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Introduction
Requirements for the new Radio Access Technology (NR) [1] have been collected and a new study item initiated in 3GPP [2]. In parallel, it has been decided to evolve LTE which can be confirmed by the large number of enhancements proposed for Rel-14, at some extent associated to what have been identified as 5G use cases such as Vehicle-to-X (V2X) and Narrow Band Internet-of-Things (NB-IoT). Furthermore, it has been decided at RAN-71 that the 3GPP submission to IMT 2020 (aka 5G) will include the “New Radio” as well as LTE. Hence, it may be expected that LTE will also fulfil a significant number of the IMT 2020 requirements and will be widely deployed by the time that NR reaches the market.
In order to enable mobile operators to leverage as much as possible on their previous investments in LTE, a tight integration between LTE and NR has been extensively studied in the research community [3] and was captured as a requirement in [1]: “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.” A corresponding objective was captured in the study item on New Radio Access Technology [2]. From the CP design perspective a tight integration between LTE and NR consists of the design of RRC protocol framework(s) that are at least some level of coordination to support certain features. 
This contribution discusses means to design the RRC protocol(s) framework to realize a tight integration between LTE and NR.
Discussion
Motivation for a tight integration of LTE and NR
In early deployments, full NR coverage might not be available so that it will be quite common to have areas with wide LTE coverage and coverage islands of NR. It is also expected that in the 5G time frame, there will be a significant amount of LTE deployments occupying most of the available spectrum below 6 GHz. For this reason it is expected that initial 5G deployment would only be able to utilize a limited amount of spectrum below 6 GHz. Due to the limited spectrum below 6 GHz, NR will also be designed to support spectrum above 6 GHz where, for some of the bands, propagation is known to be more challenging. The latter implies that NR deployments will, at least initially, provide hot spot coverage with reduced penetration and coverage extensions. Different network scenarios are shown in Figure 1.  
By means of the tight interworking, operators could enable a high performing multi-RAT mobility in areas where NR is deployed in coverage islands and efficiently pool their available spectrum and benefit from the existing LTE deployments when deploying NR in terms of aggregation, coverage, mobility and load balancing. To take full advantage of tight interworking, the RRC protocol framework(s) has to be designed with collocated (e.g., Figure 1.a) and non-collocated multi-connectivity (e.g., Figure 1.b and 1.c) scenarios in mind. The tight-interworking functionality should be able to maximize the benefits of RAT aggregation and load balancing in coverage-overlap scenarios (see Figures 1.a and 1.b) and enable seamless mobility experience in the coverage-boundary scenarios (Figure 1.c).
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[bookmark: _Ref447321328]Figure 1 Network scenarios
High performing Inter-RAT mobility (Active UEs)
In order to efficiently enable UEs to switch between coverage layers high performing inter-RAT mobility solutions between NR and LTE should be designed. That is particular important in scenarios with coverage islands where an active UE leaves the NR coverage layer and enters LTE coverage or in scenarios with overlapping coverage layers but with NR deployed in very high frequencies where coverage is more spotty. 
The same requirements listed [4] for the UP design should also be considered for the CP design. These solutions should target the following:
· High robustness against packet losses (lossless), handover (HO) and radio link failures (RLF);
· Low interruption delays (seamless);
· Low signaling overhead:
· a) Between the UE and both radio interfaces i.e. LTE and NR;
· b) Between CN and RAN nodes of NR and LTE.
Inter-RAT mobility for active UEs is currently supported between LTE and UMTS [5]. However, a handover from one RAT to another requires the full re-establishment of the CP protocol stack in the other RAT. Intra-LTE mobility, on the other hand, has the advantage of benefiting from the possibility to have the UE context being continued which might reduce the interruption delays and UE complexity. Intra-eNB mobility also benefits from the fact that a common Core Network connection (for both UP and CP, S1-MME and S1-U) exists so that intra-eNB handovers can occur without any CN/RAN signaling i.e. possibly transparent to the CN. That would be an advantage especially in co-located deployments of LTE and NR.
[bookmark: _Toc447314850][bookmark: _Toc447323674][bookmark: _Toc447325999][bookmark: _Toc447326222][bookmark: _Toc447328769]LTE-NR inter-RAT mobility should target high robustness against packet losses and failures, low interruption delays and low signalling overhead.
High performing Inter-RAT mobility (Inactive UEs)
The requirements listed in 2.1.1 were mainly aiming a high performing inter-RAT mobility in active mode, both for LTE and NR, and impact the design of both UP and CP. However, an equally important issue is the inter-RAT mobility of inactive UEs, which mainly impacts the CP design. 
Considering the network scenarios just described, it is likely that inactive UEs might be sometimes only covered by a single RAT and/or even in the case both coverage layers are available, some priority applies. Therefore, in early scenarios with NR coverage islands, the UE will likely be moving between coverage layers and the CP design should allow the movement between these layers without notifying the core network. As discussed earlier, there will also be scenarios where LTE is deployed in lower frequencies while NR is deployed in higher frequencies where coverage is spottier. Therefore, it would be preferable if necessary signaling when moving within the different coverage layers could be minimized. This topic is further discussed in [8].

Multi-RAT Aggregation
According to [2] the RAN architecture shall support multi-RAT aggregation / aggregation of data flows via at least Dual Connectivity between LTE and NR, supporting both collocated and non-collocated site deployments.
Different RRC features exploiting Dual Connectivity in LTE have been studied in [6] and the C-plane alternatives shown in Figure 2 should be revisited when studying the LTE – NR tight integration. 


[bookmark: _Ref447299483][bookmark: _Ref447321330]Figure 2 Radio interface C-plane architecture alternatives for dual connectivity
For the control plane, RAN2 decided in the context of Dual Connectivity for LTE that the UE maintains only a single RRC Connection towards the RAN even though the UE has serving cells with two eNBs (MeNB and SeNB). That solution enables a fast setup of the secondary eNB via a single RRCConnectionReconfiguration message. The setup time should be as fast as (preferably shorter than) the existing one for intra-LTE dual connectivity. A single RRC connection also enables a low complexity state handling at the UE. Dual connectivity is simply seen as a configuration for RRC connected state which does not require the establishment of a new state machine. A low complexity state handling shall also be supported for the multi-RAT integration.
It should also be taken into account that in order to efficiently use the resources from NR and LTE the solution should allow a fast establishment of Dual Connectivity either when the UE is in NR or when the UE is in LTE. This should be supported in order to allow the network to quickly use available resources according to the dynamics of the traffic.
[bookmark: _Toc447314852][bookmark: _Toc447323676][bookmark: _Toc447326000][bookmark: _Toc447326223][bookmark: _Toc447328770]The RRC design for the tight integration should allow a quick secondary RAT establishment of NR or LTE (at least as quick as current Release 12 solution) and low complexity state handling.
Aside from aggregating carriers in different eNBs, it was also discussed during the Dual Connectivity study item to support sending RRC messages via both MeNB and SeNB (referred to as "RRC diversity", but due to lack of time it was down prioritized and left out of the work item. However, with requirements on ultra-reliability, low latency and robustness of NR [1] we believe that RRC diversity is an important feature to use. Another reason for supporting RRC diversity is that in the case of high frequency deployments, NR will rely massively on beamforming where fast SINR drops may occur due to link blockage and higher penetration loss.
[bookmark: _Toc447314853][bookmark: _Toc447323677][bookmark: _Toc447326001][bookmark: _Toc447326224][bookmark: _Toc447328771]RRC diversity should be supported by the tight integration of NR and LTE.
Control plane architecture
In this section, potential CP architectures to support interworking are discussed. 
Architecture options 
There are main two architecture alternatives for C-plane in case of LTE and NR tight-interworking, similar to what has been discussed for LTE DC, as follows:
· Single RRC: Only a single entity of RRC generates the final RRC messages to be sent towards the UE. There is a single RRC entity visible to the UE RRC entity, where it receives all messages from that entity and replies back to it. C-plane diversity can be provided by means of PDCP level split and combining. The coordination of RRM functions between NR and LTE RATs is required.
· Dual RRC: Two separate RRC entities can generate RRC messages to be sent towards the UE. Those messages may be sent to the UE via one RAT or both RATs. C-plane diversity can be provided by means of PDCP level split and combining. Local configuration of lower layers is possible. The coordination of RRM functions between NR and LTE RATs is required. 
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Figure 3 Radio Interface C-plane architecture alternatives for LTE-NR interworking
Control plane impact
Common CN/RAN interface and RRC state machine for LTE and NR proposed in [7]as well as common control evolution for LTE and NR are the major drivers for Single RRC architecture option. Furthermore, from the standardization point of view, this could enable the use of existing LTE RRC functionalities for NR C-plane right away with a minimal standardization effort. On the other hand, the local RRC configuration possibility of lower layers and the less backward-dependency to introduce new RRC functions and requirements seem to be major advantages of Dual RRC architecture option.
To present a complete list of pros and cons, 3GPP should study and evaluate the single and dual RRC architecture alternatives in terms of both signaling aspects towards the UE and aspects related to the interworking of LTE and NR.   
Proposal 1 [bookmark: _Toc447314854][bookmark: _Toc447323678][bookmark: _Toc447326002][bookmark: _Toc447326225][bookmark: _Toc447328772]3GPP should study and evaluate single and dual RRC architecture alternatives in terms of both signaling aspects towards the UE and aspects related to the interworking of LTE and NR.
Conclusions 
This contribution identifies technical features necessary to enable the tight interworking between NR and LTE [2] and the following is proposed:
Proposal 1	LTE-NR inter-RAT mobility should target high robustness against packet losses and failures, low interruption delays and low signalling overhead.
Proposal 2	The RRC design for the tight integration should allow a quick secondary RAT establishment of NR or LTE (at least as quick as current Release 12 solution) and low complexity state handling.
Proposal 3	RRC diversity should be supported by the tight integration of NR and LTE.
Proposal 4	3GPP should study and evaluate single and dual RRC architecture alternatives in terms of both signaling aspects towards the UE and aspects related to the interworking of LTE and NR.
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