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[bookmark: _Ref298777854]Introduction
3GPP has collected requirements [1] and initiated a study item on a New Radio Access Technology [2]. In parallel, 3GPP has also decided to evolve LTE which can be confirmed by the large number of enhancements proposed for Rel-14, to some extent associated with 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 should 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].
This contribution discusses means to achieve high performing inter-RAT mobility and multi-RAT aggregation between LTE and NR. In order to achieve that we propose the use of techniques like Dual Connectivity and the study of a common PDCP layer for both NR and LTE for the User Plane (UP) design.
Discussion
High Performing inter-RAT mobility
Inter-RAT mobility between LTE and NR may occur quite often in early deployments where full coverage of NR might not be available. Despite the critical importance for early deployments, long term deployments are also very important in order to give mobile operators higher flexibility to define their own spectrum migration strategies. Solutions for high performing inter-RAT mobility between NR and LTE should be studied in order to achieve the following targets:
· High robustness e.g. lossless mobility (packet losses), minimum  handover (HO) failures and RLFs;
· Low interruption delays;
· 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 UTRAN [5]. However, 5G technologies are required to support “high performing inter-RAT mobility”, which is assumed to be better than current inter RAT mobility. It would therefore be desirable to achieve a mobility performance between LTE and NR that is an improvement of what specified for LTE-UTRAN.
Proposal 1:	Inter RAT NR-LTE mobility should allow for short interruption delays (possibly down to zero) and low signaling (enhanced with respect to current intra-RAT mobility)

Multi-RAT Aggregation
In the new study [2] it is required that 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. The latter is part of the requirement to enable tight coordination between LTE and NR. In order to achieve this a Dual Connectivity approach between LTE and NR is taken into account in this section.

User plane impact
Dual Connectivity alternatives have been defined in LTE for the UP, see [5], providing benefits in different scenarios. It seems plausible to think that dual connectivity between LTE and NR in a way similar to what was specified for intra LTE cases would lead to NR-LTE multi connectivity and tight coordination as requested in [1] and [2].
For tight coordination and multi connectivity between NR and LTE, dual connectivity between LTE and NR with both SCG and split bearers should be supported  
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Figure Radio Protocol Architecture for Dual Connectivity
Dual Connectivity alternatives rely on two UP flows, one for the MeNB and one for the SeNB. These alternatives can be achieved either with a single PDCP entity at the MeNB (split bearer case) or by means of two PDCP entities, one at the MeNB and one at the SeNB (SCG bearers). 
Given that the case of split bearers would imply that the NR protocol stack would have to be compatible with the PDCP layer in LTE and given that there are so far no identified reasons from documents such as [1] or [2] to assume that the PDCP layer would change for the NR, it is beneficial to think that the PDCP layer used for LTE and NR could be common. This would allow an easy integration of LTE and NR by means of Dual Connectivity as shown in Figure 2.
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Figure 2 Radio protocol for tight integration of NR and LTE (User plane)

An even tighter level of interworking could be achieved on MAC or RLC level. However, at least in LTE, these protocols are tightly coupled to the physical layer operation and a similar behaviour is expected in NR. Moreover, tight interworking of LTE and NR on MAC or RLC level would require an ideal backhaul with very low latency and would therefore be difficult to use for non-collocated site deployments. 
For this reason, in Dual Connectivity and WLAN aggregation, it has been decided to use PDCP as the common aggregation protocol layer where the protocol stack underneath is split. 
A common PDCP layer is assumed for NR and LTE to allow at least the same Dual connectivity as in LTE 

Conclusions 
This contribution identifies technical features necessary to enable the tight interworking between the new RAT and LTE [2]. The contribution makes proposals that are helpful to progress the work further. It is suggested to agree to the following:
Proposal 1:	Inter RAT NR-LTE mobility should allow for short interruption delays (possibly down to zero) and low signaling (enhanced with respect to current intra-RAT mobility)
Proposal 2	For tight coordination and multi connectivity between NR and LTE, dual connectivity between LTE and NR with both SCG and split bearers should be supported  
Proposal 3	A common PDCP layer is assumed for NR and LTE to allow at least the same Dual connectivity as in LTE 
It is suggested to agree to the following text proposal for TR38.801.
Text Proposal
---------------------------------------Start of Changes---------------------------------------
[bookmark: _Toc449541130]7	Radio access network procedures for New RAT
Editor’s note: Intention is to capture key procedures (e.g. mobility) including message sequences. Interface procedures between RAN and UE can be touched upon to provide a holistic view, but focus in this TR should be more on RAN procedures. Sub-sections can be introduced (per procedure) as discussion progresses.

[bookmark: _Toc449541131]7.1	Tight interworking between new RAT and LTE
For tight coordination and multi connectivity between NR and LTE, dual connectivity between LTE and NR with both SCG and split bearers should be supported, as shown in Figure x. 
Dual Connectivity alternatives rely on two UP flows, one for the MeNB and one for the SeNB. These alternatives can be achieved either with a single PDCP entity at the MeNB (split bearer case) or by means of two PDCP entities, one at the MeNB and one at the SeNB (SCG bearers). 
A common PDCP layer is assumed for NR and LTE to allow at least the same Dual connectivity as in LTE (this is FFS and subject to progress in RAN2)  
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Figure X Radio protocol for tight integration of NR and LTE (User plane)

[bookmark: _Toc449541132][bookmark: _GoBack]7.2	Standalone new RAT operation
---------------------------------------End of Changes---------------------------------------
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