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1. Introduction
At RAN2#94 meeting, principles for LTE-NR tight interworking were discussed and some basic agreements were made.  Open issues of RRC for tight interworking were further discussed in Email discussion [1]. Dual connectivity is discussed as a main method for enabling LTE-NR tight interworking. Legacy LTE DC forms a starting point for the LTE-NR interworking support. Some simplifications were introduced during the legacy LTE DC design for various reasons. However the validity of these simplifications for LTE-NR tight interworking should be re-evaluated considering the differences of the LTE and NR RATs and deployment scenarios.

In this contribution, we analysis the following three general issues for LTE-NR interworking support using DC.

· Tight interworking support between LTE and NR on the same frequency 
· Support of DC with multiple SeNBs

· Support of SeNB addition without DRB configuration.
2. Discussion
Interworking support between the LTE and NR on the same frequency 
Even though, many of the technologies being researched for 5G are inherently better suited to being deployed in very high frequency bands, there is also a requirement on support of 5G with wide area coverage which requires 5G deployment in low frequencies. It is expected that spectrum below 1GHz to be needed in many countries to improve mobile broadband coverage. The spectrum needs for 5G might therefore encompass a range of existing and new bands. Then the question is whether there is a need for support of LTE and NR tight interworking with existence of LTE and NR on the same frequency. 

Proposal 1: RAN2 to discuss the need for support of LTE-NR tight interworking support between LTE and NR on the same frequency.

Legacy DC has being used as the starting point of discussion on LTE-NR tight interworking. Intra-frequency DC was not considered for legacy LTE. That is because of the mechanisms such as eICIC, fICIC were already used in LTE system at the time of introduction of DC to fulfill the system capacity enhancement. The same reasoning does not hold any more for the tight interworking support between LTE and NR.  Rather than introducing another mechanism for support of intra-frequency LTE-NR tight interworking, we think intra-frequency DC could be investigated for support of intra-frequency LTE-NR tight interworking if there is a requirement to support intra-frequency LTE-NR tight interworking. 
Proposal 2: If intra-frequency LTE-NR tight interworking support is required, it is proposed to use intra-frequency DC.

Support of one or multiple SeNBs 
A simplification was made on the legacy DC design such that only one SeNB is configured to a UE at a time. Mobility anchor concept was discussed during the study of small cell enhancement as a way to improve mobility and reduce signalling load towards CN. This was considered outside of dual connectivity architecture.

For NR, multi-connectivity support is a requirement. Furthermore, NR-NB concept is not yet developed. Only agreement from last meeting is that NR-NB may consist of one or more TRPs. There are several open points:
· definition of NR-NB and its functionalities

· Mobility areas in NR
· Support of multi-connectivity in NR
Depending on discussion of these open points for NR design, the validity of single SeNB for LTE-NR tight interworking should be re-evaluated. 
Control plane protocol design for LTE-NR tight interworking was discussed in [1]. The use of one or many SeNB configurations may have impacts on the design of the control plane protocols. If multiple SeNBs are considered for connectivity and the “single RRC” is adopted for LTE-NR interworking, LTE –MeNB is required to handle multiple ASN.1 messages generated from different SeNBs possibly at the same time. The multi-connectivity supported in NR is transparent to the LTE-MeNB, if “dual RRC” is adopted.  Another discussion point is how to enable parameter coordination between LTE and NR. Multiple SeNB supports or not should be considered for parameter coordination discussion. Complexity from multiple SeNBs has different impacts on different solutions discussed for parameter coordination. Therefore, the support of single or multiple SeNBs has impact on the design of RRC protocols for LTE-NR tight interworking. 
In order to allow for parallel discussions for LTE-NR interworking and standalone NR to progress, certain assumptions should be made with regards to support of multiple SeNBs. One way forward is to assume only one SeNB is seen from MeNB at a time. There may be more than one NR-NBs used for multi-connectivity support in NR system. However, the LTE-MeNB only sees one NR-SeNB and communications over LTE-NR interface is between the LTE MeNB and the NR-SeNB. In other words, the NR-SeNB is acting as a “secondary-master NB”, if more than one NR-NBs are configured for the multi-connectivity support in NR. 
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Figure1: LTE-NR tight interworking with NR multi-connectivity support

Proposal 3: It is propose to make a working assumption that LTE MeNB only sees one NR SeNB at a time in design of control plane protocol for LTE-NR tight interworking. 

Support of SeNB addition without DRB configuration 

Mobility robustness, signalling load reduction and per-user throughput enhancements were the objectives of introduction of dual connectivity in legacy LTE. While mobility robustness and reduction of signalling load towards CN were achieved with the use of MeNB as an mobility anchor and CN-RN interface termination point, primary objective of SeNB is the enhancement of per UE throughput by aggregation of resources from MeNB and SeNB, therefore, SeNB is configured only when there is at least one DRB configured in SeNB. When the last DRB of SeNB is released, SeNB is also released. 

The similar reasoning for configuration of SeNB only when there is at least one DRB is still valid for LTE-NR tight interworking using DC. Even though, QoS architecture and model may be different for NR, RAN2 has agreed to maintain the DRB concept in RAN. Hence the SeNB configuration could follow the legacy behaviour with respect to DRB configuration. Support of RRC diversity is another point to consider. Even if the SeNB configured only for the sake of RRC diversity, a SRB or DRB is required for the transmission of RRC messages over the NR interface. There is no valid reason to deviate from the legacy operation for SeNB configuration where SeNB configured only when there is at least one configured DRB in SeNB.

Proposal 4: SeNB is configured only when there is at least one DRB configured in the SeNB. Release of last DRB will also release the SeNB.

3. Conclusion 
In this contribution, we discussed the possibility of tight interworking support between LTE and NR on the same frequency, support of DC with multiple SeNBs and support of SeNB addition without DRB configuration in LTE-NR tight interworking. The following proposals were made.

Proposal 1: RAN2 to discuss the need for support of LTE-NR tight interworking support between LTE and NR on the same frequency.

Proposal 2: If intra-frequency LTE-NR tight interworking support is required, it is proposed to use intra-frequency DC.

Proposal 3: It is propose to make a working assumption that LTE MeNB only sees one NR SeNB at a time in design of control plane protocol for LTE-NR tight interworking. 

Proposal 4: SeNB is configured only when there is at least one DRB configured in the SeNB. Release of last DRB will also release the SeNB.
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