment with Request Type “Handover”. In pre-Rel-15 releases, Request Type “Handover” is used at handover from Non-3GPP (i.e. WLAN) to EUTRAN.  
Per TS 23.502, clauses 4.11.2 (5GS to EPS Mobility without N26) and 4.11.3.2 (Handover from 5GC-N3IWF to EPS), multiple PDN connections may happen when
PDU Session via 3GPP access in 5GS is moved to EPS supporting interworking without N26, and/or
PDU Session via N3GPP in 5GS is moved to EPS. 
The above would mean multiple PDN connections associated with the same APN (transferred from the multiple PDU Session associated with the same DNN in 5GS) shall also use the same PGW-C+SMF
[Observation-1] Multiple PDN connections associated with the same APN shall be provided by the same PGW-C+SMF in any or any valid combination of the following scenarios:

PDN connection establishment with Request Type “Initial request”; and/or
PDN connection establishment with Request Type “Handover” (handover from EPC/WLAN, or from 5GC/3GPP supporting interworking without N26, or from 5GC/WLAN).
2.2 Scenarios of Multiple PDU Sessions towards the same DNN in different slices (thus different SMFs are used)
Per 23.501 and 23.502, a UE may establish multiple PDU Sessions towards the same DNN in different slices and therefore different SMFs are selected. The main scenarios are summarized in Table 1 taking the following into consideration (to simplify, 2 PDU Sessions are used as example in the table):

· PDU sessions over 3GPP supporting interworking with N26

· PDU sessions over 3GPP supporting interworking without N26

· PDU session over N3GPP supporting EPS interworking, in the same PLMN as 3GPP access or different PLMN from 3GPP access   

Table 1 Main Scenarios of Multiple PDU Sessions towards the same DNN in different slices (thus different SMFs are used)
	Scenarios
	3GPP access
	N3GPP
	Same AMF?
	SMF need to store PGW-C FQDN to UDM? 

	
	With N26
	Without N26
	Same PLMN as 3GPP
	Different PLMN from 3GPP
	
	

	Scenario-1
	2 Sessions
	
	
	
	Same AMF
	No

	Scenario-2
	
	2 Sessions
	
	
	Same AMF
	Yes

	Scenario-3
	1 Session
	
	1 Session
	
	Same AMF
	No, for 3GPP with N26

Yes, for N3GPP

	Scenario-4
	1 Session
	
	
	1 Session
	Different AMFs
	No, for 3GPP with N26

Yes, for N3GPP

	Scenario-5
	
	1 Session
	1 Session
	
	Same AMF
	Yes

	Scenario-6
	
	1 Session
	
	1 Session
	Different AMFs
	Yes

	Scenario-7
	
	
	2 Sessions
	
	Same AMF
	Yes

	Scenario-8 (valid?)
	
	
	1 Session
	1 Session
	Different AMFs
	Yes


2.3 In what scenarios that “FQDN of PGW-C” needs to be stored in UDM? 
2.3.1 If Interworking with N26 is supported
TS 23.502 v15.3.0 has the following:

5.2.7.3.2
Nnrf_NFDiscovery_Request service operation

…

Inputs, Optional:

-
FQDN for the S5/S8 interface of the PGW-C+SMF, to discover the N11/N16 interface of the PGW-C+SMF in case of EPS to 5GS mobility.

[Observation-2] At EPS to 5GS mobility, the AMF uses the FQDN of PGW (i.e. FQDN for the S5/S8 interface of the PGW-C+SMF) to discover the SMF, it means that the MME needs to send this information to the AMF, which also means, if the UE starts PDU Session in 5GS, the AMF shall pass the FQDN of PGW to the MME over N26.
[Conclusion-1] FQDN of PGW-C is transferred over N26, therefore there is no need to store FQDN of PGW-C in UDM if interworking with N26 is supported, neither by AMF nor by SMF, regardless of how many PDU Sessions associated with the same DNN are established.
TS 23.502 v15.3.0 states the following:

4.11.1.4.1 EPS bearer ID allocation

…

7
If the AMF successfully assigns EBI(s), it responds with the assigned EBI(s). Otherwise, it responds with a cause indicating EBI assignment failure.


If a PDU Session from another SMF already exists towards the same DNN, the AMF either rejects the EBI assignment request, or revokes the EBI(s) from the existing PDU Session(s) to the same DNN but different SMF. The AMF makes the decision based on the operator policy.


The AMF stores the DNN and PGW-C+SMF which performs EPS interworking to UDM in clause 4.11.1.6.

NOTE 2:
The above applies only when the S-NSSAI(s) for the PDU Sessions are different, otherwise the same SMF is selected for PDU Sessions to the same DNN.

[Observation-3] For scenario of multiple PDU Sessions via 3GPP supporting interworking with N26, when a UE establishes multiple PDU Sessions towards the same DNN in different SMFs, if the multiple PDU Sessions are handled by the same AMF, it’s the AMF that decides which SMFs’ PDU Sessions can be moved to EPS by means of EBI allocation or revocation. This also means that at 5GS to EPS mobility, the AMF will only move the PDU Session(s) from one of those SMFs to EPS.

[Conclusion-2] For scenario of multiple PDU Sessions via 3GPP supporting interworking with N26, when a UE establishes multiple PDU Sessions towards the same DNN in different SMFs, if the multiple PDU Sessions are handled by the same AMF, the AMF will only move PDU Session(s) from one of those SMFs to EPS. It’s unnecessary for the AMF to store FQDN of PGW to UDM during PDU Session setup.
[Proposal-1] It’s proposed to remove the change in 23.501 CR0611 [1] and 23.502 CR0714 [2] regarding the AMF storing FQDN of PGW to UDM for interworking with N26, as there is no need for such storage.
2.3.2 If Interworking without N26 is supported
TS 23.502 v15.3.0 has the following:

4.11.2
Interworking procedures without N26 interface

4.11.2.2
5GS to EPS Mobility

…

0.
UE is registered in 5GS and established PDU sessions. The FQDN for the S5/S8 interface of the PGW-C+SMF is also stored in the UDM by the PGW-C+SMF during PDU Session setup in addition to what is specified in clause 4.3.2.2.1 and clause 4.3.2.2.2.

NOTE 2:
At 5GS to EPS mobility, the MME use the FQDN for the S5/S8 interface of the PGW-C+SMF to find the PGW-C+SMF, and when UE moves back from EPS to 5GS, the AMF uses FQDN for the S5/S8 interface of the PGW-C+SMF to find the PGW-C+SMF.

[Observation-4] If EPS interworking without N26 is supported, during PDU Session setup in 5GS, the PGW-C+SMF stores the FQDN for the S5/S8 interface of the PGW-C+SMF in the UDM.
2.3.3 If Handover from 5GC-N3IWF to EPS is supported
TS 23.502 v15.3.0, clause 4.11.3.2 (Handover from 5GC-N3IWF to EPS), it’s whether the SMF should store the FQDN of PGW to HSS+UDM.
[Proposal-2] It’s proposed to clarify that SMF store the FQDN of PGW to HSS+UDM when PDU session is established via non-3GPP in 5GS and if EPS interworking is supported.
2.5 Possibly uncontrolled system behaviour and solution 

As described in section 2.3.2 and 2.3.3, the SMF need to store FQDN of PGW-C in UDM in the following scenarios:
PDU Session via 3GPP supporting interworking without N26,

PDU Session via N3GPP supporting interworking

When multiple FQDNs of PGW are associated with the same DNN in the UDM in the above scenarios, the selection of FQDN of PGW can be based on operator policy in UDM (as proposed in [1]). This applies to scenarios involving the same AMF or different AMFs. 
It’s our understanding that the operator policy in UDM will probably take S-NSSAI as input, which means that the UDM needs to recognize the S-NSSSAI which may be challenging in roaming case where SD (Slice Differentiator) is used in S-NSSAI.  As a consequence, the system behaviour may be uncontrollable.
To have a more controlled system behaviour, an alternative is that for scenarios (without N26, or N3GPP) of multiple SMFs, the AMF determines which SMF’s PDU Sessions can be moved to EPS, and the AMF may also need to revoke the SMF’s interworking support which will result in removal of FQDN of PGW from UDM for a PDU Session.
[Proposal-3] To have a more controlled system behaviour, it’s proposed that the AMF determines which SMF’s PDU Sessions can be moved to EPS for PDU Sessions via 3GPP supporting interworking without N26, or for non-3GPP PDU Session, and may also need to revoke the SMF’s interworking support which will result in removal of FQDN of PGW from UDM for a PDU Session.
[Proposal-4] Considering that the interworking scenarios involves both 3GPP (with or without N26) and N3GPP PDU Sessions, it’s proposed to have an overall description for interworking for multiple PDU Sessions in a new subclause under clause 5.17. A suggested heading is as follows:

5.17.x
Interworking with EPC in presence of multiple PDU Sessions 
5.17.x.1 Multiple PDU Sessions associated with the same DNN 
3 Proposal
[Proposal-1] It’s proposed to remove the change in 23.501 CR0611 [1] and 23.502 CR0714 [2] regarding the AMF storing FQDN of PGW to UDM for interworking with N26, as there is no need for such storage.

See 23.502 CR S2-1810257 

See 23.501 CR S2-1810258 
[Proposal-2] It’s proposed to clarify that SMF store the FQDN of PGW to HSS+UDM when PDU session is established via non-3GPP in 5GS and if EPS interworking is supported.
[Proposal-3] To have a more controlled system behaviour, it’s proposed that the AMF determines which SMF’s PDU Sessions can be moved to EPS for PDU Sessions via 3GPP supporting interworking without N26, or for non-3GPP PDU Session, and may also need to revoke the SMF’s interworking support which will result in removal of FQDN of PGW from UDM for a PDU Session.
[Proposal-4] Considering that the interworking scenarios involves both 3GPP (with or without N26) and N3GPP PDU Sessions, it’s proposed to have an overall description for interworking for multiple PDU Sessions in a new subclause under clause 5.17. A suggested heading is as follows:

5.17.x
Interworking with EPC in presence of multiple PDU Sessions 
5.17.x.1 Multiple PDU Sessions associated with the same DNN 
See 23.501 CR S2-1810259

See 23.502 CR S2-1810260 
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Annex
=====Excerpt from TS 23.401 v15.5.0======
4.3.8 Selection functions

4.3.8.1 PDN GW selection function (3GPP accesses)

…

If the UE provides an APN for a PDN, this APN is then used to derive the PDN GW identity as specified for the case of HSS provided APN if one of the subscription contexts allows for this APN.

If there is an existing PDN connection to the same APN used to derive the PDN GW address, the same PDN GW shall be selected.
5.10
Multiple-PDN support and PDN activation for UEs supporting "Attach without PDN connectivity"

5.10.1
General

…

All simultaneously active PDN connections of a UE that are associated with the same APN shall be provided by the same PDN‑GW.

…

5.10.2
UE requested PDN connectivity

…

1.
The UE initiates the UE Requested PDN procedure by the transmission of a PDN Connectivity Request (APN, PDN Type, Protocol Configuration Options, Request Type, Header Compression Configuration) message. If the UE was in ECM-IDLE mode, this NAS message is preceded by the Service Request procedure if any of the exiting PDN connections were using the User Plane without CIoT EPS Optimisation, or, if the user plane was used just with User Plane CIoT EPS Optimisations, a Connection Resume Procedure is executed instead. PDN type indicates the requested IP version (IPv4, IPv4v6, IPv6, Non-IP).
…
Protocol Configuration Options (PCO) are used to transfer parameters between the UE and the Network and are sent transparently through the MME and the Serving GW. The Protocol Configuration Options may include the Address Allocation Preference, which indicates that the UE prefers to obtain an IPv4 address only after the default bearer activation by means of DHCPv4. If the UE has UTRAN or GERAN capabilities, it shall send the NRSU in the PCO to indicate the support of the network requested bearer control in UTRAN/GERAN. The UE sends the ETFTU in the PCO to indicate the support of the extended TFT filter format. The Request Type indicates "initial request" if the UE requests new additional PDN connectivity over the 3GPP access network for multiple PDN connections, the Request Type indicates "handover" when the UE is performing a handover from non-3GPP access and the UE has already established connectivity with the PDN over the non-3GPP access.
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