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1. Introduction
In RAN#71 meeting, it was approved to study on NR (New Radio) Access Technology [1] according to the scenarios and requirements for next generation access technologies [2]. One of the requirements of the RAN design for the Next Generation Radio Access Technologies is to support tight interworking between new RAT and LTE. In this contribution, we would like to discuss the possible architectures in different deployment scenarios to support tight interworking between NR and LTE.
2. Discussion
For the purpose of tight interworking between NR and LTE, we believe that the NR access network shall be transparent to LTE CN. As a result, the operators could manage and control both NR system and LTE system simultaneously. Such unified operation is beneficial for the radio resource managements across NR and LTE (e.g., joint RRM) to improve the user throughput and data transmission rate.

Proposal 1: The NR access network shall be transparent to LTE CN.
Assuming that the NR access network becomes transparent to LTE CN, there are two possible deployment conditions to consider. The first one is whether there is an ideal-backhaul between NR site and LTE site. The second one is whether a NR site has an interface (such as S1-MME or S1-U interface in LTE) to the CN (such as MME, S-GW, or data anchor in LTE). In the following discussion, we consider that the LTE site with lower frequency bands provides larger coverage and the NR site with higher frequency bands provides higher data transmission rate.
For spectrum extension, the CA-like technology may be considered once there is an ideal backhaul between NR site and LTE site. However, there are several drawbacks to adopt the concept of LTE carrier aggregation technology. First, it is impractical to ask for the ideal backhaul between NR site and LTE site when considering the deployment cost for the operators. Secondly, LTE site would have to arrange the NR resource which increase the complexity of LTE site implementation. Furthermore, LTE site is required to process LTE PDUs and NR PDUs. Significant impacts on the LTE MAC and the upper layers are unavoidable since the NR system adopts new waveform design and new RAN architecture. Moreover, the UE implementation is much complicated because of the necessity of aggregating the PDUs from different RAT for a bearer. Therefore, the concept of LTE CA technology shall be considered as the second priority.
Alternatively, we could go for the DC-like technology for spectrum extension. Then, ideal backhaul is not necessary for the deployments. LTE site may only need to support the cooperation mechanism with NR site, which means LTE site doesn’t need to have the ability of arranging NR resource and processing NR PDUs. In Rel-12 DC, both the 1A and 3C architectures are supported. 1A architecture is as shown in Figure 1. For a UE under the coverages of both a LTE site and a NR site, low data rate services could keep on LTE link and higher data rate services. e.g., streaming video, could switch to NR link. Since a bearer only corresponds to a single RAT, we can avoid aggregating the PDUs from different RATs for a bearer on the UE side. The UE implementation is simpler for tight interworking between NR and LTE in this way. In case of 3C as shown in Figure 2 which supports split bearers, the UE implementation is more complicated because of aggregating the PDUs from different RATs for a bearer. However, considering the higher probabilities of radio link failure on the NR system in higher frequencies, there is still some benefits to support split bearers to reduce the service interruption time. Therefore, we suggest adopting the concept of LTE dual connectivity for 1A architecture shall be considered as the baseline, and further discuss the benefits of adopting the concept of LTE dual connectivity for 3C architecture.
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	Figure 1. 1A Architecture of Dual Connectivity
	Figure 2. 3C Architecture of Dual Connectivity


Proposal 2: The concept of LTE dual connectivity for 1A shall be considered as the baseline for tight interworking between NR and LTE.
Proposal 3: The concept of LTE dual connectivity for 3C could be considered for tight interworking between NR and LTE if it is beneficial.
Proposal 4: The concept of LTE carrier aggregation is considered as the second priority in case of the existence of ideal backhaul between NR site and LTE site.
In the condition of no interface to CN for a NR site, the concept of anchor-based mechanism shall be considered as the baseline. Anchor-based mechanism was once discussed in Rel-12, which is proposed with the intention to reduce/hide signalling load towards CN by hiding subsequent mobility involving SeNBs. By adopting the anchor-based mechanism as shown in Figure 3, the operators could lower CAPEX especially in hotspot areas with large number of NR sites. A NR site without interface to CN may anchor on a LTE site or a standalone NR site with interface to CN based on different deployment scenarios. Accordingly, such (plug-and-play) NR site could still provide the services to the UE camped on it.
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Figure 3. Anchor-based Architecture
Proposal 5: The concept of anchor-based mechanism shall be considered as the baseline for a NR site without interface to CN, and the anchor could be a LTE site or a standalone NR site.

3. Conclusions
In this contribution, we give the following proposals for tight interworking between NR and LTE.
Proposal 1: The NR access network shall be transparent to LTE CN.

Proposal 2: The concept of LTE dual connectivity for 1A shall be considered as the baseline for tight interworking between NR and LTE.

Proposal 3: The concept of LTE dual connectivity for 3C could be considered for tight interworking between NR and LTE if it is beneficial.

Proposal 4: The concept of LTE carrier aggregation is considered as the second priority in case of the existence of ideal backhaul between NR site and LTE site.

Proposal 5: The concept of anchor-based mechanism shall be considered as the baseline for a NR site without interface to CN, and the anchor could be a LTE site or a standalone NR site.
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