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1
Introduction
RAN#71 agreed to start the new Study on New Radio Access Technology [2], which includes the following objectives:

Detailed objectives of the study item are:
<…>

(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]

The requirements in TR 38.913 [3] referred to above include the following:


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.

<…>

This contribution discusses the motivation and benefits of tight interworking between evolved LTE (eLTE) and new RAT (NR). This contribution also addresses mobility of NR+LTE UEs (described below) when moving from NR coverage to LTE-only coverage.
Furthermore, SA2 TR 23.799 [5]introduces the concept of eLTE as follows:

Evolved E-UTRA: RAT that refers to an evolution of the E-UTRA radio interface for operation in the NextGen System. 

NextGen RAN (NG RAN): In the context of this document, it refers to a radio access network that supports one or more of the following options:

2) Standalone New Radio, 

4) Standalone New Radio is the anchor with Evolved E-UTRA extensions, 

5) Evolved E-UTRA,

7) Evolved E-UTRA is the anchor with New Radio extensions. 

With the common characteristics that the RAN interfaces with the next generation core. 
NOTE: NG RAN Options 2, 4, 5 and 7 are relevant in the context of this contribution.
In principle, at least the following solution types for tight inter-working between LTE and NR are possible:
a)
Inter RAT Handover between NR and LTE using a procedure involving core network(s). 
b)
Intra-NR like handover (but between NR and LTE, provided LTE eNB is enhanced to support NR upper layers over LTE lower layers). 
c)
Dual connectivity between NR and LTE
Solution type a) follows the inter-RAT methods as already specified for LTE and UMTS, or other RATs, to perform an inter-RAT handover with change of NR core to EPC. This implies that the core network (either NGC or EPC, or both, depending on the scenario) is involved at least for switching the data tunnel from one node to the other and re-configuring the UE context in CN.

Solution type b) is based on an unchanged CN and RAN c-plane during inter-RAT mobility. The u-plane data tunnel will be re-routed through a different path in the RAN.
Solution type c) is based on a dual connectivity – based approach where the C-plane is anchored in one RAT and U-plane may be routed via both RATs.
In this contribution, we propose to investigate Solution type b) further, as a method to realize eLTE connectivity to NGC, and discuss the benefits and potential implications of this solution type. 

2
Discussion
2.1
Motivation
In the absence of wide area (WA) NR deployments, LTE macro cells could play a substantial role to provide the coverage layer. In a dual-connectivity scenario, having the UE’s control-plane RRC connection through an LTE macro cell makes the control plane more robust for mobility, while the UE can be served efficiently by the high-performing new RAT in the user plane.

During mobility, when a UE moves out of NR coverage to LTE-only coverage, having no change needed in UE’s RAN C-plane connection or the connection to core network would enable more efficient operation via faster mobility and reduced user plane interruption since such a mobility event could be treated as an intra-NR handover. This is possible if UE is served by the same c-plane, i.e with the same RRC connection in both NR NB and eLTE eNB. The location of such an RRC connection is deployment specific. 
Proposal 1:
Agree that tight interworking with a common C-plane connection at RAN between eLTE and NR is beneficial in providing connection stability to NR deployments having small cells operating on high carrier frequencies.

2.2
Tight interworking between eLTE and NR
The tight interworking between eLTE and NR is described using the reference diagram below.
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Figure 1: Architecture showing tight interworking between eLTE and NR.
The tight interworking is characterised by the following aspects:

-
An eLTE solution supports lower layers of LTE to be configured by higher layers of NR, in order to connect to the Next Generation Core. The potential protocol mapping of LTE only, NR+LTE and NR only UE operation modes are shown in Fig.1. The exact user plane protocol stack in NR is for further study. 
-
Any UE which supports a ‘hybrid’ NR+LTE stack and a full NR stack is referred to in this contribution as NR+LTE UE. A hybrid NR+LTE stack contains NR and LTE upper layers over LTE lower layers.
-
An NR+LTE capable UE can access an eLTE cell to connect to NGC using the infrastructure provided by eLTE eNB. 
-    In the context of this document, NG RRC is the NR RRC (with extensions) which is able to configure both NR UE and NR+LTE UE for standalone as well as multi-connectivity operations. 
-    The location and deployment of NR higher layers is FFS. 
-
Both standalone and multi-connectivity mode access shall be possible for a NR+LTE UE in an eLTE cell or NR cell, while being connected to NG Core.

-
An eLTE eNB is backward compatible to support EPC connectivity for LTE-only capable UEs.

2.3
Mobility aspects and benefits
For a NR+LTE UE, when there is a hand-over from the source NR cell to the target eLTE cell, the RRC remains the same in both the source and in the target since the eLTE eNB is also controlled by NG RRC. In addition, the interface from the gNB to the core network i.e. NG2-C in the source and target shall also remain the same. Without eLTE eNB solution, an inter-RAT procedure would have to be executed during the same mobility event, which would involve the core network(s), require a change to the interface type i.e. a change from NG2-C to S1-C interface and also require a change of the RRC being used from the NR RRC in the source cell to the LTE RRC in the target cell.
The tight interworking solution between NR and eLTE provides the following benefits

a)
Significant reduction in handover time since there is no change in the serving core network or RAN higher layers at a time of handover.

b)
Service continuity with connectivity to NR core using NR features in LTE-only coverage as well.

c)
eLTE becomes a carrier type for NR higher layers, which effectively transforms the inter-RAT use cases and procedures to intra-NR use cases and procedures.

d)
LTE air interface can be used to provide signalling reliability and mobility robustness for multi-connected NR+LTE UEs.

e)  Connecting NR UE always connected to NG core keeps the same mobility anchor and allows using core optimized for NR at all times.
Proposal 2:
Study the operation where NR higher layer RAN protocols and NAS protocols are operated on top of LTE lower layers to enable tight interworking between NR and eLTE and provide seamless mobility between NR and LTE..

3
Conclusion
The following is proposed.

Proposal 1:
Agree that tight interworking with a common C-plane connection at RAN between eLTE and NR is beneficial in providing connection stability to NR deployments having small cells operating on high carrier frequencies.
Proposal 2:
Study the operation where NR higher layer RAN protocols and NAS protocols are operated on top of LTE lower layers to enable tight interworking between NR and eLTE and provide seamless mobility between NR and LTE.  
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