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1. Introduction
In RAN#71, new study item on new ratio access technology has been approved with many objectives [1]. One of those objectives include to study on the tight interworking between the new RAT and LTE. 
	Detailed objectives of the study item are:
(1) Target a single technical framework addressing all usage scenarios, requirements and deployment scenarios defined in TR38.913 including
:
(2) The new RAT shall be inherently forward compatible
:
(4) Study and identify the technical features necessary to enable the new radio access to meet objective 1 and 2, also including:
· Tight interworking between the new RAT and LTE 

· Interworking with non-3GPP systems

· Operation in licensed bands (paired and unpaired), and licensed assisted operations in unlicensed bands

· [Standalone operation in unlicensed bands is FFS]

· Efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum

· Stand alone operation in licensed bands


In this contribution, we discuss the tight interworking between the new RAT and LTE. Note that we assume that the tight interworking would mean the NR is used as a secondary radio and the LTE is always primary. We also propose a way forward.
2. Discussion
2.1
Requirements for RAN architecture
In terms of inter-node interworking, LTE Dual Connectivity (DC) was introduced in Rel-12 and enhanced in Rel-13. In Rel-13, LTE WLAN aggregation (LWA) was also introduced based on DC architecture. So, DC architecture could potentially be used for any type of inter-node interworking. Actually, it is said in the TR38.913 [2] that aggregation of data flows via at least DC between LTE and new RAT shall be supported. Therefore, DC should be considered as baseline architecture for the interworking between the new RAT and LTE.
Further optimization could be also discussed according to other requirements (highlighted in green). For instance, different functional split or protocol architecture shall be allowed based on e.g. deployment scenario or service requirement. Also, it shall be allowed to apply the operation of Network Slicing. These flexibilities will be related to not only the tight interworking, but also the stand-alone operation. We discuss in other contribution in [3][4]. In the following, we will discuss the tight interworking between the new RAT and LTE with DC architecture.
	8
Requirements for architecture and migration of Next Generation Radio Access Technologies

The RAN design for the Next Generation Radio Access Technologies shall be designed to fulfill the following requirements:

-
The RAN architecture shall support tight interworking between the new RAT and LTE.

-
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.
-
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

-
The RAN architecture shall enable a separation of control plane signalling and user plane data from different sites.

-
The RAN architecture shall support interfaces supporting effective inter-site scheduling coordination.
-
Different options and flexibility for splitting the RAN architecture shall be allowed.
-
The RAN architecture shall allow for deployment flexibility e.g. to host relevant RAN, CN and application functions close together at the edges of the network, when needed, e.g. to enable context aware service delivery, low latency services, etc...
- 
The RAN architecture shall allow for C-plane/U-plane separation.
-
The RAN architecture shall allow deployments using Network Function Virtualization.

-
The RAN architecture shall allow for the RAN and the CN to evolve independently.
-
The RAN architecture shall allow for the operation of Network Slicing[7].
:


2.2
Tight interworking based on DC architecture
At first, we discuss the applicability and necessity of functions in the legacy DC for tight interworking between the new RAT and LTE with respect to the following points:
· Overview (e.g., MeNB, SeNB and PSCell concept)
· Radio protocol architecture and UP connectivity
· CP connectivity
Note that we assume the LTE and the new RAT will be operated in different frequency as shown in Fig.1 below in this contribution.
Overview
At first, in DC, there is one MeNB and one SeNB from UE perspective. This basic concept could be reused for the tight interworking. So, there will be one LTE eNB as the MeNB and one new RAT eNB as the SeNB from UE perspective. Depending on further discussion on the network architecture (i.e. network slicing), there may be more than one new RAT eNB. However, it would be better to make working assumption with one new RAT eNB as the SeNB for the moment.
Observation 1: There will be one LTE eNB as the MeNB and one new RAT eNB as the SeNB in DC-based tight interworking.
In DC, PSCell having a part of PCell functionality is also defined. PSCell is always activated so that the SeNB can manage own cells with CA by itself and the UE can perform CA among SCG cells mostly independent from MCG cells, i.e. UP data and L1/L2 control signaling are sent on SCG cells. In the tight interworking, there should be PSCell-like anchor cell of new RAT and the UE should be able to perform CA among serving cells managed by the new RAT eNB.

Observation 2: The UE supporting new RAT can be configured with PSCell-like anchor cell of new RAT and perform the CA among serving cells managed by the new RAT eNB.
Regarding the interface between the LTE eNB and new RAT eNB should have the similar functionality as X2 interface to perform the DC, but it may not be exactly same as the X2. Regarding the interface between the new RAT eNB and CN, which may be new CN (next generation CN), further discussion is necessary. Since these interfaces between network nodes (between RAN nodes as well as RAN-CN interface) will be discussed in RAN3 (with SA2), we leave it open and do not preclude any possibilities for now.
Observation 3: The network interface discussion should be left to other WGs (RAN3 and SA2), while inter-node RRC message can be discussed in RAN2 as done in the past.
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Fig. 1: Tight interworking between NR and LTE (DC-based, non-collocated)

Radio protocol architecture and UP connectivity
Fig. 2 shows the radio protocol architecture based on DC captured in the stage-2 TS [5]. If legacy DC architecture is reused for the tight interworking, the Split Bearer would mean one EPS-bearer is split into two different RATs (i.e. LTE and new RAT). The SCG Bearer would mean EPS-bearer directly configured to the new RAT. The possibility of the SCG Bearer is related to the RAN-CN interface discussion which will be done in RAN3 and thus the detail is FFS.
Observation 4: Both Split Bearer and SCG Bearer will be supported in the tight interworking, while the detail of SCG bearer should wait for RAN-CN interface discussion.
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Fig. 2: Radio protocol architecture
CP connectivity

Regarding the CP connectivity (e.g. NAS, paging, dedicated RRC signaling), it could be the same as the DC. On the other hand, it should be allowed to discuss further optimization such that the CP can be sent in the cell of the new RAT eNB directly to the UE. For instance, it may be useful to send the new RAT specific RRC signaling (if any) by the new RAT eNB to reduce the signaling delay or better radio resource utilization, given that the new RAT could bring less latency and more spectrum efficiency compared to the LTE and its enhancement.

Regarding the system information, the situation may be different. In DC, the SeNB also transmits the MIB, SIB1, SIB2 and other System information in the SCG cell, because the SeNB shall support the legacy (i.e. non-DC) UEs from the specification point of view. On the other hand, it may not be necessary for the new RAT eNB to support the stand-alone operation e.g. within the first phase. If the new RAT eNB can operate only as a secondary radio (i.e. always SeNB), there may not be necessary some SIBs. However, even if the stand-alone operation would not be required at the beginning, the forward compatibility shall be supported as per the objective, i.e. the new RAT eNB shall support the stand-alone operation anyway from the specification point of view. So, it would be better to consider how much extensibility should be ensured from the beginning. 

Observation 5: CP connectivity of DC can be reused for the tight interworking from the UE perspective. Further optimization can be discussed, e.g. RRC signaling from the new RAT eNB directly to the UE.
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Fig. 3: CP architecture
Based on the discussion above, we propose:
Proposal 1: RAN2 to agree that the DC architecture (radio protocol architecture, UP and CP connectivity) can be reused for the tight interworking between the new RAT and LTE. 
Proposal 2: RAN2 to discuss any optimization, e.g. RRC signaling by new RAT eNB directly to the UE.
3. Conclusion

In this contribution we discussed the tight interworking between the new RAT and LTE, and made the following proposals:
Proposal 1: RAN2 to agree that the DC architecture (radio protocol architecture, UP and CP connectivity) can be reused for the tight interworking between the new RAT and LTE. 

Proposal 2: RAN2 to discuss any optimization, e.g. RRC signaling by new RAT eNB directly to the UE.
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