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Introduction

This contribution proposes updates to TS 23.501, corresponding updates to TS 23.502 is proposed in S2-170805. The two contributions include the same discussion chapter. 
Discussion
1 Selection of signalling flow variants for 5GC-EPC interface with Nx interface

In the agreements in TR 23.799 it is stated:

The standard will define mobility procedures from NG Core to EPC and vice versa to support "single registered" UEs and achieve minimal service disruption.

-
Solution 18.2 is adopted as the basis for normative work. However, decision on which of the signalling flow variants shown in clause 6.18.2.1.2.3 will be standardised is deferred to the normative phase.
-
Support for these procedures in the UE and network is optional and is based on UE and network capabilities, respectively.
-
For idle mode mobility when the NGx interface is supported between NG Core and EPC, the UE performs TAU (or equivalent) when it moves from NG Core to EPC (and vice versa).
The following signalling flow variants is included in TR 23.799 clause 6.18.2.1.2.3

· Full session establishment

· Default bearer handover and dedicated bearer re-activation

· SRB-only handover and PDN re-activation

· Handover attach with context pull

· Handover attach with context push

At SA2 meeting #118bis, S2-170048 proposed that SRB-only handover and handover attach with context push/pull should be ruled out. As the proposal was endorsed at the meeting, this paper will not further discuss these options.

This paper will discuss the consequence for service requirements depending on the level of context transfer between the source and target system.

One important service and the driver for the “minimal service disruption” requirement and “seamless mobility” is the IMS voice service. Therefore, the two variants full session establishment and default bearer handover and dedicated bearer re-activation will be evaluated for the VoLTE service.

It is assumed that IMS Voice over PS (VoLTE) in 5G will use a dedicated IMS DDN (similar as GSMA has specified the IMS APN for EPC) and the default QoS of the IMS DDN is the QoS for IMS signalling (equivalent to QCI = 5 in EPC) and that the IMS voice media will require a QoS with GBR characteristics.
1.1 Full session establishment and IMS Voice

With full session establishment, all active QoS flows will be preserved during the handover. When the UE moves from 5G to 4G the active QoS flows will be translated into EPS bearers. That means that for an ongoing VoLTE call, that after a handover from 5G to EPS, the UE will have both a default bearer for IMS signalling and (at least) a dedicated bearer for the conversational traffic. 

The same applies when the UE moves from 4G to 5G where the EPS bearers are translated into authorized QoS flows in the UE, RAN and CN.
1.2 Default bearer handover and IMS Voice

With default bearer handover and re-activation of dedicated bearers, only the default bearer is established during the handover. After the handover the network triggers the establishment of dedicated bearers. After the handover, all traffic will be sent over the default bearer until the dedicated bearers have been established, and hence be treated with the QoS of the default bearer.

If default bearer handover and re-activation of dedicated bearer re-activation is used when moving from 5GC to EPC, the default bearer in EPC have characteristics for IMS signalling (QCI =5), which is not suited to carrying IMS media.

In addition, the re-activation of dedicated bearer after the handover is completed will also increase the signalling in the network. 

It is not clear in 23.799 if it is proposed that the same method shall apply when the UE moves from 4G to 5G. If only the default bearer is translated into a default QoS flow, the same behaviour would apply as when UE moves from 5G to 4G. We assume that the default bearer handover is only proposed as a variant when UE moves from 5G to 4G, and not vice versa.
Observation 1: Default bearer handover and dedicated bearer re-activation is not sufficient to fulfil the IMS Voice requirements on service interruption during a handover procedure.

Proposal 1: ‘Default bearer handover and dedicated bearer re-activation’ as described in TR 23.799 shall be ruled out signalling flow variant for 5GC-EPC interworking with Nx interface when the UE moves from 5G to 4G, as it does not fulfil the IMS voice requirements for service interruption.
1.3 Default and GBR flow handover

As discussed above, full session establishment fulfils the IMS voice requirements at RAT change, while the default bearer handover will not fulfil the IMS voice requirements. 

However, there are conceptual changes between the 5GS QoS framework and the EPS QoS framework that makes it questionable if a full session establishment is always suitable at a handover between the two systems. For example: 

· In 5GS QoS framework, when possible QoS flows can pre-authorized at session establishment to reduce the needed signalling. It is not for granted that all pre-authorized QoS flows in 5GC shall result in EPS dedicated bearers.

· In 5GS QoS framework, reflective QoS is introduced. Depending on the chosen solution for reflective QoS, it is not certain that the UE is aware of all authorized reflective QoS flows, and therefore these cannot be translated into EPS dedicated bearer at a handover.

· The number of authorized QoS flows in 5GS can be higher than the number of allowed EPS bearers in EPS.

· In 5G QoS framework, several QoS flows might be sent on the same DRB. Which QoS flows at that are transferred on which radio bearer is decided from RAN, and not known by the CN. In EPS, there is a 1:1 relation between the EPS dedicated bearer and the radio bearer.

These differences have impact for the UE, RAN and CN to perform a consistent translation between the two models when the UE moves from 5G to 4G. The impact of doing a consistent translation is smaller when the UE moves from 4G to 5G, and it is for later discussions if ‘full session establishment’ or ‘default bearer and GBR bearer handover´ should be used when UE moves from 4G to 5G. 
Therefore, we are proposing a solution where the default QoS flow(s) in 5G is translated into a default EPS bearer(s) and selected QoS flows are translated into EPS dedicated bearers during the handover.
In the QoS framework it is possible to indicate how sensitive a service is to service interruption. If the service shall be delivered without interruption, it is indicated as a GBR services, sent over a GBR QoS flow. If the service is not as sensitive to service interruption, it can be sent on a non-GBR QoS flow.

NOTE: If a default bearer is not suitable to carry all traffic (for example in the IMS case), this can be prevented with network filters.
In the network, both the 5GC, the RAN and the UE knows if a QoS flow is GBR or not, and therefore it is possible to identify the GBR flows during the HO. 

Observation: With ‘Default and GBR flow handover’ the resources needed to carry voice traffic will be established as part of the handover and thus the variant fulfils the requirements on service continuity for IMS voice.

Proposal 2: Only services with GBR QoS requirements shall have their QoS flows translated into EPS dedicated bearers and be part of the handover when the UE moves from 5GS to EPS. In addition to this, a default bearer per PDU session shall also be translated during the handover. It is for later discussions if the same principle shall apply when the UE moves from EPS to 5GS.
2 Nx and S10

In TS 23.501 v0.1.1 chapter 4.3 the following editor’s note is included.

Editor's Note: The final name for Nx and whether Nx is a new NG Core interface or S10/N14 is FFS.

To support handover without a need to upgrade the MME in the EPC network, the Nx interface shall from the MME view behave as an S10 interface. 

· For mobility 5G ( 4G. the translation between 5G UE context to 4G UE context shall be done by 5GC before sending the UE context on the Nx interface

· For mobility 4G ( 5G, the translation between 4G UE context to 5G UE context shall be done by 5GC after receiving the UE context on the Nx interface

Proposal 3: Nx interface shall be based on S10 interface as specified for EPC.
Proposal

Add the following to the TS 23.501.

*************** Start of 1st change *********************

4.3
Interworking with E-UTRAN connected to EPC

4.3.1
Non-roaming architecture

Figure 4.3.1-1 represents the non-roaming architecture for interworking between 5GS and EPC/E-UTRAN.
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Figure 4.3.1-1: Non-roaming architecture for interworking between 5GS and EPC/E-UTRAN
NOTE 1:
Nx interface is an inter-CN interface between the MME and 5GS AMF in order to enable interworking between EPC and the NG core. Support of Nx interface in the network is optional for interworking. Nx interface shall provide S10 functionality as specified between two MMEs.
NOTE 2:
PCF + PCRF, PGW-C + SMF and UPF + PGW-U are dedicated for interworking between 5GS and EPC, which are optional and are based on UE and network capabilities. UEs that are not subject to 5GS and EPC interworking may be served by entities not dedicated for interworking, i.e. either by PGW/PCRF or SMF/UPF/PCF.

NOTE 3:
There can be another UPF (not shown in the figure above) between the NG RAN and the UPF + PGW-U, i.e. the UPF + PGW-U can support NG9 towards an additional UPF, if needed.
Editor's note:
The final name for Nx is FFS.

4.3.2
Roaming architecture

Figure 4.3.2-1 represents the Roaming architecture with local breakout and Figure 4.3.2-2 represents the Roaming architecture with home-routed traffic for interworking between 5GS and EPC/E-UTRAN.
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Figure 4.3.2-1: Local breakout roaming architecture for interworking between 5GS and EPC/E-UTRAN

NOTE 1:
There can be another UPF (not shown in the figure above) between the NG RAN and the UPF + PGW-U, i.e. the UPF + PGW-U can support NG9 towards the additional UPF, if needed.
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Figure 4.3.2-2: Home-routed roaming architecture for interworking between 5GS and EPC/E-UTRAN

*************** End of 1st change *********************
*************** Start of 2nd change *********************
5.17
Interworking and Migration

Editor's note:
This could include functional description for interworking with 2G, 3G and support for migration towards 5G system.

5.17.x 5GC – EPC interworking with context transfer

5.17.x.1 General
This section describes the UE and network behaviour when the network move registration and service for a UE between a 5GC and an EPC.

Part of the current serving network core resources may be unable to continue to serve the UE after an access change. To enable the network to continue to serve the UE and to minimize service interruption, the EPC and 5GC exchange UE information using the Nx interface to move the UE registration between the systems in the mobile network.

The UE may perform an access change with use of the Nx interface in idle mode or be moved to the new access by support of network handover functionality.

At an access change in idle mode the UE appear in the new access presenting information about its current network registration. The target access uses that information to retrieve UE related information via the Nx interface.

At an access with support from handover the current network determines a suitable target access and uses the Nx interface to push UE related information to the target network.

An access change with a use of handover is based on a minimum of default and GBR QoS flow/bearer handover.

The UE information used by 5GC and by EPC use different models to serve the UE, and at transfer between 5GC and EPC the UE information is translated when moved between the systems.

At an idle mode change the UE appears in the new access and provides translated information as part of the registration signalling. The UE information passed via the Nx interface is by 5GC translated to match the translation performed by the UE.

At an access change using handover the UE translates, the core network translates, and the source RAN translates UE information to match the target RAN format.

Some key differences in UE information between the systems are user data transport differentiation by use of EPS bearers by EPC and by a use of PDU session and QoS flows by 5GC.
*************** End of 2nd change *********************
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