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[bookmark: _Ref298777854]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]. 
This contribution discusses means to design the UP to achieve high performing inter-RAT mobility and multi-RAT aggregation 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. Scenarios are shown in Figure 1. 
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[bookmark: _Ref447287132]Figure 1 Typical coverage scenarios for LTE and NR
NR densification might continuously happen however, in order to leverage previous LTE investments operators should have the flexibility to define their spectrum migration strategy (e.g. taking into account the density of NR and/or LTE subscribers) and, at the same time, to efficiently use the radio resources in both RATs e.g. the frequency bands allocated to NR and LTE.
High performing inter-RAT mobility
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. These solutions should target the following:
· High robustness against packet losses (lossless), handover failures and radio link failures ;
· 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 [4]. However, a handover from one RAT to another requires the full re-establishment of the UP protocol stack in the other RAT. Intra-LTE mobility, on the other hand, has the advantage of benefiting from existing LTE-PDCP functions to handle lossless mobility (through data forwarding and retransmission of PDCP SDUs during handovers) and the possibility to have the PDCP context being continued which might reduce the interruption delays. Intra-LTE mobility also benefits from the fact that a common Core Network connection (for both UP and CP, S1-C and S1-U) exists so that intra-LTE handovers have also the possibility to be transparent to the CN. That would be an advantage especially in co-located deployments of LTE and NR. 
Mobility between NR and LTE should target at least the same performance as intra-LTE 
Multi-RAT Aggregation
According to [2] the RAN architecture shall support multi-RAT aggregation of data flows via at least Dual Connectivity between LTE and NR, supporting both collocated and non-collocated site deployments. Considering the requirements for high performing inter-RAT mobility, features enabled by Dual Connectivity could be a way to achieve extreme gains such as lossless inter-RAT handover with interruption delays down to zero for multi-radio UEs (the previous case presented in 2.1.1 might still relevant for single-radio UEs that cannot connect to both RATs simultaneously).
Additionally, multi-RAT aggregation between NR and LTE can be essential to allow multi-radio UEs to benefit from a fast switching between NR and LTE or using simultaneous UP flows via aggregation. This will allow multi-radio UEs to connect to both high and low frequency cells and to enjoy a boost of throughput (via NR cells) and reliable/robust coverage (via low frequency cells). 
Dual Connectivity alternatives for LTE have been extensively studied [5]. Solutions shown in Figure 2 have been standardized in Release 12. Rel-12 Dual Connectivity supports a switched bearer type (called 1A sometimes) where all the traffic of the bearers is going via the SeNB. Also downlink split bearers are supported where part of the downlink traffic is sent via the MeNB and part is sent via the SeNB and the data is split at PDCP-level. In Rel-13 it was also added support for splitting the uplink traffic of a bearer over the MeNB and SeNB. These should be considered as a starting point for LTE and NR multi-RAT UP aggregation, which should support at least the solutions shown in Figure 2.
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[bookmark: _Ref447287174]Figure 2: Protocol architecture for Dual Connectivity Rel-12
LTE-NR multi-RAT aggregation should target at least split PDCP and direct routing
 
UP Design
Single PDCP protocol for NR and LTE
The simplest way to achieve a high performing inter-RAT mobility between NR and LTE would be to define a single PDCP layer for both LTE and NR i.e. a single PDPC specification and a single evolution track for both LTE and NR. This single PDCP could be the LTE-PDCP that is enhanced to also rely on services from NR lower layers or, a new NR-PDCP specification that has LTE-PDCP as a starting point. In any of these cases, a handover between LTE and NR could possibly benefit from a continued PDCP context and retransmission of PDCP SDUs. In addition to the LTE-PDCP functions associated to the support of high performing mobility, other PDCP functions such as header compression and decompression, in-sequence delivery will also be needed by NR. Therefore, a single PDCP seems to be a reasonable starting point for the UP design to achieve a high performing inter-RAT mobility. This is shown in Figure 3.
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[bookmark: _Ref447309460]Figure 3 Single PDCP for LTE and NR with single specification and evolution track

A single PDPC is also beneficial to multi-RAT aggregation solutions, where PDCP PDU routing for transmission and PDCP PDU reordering for reception functions from LTE-PDCP could be reused. In that case, either NR or LTE should possibly be defined as the RAT where the flow is split. Therefore, it seems reasonable to start studying how the LTE-PDCP can rely on services from the lower layers of NR, as shown In Figure 6. In the figure LTE-e 
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Figure 6 Dual Connectivity solutions with a single PDCP
Assume for the UP a common PDCP for LTE and NR, based on LTE-PDCP with either LTE or NR possibly being MCG and/or SCG or bearer/flow split
Study how LTE-PDCP can rely on services from NR lower layers and support flow split

Separate PDCP protocols for NR and LTE
Another possibility would be to define LTE-PDCP and NR-PDCP as two independent protocols with their own specifications. In principle, this alternative provides a high flexibility to design NR-PDCP in a different way compared to LTE-PDCP. However, as it has been discussed, LTE-PDCP functions should anyway be supported in NR so the need for that flexibility becomes very unclear. Independent PDCPs for NR and LTE should be considered FFSs in the case fundamental design changes for NR-PDCP are identified. 
To fulfill the targets of high performing inter-RAT mobility LTE-PDCP should be designed to possibly rely on services from NR lower layer and NR-PDCP to rely services from LTE which could lead to complex interworking procedures to allow PDCP continuity. In order to support the Dual Connectivity solutions from Release 12 either LTE-PDCP or NR-PDCP should be design to support split bearer.
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Figure 4 Solutions for independent PDCPs
Conclusions 
From the UP design perspective a tight integration between LTE and NR consists of the design of a single PDCP protocol framework. 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 similar is expected in NR. Hence, tight interworking of LTE and NR on MAC or RLC level would require very low latency backhaul and could therefore not be used for “non-collocated site deployments”. For Dual Connectivity and WLAN aggregation it has therefore been decided to use PDCP as common protocol layer and to separate the stack underneath. Even though also PDCP is quite tightly coupled to RLC, the interface to RLC can cope with longer delays. The following is proposed regarding the UP design of a tight integration between LTE and NR:
1. Mobility between NR and LTE should target at least the same performance as intra-LTE
1. LTE-NR multi-RAT aggregation should target at least split PDCP and direct routing
[bookmark: _GoBack]Assume for the UP a common PDCP for LTE and NR, based on LTE-PDCP with either LTE or NR possibly being MCG and/or SCG or bearer/flow split
Study how LTE-PDCP can rely on services from NR lower layers and support flow split
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