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1 Introduction

A new study item “Study on New Radio Access Technology” [1] was approved in RAN #71 meeting with the aim to develop an NR access technology to meet a broad range of use cases including enhanced mobile broadband, massive MTC, critical MTC, and additional requirements defined during the RAN requirements study in [2]. One of the objectives in the SID is to study and identify the technical features necessary to enable

· Tight interworking between the new RAT and LTE 
Following the objectives of new RAT SID, this contribution analyzes different options of interworking between new RAT and LTE.
2 Discussion 
The New system designed for the next generation mobile network (5G) will probably be commercially deployed after 2020. Operators will rely on continuously evolved LTE to satisfy the explosive data traffic growth. It is believed that a period will exist that LTE and new RAT coexist and interwork with each other. Many options of interworking between LTE and new RAT exist which correspond to different migration path to 5G. These options are quite relevant to 3GPP specification work especially the interface may be defined between RAN and Core network, as well as the interfaces within RAN (e.g., LTE and new radio) and Core (e.g., new core and EPC), thus it is worthwhile to study and evaluate different options of LTE and new RAT interworking. 
It is assumed that 5G new system work independently and new RAT equipped terminals always access 5G new core if allowed. Base on this principle, four typical options of LTE and new RAT interworking are identified and depicted in figure 1.
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Figure 1 Options of LTE and new RAT interworking 
Option 1: New radio access to legacy EPC

In this option, all the core network components supporting LTE and 5G new RAT are provided through EPC. This option may require evolution of EPC to enable access-agnostic functions to be provided. With this option, there is minimal impact to legacy RAN. Nevertheless, the degrees of freedom to evolve the EPC in a manner that efficiently provides 5G functions to support the diversity of use cases (e.g., eMBB, mMTC and URLLC) may be limited. Thus, legacy paradigms may be applied to all use cases, which may be inefficient and expensive. Furthermore, 5G new RAT may need to support the interface to legacy EPC and new core simultaneously which results in dispensable complexity. Due to above reasons, this option should be abandoned from the interworking study.

Proposal 1: Option 1 should be excluded from the subsequent RAN3 study
Option 2: Interworking at core network

In this option, the core network functions are provided both through an evolution of EPC and a new design denoted “5G Core”. But the new core only supports the new RAT while 4G LTE evolution is supported by the EPC. The advantage is that it allows the benefits of new technologies such as C/U plane seperation, network function virtualization and network slicing to be realized at core network with minimal impact to legacy RAN. However, the drawback is that the benefits of the new core can only be realized in areas where there is new RAT coverage. Furthermore, due to limited coverage of the new RAT, interworking interfaces may be needed between the 5G new core and EPC to support mobility between the new RAT and LTE evolution. Mobility support through such interfaces may incur significant signalling burden.
Option 3: Interworking at RAN
Similar to Option 2, this option allows the benefits of new technologies to be fully introduced. Nevertheless, different from Option 2, in case of limited coverage of the new RAT, interworking interfaces between the 5G new RAT and LTE eNB are needed, i.e., interworking happens at RAN rather than at core network. Mobility support through such interfaces may also incur significant signalling burden as Option 2.
Option 4: Both new RAT and LTE access to new core

In this option, all components of LTE and new RAT are supported by the 5G new core. This option also allows for support of the 4G LTE evolution through the EPC to provide backward compatibility for devices that cannot utilize the new core (e.g., devices that only support LTE before a certain 3GPP Release). Similar to Option 2, this option allows the benefits of new technologies to be fully introduced. In addition, it overcomes the mobility issues associated with Option 2. This is because mobility between the new RAT and 4G evolution can be handled by the 5G new core without the need for any interworking. Nevertheless, Option 3 also faces some challenges. For instance, it requires the 4G eNB to be upgraded to support both connection through the EPC and the new core. Some interfaces may also be needed during the migration phase until all 4G base stations have been upgraded to support the 5G new core [3].
Since decisions on Option 2, Option 3 and Option 4 are relevant to SA2 network architecture study, which still does not provide any clear guidance, thus further study in RAN 3 in cooperation with SA2 should be further conducted.
Proposal 2: RAN 3 to further study Option 2/3/4 in operation with SA2 and identify preferred option
3 Conclusion
This contribution analyzes different interworking options between new RAT and LTE. Our proposals are provided as below,
Proposal 1: Option 1 should be excluded from the subsequent RAN3 study
Proposal 2: RAN 3 to further study Option 2/3/4 in cooperation with SA2 and identify preferred option
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