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1   Introduction
Network deployment scenario is a hot topic in recent SA2, RAN2 and RAN3 meetings. To effective run 5G service, UE should be connected to 5G CN. SA2 agreed 5 deployment scenarios in Annex J of TR23.799 [1]. However, all the UE connecting to 5G CN from LTE scenarios require upgrading LTE to eLTE.

Some large operators would like the option of connecting legacy LTE eNB to 5G CN. This paper discusses how to enable the connection of legacy LTE eNB to 5G CN. Note that this is a RAN-only scenario, where the RAN is effectively upgraded to eLTE from the 5G CN point of view; SA2 is considering wider scope solutions supporting CN interworking, migration and mobility between EPC/LTE and NR/NG core.
2   Requirement Analysis
With 5G deployment, more and more new services would be deployed on 5G CN. The legacy EPC may not be able to support these new services due to technical difficulty and/or cost reason. However, 5G coverage may not be continuous at least in the initial 5G deployment. To enable service continuity, it is better for UE in LTE to be connected to 5G CN.
Observation 1: To ensure the continuity of services, particularly 5G new services, it is preferred to connect 5G UE on LTE to 5G CN.

RAN3 has agreed that eLTE can connect to 5G CN. However, for big MNO with up to 1M eNBs, upgrading eNB to eLTE requires significant cost and effort. In the 4G deployment, to avoid such cost, some big operators deployed proprietary solutions, which lead to fragmentation of the industry. In 5G design, we should consider the “no LTE eNB upgrade” as a deployment scenario and define standardized solution for it.
Observation 2: Upgrading eNB to eLTE requires significant cost and effort for big MNO. Avoiding the cost by proprietary solutions lead to industry fragmentation.

Proposal 1: Adopt legacy LTE connecting to 5G CN as a deployment scenario.
3   Solution Analysis
Following are potential solutions of connecting legacy eNB to 5G CN.

Solution 1: Connection eNB to 5G CN via NR BS
In this solution, eNB is connected to 5G CN in 3C like LTE/NR dual connectivity, as show in figure 1. NR BS acts as master eNB from legacy eNB perspective. 
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Figure 1: Connecting eNB to 5G CN via NR BS
This option works only when UE is in NR BS coverage because SRB is carried over NR BS. So, this solution cannot effectively support the service continuity requirement.
Observation 3: Legacy LTE + NR dual connectivity cannot effectively support 5G service continuity.

Solution 2: Connecting eNB to 5G CN via E-UTRAN-GW
In this solution, legacy LTE eNB connects UE to 5G CN through E-UTRAN-GW through S1 interfaces, as show in figure 2. E-UTRAN-GW connects to 5G CN through NG2/NG3 interface. This is somewhat similar to the HeNB deployment scenario where HeNB connects to EPC via HeNB GW. E-UTRAN-GW enables tight interworking between NR and LTE if X2 like interface between E-UTRAN-GW and NR could be further deployed. However depending on details of NG2/3, it is likely that the E-UTRAN-GW would not be transparent. Note that the LTE eNB would need to have at least the functionality to direct legacy UEs to the EPC (or alternatively, the E-UTRAN-GW or 5G CN should be able to provide the required redirection) and 5G CN capable UEs to the E-UTRAN-GW.
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Figure 2: Connecting legacy LTE eNB to 5G CN via E-UTRAN-GW
Solution 3: Connecting eNB to 5G CN via S1 interface
In this solution, the CN-RAN interface is still S1, and all interworking is done within the CN. There may be several options to do this, all of which are in SA2’s domain. For example, 5G CN could directly support S1 interface to connect legacy LTE eNB. This option is somewhat similar to adding Iu interface to SGSN in 2G to 3G migration. Alternatively [3], the 5G CN hosts a Core Network Interworking Function enabling service continuity between E-UTRAN and the NG RAN options deployed by the operator.

Subject to SA2’s further study, these are likely to be attractive migration paths for operators. However, if an operator wishes to emulate eLTE functionality in its RAN (i.e. direct connection to NG core), without upgrading the installed eNBs, then solution 2 may be of interest.
Proposal 2: Adopt solution 2 as a candidate solution for the deployment scenario of connecting legacy eNB to 5G CN.
4   Conclusion 

Observation 1: To ensure the continuity of services, particularly 5G new services, it is preferred to connect 5G UE on LTE to 5G CN.

Observation 2: Upgrading eNB to eLTE requires significant cost and effort for big MNO. Avoiding the cost by proprietary solutions lead to industry fragmentation.
Observation 3: Legacy LTE + NR dual connectivity cannot effectively support 5G service continuity.
Proposal 1: Adopt legacy LTE connecting to 5G CN as a deployment scenario.
Proposal 2: Adopt solution 2 as a candidate solution for the deployment scenario of connecting legacy eNB to 5G CN.

Appendix: Proposed TP

=======================================================

14
Migration towards RAN for New RAT
Editor’s notes: Intention is to capture how migration from existing E-UTRAN to the RAN supporting new RAT may occur (i.e. to capture the required modification/upgrades to E-UTRAN in order to evolve to the RAN supporting new RAT).
Upon deployment of the 5G CN, legacy LTE may connect 5G UE to 5G CN through E-UTRAN-GW. LTE eNB connects to E-UTRAN-GW through S1 interfaces. E-UTRAN-GW connects to 5G CN through NG2/NG3 interface.
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Figure 14-1: Connecting legacy eNB to 5G CN via E-UTRAN-GW
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