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Abstract of the contribution: Proposes way forward for solutions for EPC-NextGen CN interworking to key issue 18.
1. Introduction
In SA2#116 and SA2#116bis a few solutions were proposed for interworking between EPC and NG Core. These solutions present a number of commonalities and differences. This paper identifies the commonalities and proposes way forward for the differences, captured as interim conclusions.
In this paper we consider all solutions captured in clause 6.18 but in addition papers that were submitted but not handled in SA2#116bis, namely S2-164395 [1], S2-164804 [2], S2-164670 [3] and S2-164641[4].

2. Solution properties

2.1 Support for mobility procedures for single radio UEs

In SA2#116bis it was discussed (see [5]) whether we can assume that mobility between EPC and NG Core can rely on "dual radio/dual attach" procedures e.g. similar to those currently used between 3GPP and WLAN radio in TS 23.402.

One aspect that is required to be clarified about the "term" dual radio in e.g. solution 6.18.4.1 is that it does not refer only to the RF capability of the UE but also to the "upper layer" procedures and stack. For example even in rel.12/13 UEs can support multiple RF chains (depending on their radio capability) to support features such as dual-connectivity, carrier aggregation, ProSe etc. but mobility procedures between 3GPP RATs is always based on "single radio". Furthermore, there are scenarios where dual radio is not possible due to band combinations (as was studied in the in-device coexistence issue). As such even when dual radio is available on a device, there may be band combinations that do not allow it to operate.
Relying only on "dual radio/dual attach" procedures for mobility between EPC and NG Core means that UEs that do not have this capability will experience service disruption while moving from EPC to NG Core (and vice versa). Therefore, it is proposed that mobility procedures defined between EPC and NG Core (and vice versa) shall be able to support "single radio/single attach" UEs with service disruption equivalent to intra-EPC mobility. 

Support for these procedures in the UE and the network can be defined as optional and can be based on UE and network capabilities. For example only UEs requiring service continuity e.g. voice centric UEs may need to support them.

Proposal 1: Mobility procedures defined for mobility between EPC and NG Core (and vice versa) shall be able to support "single radio/single attach" UEs with service disruption equivalent to intra-EPC mobility. 

Proposal 2: Support for these procedures in the UE and the network is optional and can be based on UE and network capabilities. For example, only UEs requiring support for service continuity e.g. voice centric UEs may need to support them, while others do not.
2.2 Interfaces and common functional elements between the EPC and NG Core

All solutions captured in clause 6.18 and submitted but not discussed (in [1], [2], [3] and [4]), define at least some interfaces between EPC and NG Core and at minimum one common functional element between EPC and NG Core. 

As follow up from Proposals 1 and 2, if support for "single radio/single attach" UEs is required then all solutions (including the one in clause 6.18.4) require a common UP anchor in order to achieve IP address preservation. Solutions in [1], [3] and 6.18.4 further propose that the common located in the NextGen Core.
Proposal 3: Common UP anchor located in the NextGen Core is required for IP address preservation.

All solutions propose a common subscriber database (similar to HSS) to be common between EPC and NG Core.

Proposal 4: A common subscriber database (similar to HSS) is used between EPC and NG Core.

In addition and in order to further speed up the mobility procedures it is proposed in all but one solution in clause 6.18 to have a control plane interface between MME and NG Core CP Function to transfer the UEs context (e.g. MM, SM, Security) from EPC to NG Core. The solution in 6.18.4 proposes not to have such interface. We calculate below the delay from NG Core to EPS for the potential transfer of a voice call, taking into account possible roaming with home routed traffic. The assumption is that there is no context transfer and the UE has to do "new" attach in EPS and transfer the IMS session using PS-PS Service Continuity defined in TS 23.237 [9] : 

	Descriptions
	Time (ms)
	Notes

	EPS Attach
	50-80
	Ref. clause 16.2 and Annex B of 3GPP TR 36.912 [6]
Note: This is considered "best case scenario" where the IMS APN is the default APN. If an additional PDN connection is required to be established for IMS another 50-80ms need to also be added.

	Time for IMS session transfer (PS-PS Service cont.)
	55
	Is shown as an example representative of the time required for the procedure. Ref. TR 36.868 [7]

	Establishment of dedicated bearer (QCI=1)
	115
	Ref. TR 36.868 [7]



	Roaming delays
	150
	Ref. TS 23.203 [8]

	Total
	220-250

To 

370-400 (if roaming)
	


Table 1: Delay for IMS voice session transfer between NG Core and EPS
Field tests performed with the UE in HPLMN (i.e. non-roaming) from individual user call records from the network indicate larger values ranging from 765ms to 886ms.

Even based on the theoretical numbers ranging from 220 to 400ms there will be perceivable disruption when the UE moves from NG Core to EPC. The performance in opposite direction (from NG Core to EPC) can be considered comparable for E-UTRA and for 5G NR access it will depend on radio design.
In clause 5.18.3 in TR 23.799 it is mentioned: 

Gradual migration from EPS to EPS+NGS to NGS should be enabled by 3GPP specifications in Rel-15. 

If therefore an operator is "gradually migrating" its E-UTRAN to NG2/NG3 it is still required to support services (such as voice) that require service continuity across boundary areas e.g. from E-UTRA cell connected to EPC to E-UTRA cell connected to NG Core. 
Furthermore, in subclause 5.1.2.2 in TS 22.261, it is stated:

The 5G system shall support all EPS capabilities (e.g., from TSs 22.011, 22.101, 22.278, 22.185, 22.071, 22.115, 22.153, 22.173) with the following exceptions:

-
CS voice service continuity and/or fallback to GERAN or UTRAN,
-
Seamless handover between the 5G RAN and GERAN or UTRAN, and
-
Access to a 5G core network via GERAN or UTRAN.

The above requirement implies that the NGS shall support seamless handover between the NG RAN and E-UTRAN. For the seamless handover, i.e. in order not to experience 220 to 400 ms of service interruption, context transfer between the EPS and the NG System should become available.
In order to achieve that some context needs to be transferred from source to target RAN (similar to X2) and CN nodes (similar to S10). The decision on whether a RAN interface is needed can be taken in RAN WGs. 

Proposal 5: A source to target CN interface to transfer certain context is needed between MME and CP Function of NG Core. The decision on whether a RAN interface (similar to X2) is also needed is FFS and can be taken in RAN WGs.

The actual "name" and "type" of this interface varies between the different solutions in clause 6.18 and proposals in [1], [2], [3] and [4]. Proposals in [1] and [3] propose to use S10, while [4] and new reference point (called NGx). [2] proposes to use a "tunnelling" interface similar to S101 that is used for single radio cdma2000 handover in TS 23.402. It is proposed to name this interface with a new name (e.g. NGx) and identify that the exact message transfer and whether it is S10 or something different is FFS. 
Proposal 6: The MME to CP Function in NG Core is named as NGx and is FFS.  
2. Proposal
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**** Start of changes ****
8.x
Interim Agreements on Key Issue #18 
8.x.1
Interim Agreements on EPC-NextGen Core interworking

Interim agreements for Key issue #18 EPC-NextGen Core interworking are as follows:
- 
The standard defined for mobility procedures from NG Core to EPC shall be able to support "single radio/single attach" UEs and achieve minimal service disruption.
Editor’s note: Whether similar mobility procedures for “single radio/single attach” UE will be defined for mobility from EPC to NG Core to support the SA1 requirement for minimal disruption is FFS.
- 
Support for these procedures in the network is optional and is based on network capabilities. 
Editor’s Note: Whether support for the procedures in the UE is mandatory or optional is FFS. For example, only UEs requiring support for service continuity (e.g. voice centric UEs) and/or IP address preservation may need to support them, while others may not,
- 
Common UP anchor is required for IP address preservation.
- 
A common subscriber database (similar to HSS) is used between EPC and NG Core.
-
The standard shall support a source to target CN interface to transfer certain context between MME and CP Function of NG Core.  
Editor’s note: The MME to CP Function interface in NG Core is named as NGx and its procedures are FFS.
**** End of changes ****
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