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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 interworking 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 RAT [2]. 
This contribution proposes design principles for Control Plane (CP) design of the NR/LTE tight interworking solution to achieve a high performing inter-RAT mobility and an efficient multi-RAT aggregation via dual connectivity.
Discussion
High performing mobility from LTE to NR and from NR to LTE
CONNECTED UEs
As captured in [1][2] the NR-LTE tight interworking solution should aim a high performing inter-RAT mobility, even in the case where NR/LTE dual connectivity is not applicable e.g. for non-capable UEs and/or in scenarios the network does not find suitable. For active UEs, high performing inter-RAT mobility can be translated in high robustness against packet losses (lossless), handover (HO) and radio link failures (RLF); low interruption delays (seamless) and low signaling overhead in the radio interfaces (i.e. LTE and NR) and in the network side. From the proposed deployments for NR and LTE in the RAN2 email discussion “[93bis#23][NR] Deployment scenarios (DOCOMO)” one can conclude that there will be scenarios with either LTE or NR as coverage islands, as it can be seen from scenarios 1.1 and 1.2 below.


[bookmark: _MON_1520923895]				
Scenario 1.1:		LTE-NR collocated (variants: LTE micro/NR micro and LTE macro/ NR macro) 
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Scenario 1.2:		LTE-NR non-collocated, overlapped (variants: LTE macro, NR micro and vice versa)


Scenario 1.3:		LTE-NR non-collocated, non-overlapped (LTE outdoor macro, NR indoor micro)
For these scenarios with overlapping coverage an active UE within the LTE coverage and moving towards the NR coverage should be able to efficiently start to use the NR resources to benefit from the NR features (e.g. lower latency, higher reliability, etc.). Similarly, an active UE within the NR coverage and moving towards the LTE coverage should be able to efficiently switch to LTE in the case the network finds it necessary e.g. when load balance should be performed.
[bookmark: _Toc447314850][bookmark: _Toc447323674][bookmark: _Toc447325999][bookmark: _Toc447326222]Inter-RAT mobility from LTE to NR and from NR to LTE should have high robustness against packet losses and failures, low interruption delays and low signalling overhead including the case where the UE is not in NR/LTE Dual Connectivity.

One possible solution candidate for inter-RAT mobility could be “release with re-direct”. However, it is well known that these would lead to service interruptions, packet losses, access delays, since the UE essentially would need to re-attach at every transitions and it would not be possible to benefit from RAN level integration.
Observation 1: Inter-RAT mobility relying on “release with re-direct” cannot fulfil the requirements for high performing inter-RAT mobility from LTE to NR and from NR to LTE.

Another solution candidate for inter-RAT mobility could be the existing inter-RAT handovers via the CN, currently supported between LTE and UMTS [4]. However, the procedure has been designed mainly to enable service continuity rather than high performing inter-RAT mobility. It is also well known that CN mobility is a quite complex procedure where the UE context is transferred and “translated” between one RAN/CN instance to the other, which impacts the UE, the RAN and the CN. It also involves quite a lot of signalling between CN and RAN which limits the possibilities to benefit from co-located deployments and increases the chances of error cases and the complexity to fulfil the requirements listed above. More details about the impact of the CN-based mobility can be found in [5].
Observation 2: Inter-RAT mobility relying on CN-based inter-RAT handover, as between UMTS and LTE, involves a lot of network signalling which would make very challenging to fulfil the requirements for a high performing inter-RAT mobility procedure.

The third solution candidate and the most promising to fulfil the high performing requirements is an inter-RAT mobility procedure RAN-based which 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, for example, 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, scenario that should be supported. Even without further analyses, terms such as tight interworking and high performing mobility [1][2] obviously suggest something “better” for LTE and NR interworking. In addition to these, solutions could be inspired in the intra-RAT mobility solutions studied in the past designed to support high robustness against packet losses (lossless), handover (HO) and radio link failures (RLF); low interruption delays (seamless) and low signaling overhead in the radio interfaces (i.e. LTE and NR) and in the network side.
Inter-RAT mobility from LTE to NR and from NR to LTE should be RAN-based.

Inactive UEs
In LTE, inactive UEs are optimized for energy savings and have no data activity. Mobility in that state has the purpose to facilitate the network to contact the UE (typically via paging) and to support the transfer of the UE context within the RAN, in the case of state transitions based on Suspend/Resume [6]. The UE can move across multiple LTE cells without notifying the network as long as it is in a pre-configured set of LTE cells belonging to a given tracking area list. One consequence of not notifying the network about every cell reselections is that the network becomes uncertain about the cell it should page the UE. Another consequence is a potentially large delay when the network needs to fetch the UE context from another node when the UE tries to resume its RRC connection in another location. In both cases smart implementations may exist to counter-act these effects. 
As captured in [1][2] the NR-LTE tight interworking solution should aim a high performing inter-RAT mobility. For inactive UEs, high performing inter-RAT mobility means low signaling (on the radio interface and within the network) and optimized UE energy consumption. Considering the same deployment scenarios discussed in the previous session, (e.g. 1.1 and 1.2, with overlapping coverage) an inactive UE within the LTE coverage and moving towards the NR coverage should be able to camp on NR without notifying the network to efficiently start to use the NR resources e.g. in the case of UE access. In the same way, an inactive UE within the NR coverage and moving towards the LTE should be able to efficiently camp on LTE in the case the network finds it necessary e.g. for load balance purposes.
Inter-RAT mobility from LTE to NR and from NR to LTE for Inactive UEs should enable the UE to move across NR and LTE coverage without necessarily notifying the network to minimize the signaling over the air interface.
According to the same scenarios, with and without overlapping coverage areas, there will be cases where the UE is active in one RAT and after going to inactive tries to access the system over the other RAT. When this occurs in the single RAT case there could be delays associated to context fetching so that the same is expected in the LTE/NR tight interworking case. These cases should efficiently be supported with delays as good as in the intra-RAT case when the UE needs to resume its RRC connection. 
Inter-RAT mobility from LTE to NR and from NR to LTE should efficiently support, with low delay for context fetching, both the cases where i) UE is active in LTE and goes inactive, performs inactive mobility to NR and access the system over NR or ii)  UE is active in NR and goes inactive, performs inactive mobility to LTE and access the system over LTE. 

Dual Connectivity between LTE and NR 
According to [2] the RAN architecture shall support aggregation of data flows via at least Dual Connectivity between LTE and NR, supporting both collocated and non-collocated site deployments.
One of the goals of the Dual Connectivity solution is the efficient usage of resources from both LTE and NR e.g. via User Plane (UP) aggregation and/or UP switching. Both the detection of the secondary RAT and its setup are very important procedures to be supported by the Control Plane design. If the setup of the secondary RAT takes too long there will be cases where the UE finishes the transmissions of packets before the establishment. 
In both scenarios 1.1 and 1.2 there will be cases where the UE moves from the coverage area of a single RAT to an overlapping coverage area of LTE and NR. In some variants an active UE within the LTE coverage moves towards the NR coverage island, overlapping with the LTE Macro. To efficiently support these cases the CP design must support a UE initial access over LTE and the subsequent fast setup of NR as the secondary RAT. In the other variants an active UE within the NR single coverage moves towards the LTE coverage island, overlapping with the NR Macro. To efficiently support these cases the CP design must support a UE initial access over NR and the subsequent fast setup of LTE as the secondary RAT.
NR/LTE Dual Connectivity should support both a UE initial access over NR and the subsequent fast setup of an LTE link and the UE initial access over LTE and the subsequent fast setup of NR link.
Aside from UP aggregating and/or switching, it was also discussed during the Dual Connectivity study item to support sending RRC messages via both MeNB and SeNB, but not necessarily simultaneously. However, due to the lack of time it was down prioritized and left out of the work item. This is referred here as "RRC diversity". With requirements on ultra-reliability, low latency and robustness of NR [1] RRC diversity is a feature that should be supported from the beginning. 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.
NR/LTE Dual Connectivity should support RRC diversity.

Conclusions 
This contribution identifies technical features necessary to enable the tight interworking between NR and LTE [2]. The following has been observed:
Observation 1: Inter-RAT mobility relying on “release with re-direct” cannot fulfil the requirements for high performing inter-RAT mobility from LTE to NR and from NR to LTE.
Observation 2: Inter-RAT mobility relying on CN-based inter-RAT handover, as between UMTS and LTE, involves a lot of network signalling which would make very challenging to fulfil the requirements for a high performing inter-RAT mobility procedure.

The following has been proposed:

[bookmark: _GoBack]Proposal 1	Inter-RAT mobility from LTE to NR and from NR to LTE should have high robustness against packet losses and failures, low interruption delays and low signalling overhead including the case where the UE is not in NR/LTE Dual Connectivity.
Proposal 2	Inter-RAT mobility from LTE to NR and from NR to LTE should be RAN-based.
Proposal 3	Inter-RAT mobility from LTE to NR and from NR to LTE for Inactive UEs should enable the UE to move across NR and LTE coverage without necessarily notifying the network to minimize the signaling over the air interface.
Proposal 4	Inter-RAT mobility from LTE to NR and from NR to LTE should efficiently support, with low delay for context fetching, both the cases where i) UE is active in LTE and goes inactive, performs inactive mobility to NR and access the system over NR or ii)  UE is active in NR and goes inactive, performs inactive mobility to LTE and access the system over LTE.
Proposal 5	Proposal 5	NR/LTE Dual Connectivity should support both a UE initial access over NR and the subsequent fast setup of an LTE link and the UE initial access over LTE and the subsequent fast setup of NR link.
Proposal 7	NR/LTE Dual Connectivity should support RRC diversity. 
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