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1
Introduction
In RAN#71 meeting, the SID proposal RP-160671[1] was approved to develop an NR access technology to meet a broad range of use cases with different requirements. Multi-connectivity is a promising technique in NR-NR to improve the throughput and reliability. This contribution provides an overview of multi-connectivity technique from control plane perspective.
2
Principle for control plane design in NR
Low latency has become an important KPI in NR technology from both control plane and user plane perspective, and this applies to multi-connectivity as well. This may refer to shorten the access time in NR system during multi-connectivity operation, and may also refer to reduce the delay of all control plane procedures (e.g. radio configurations) in multi-connectivity between UE and network, to improve the performance of the whole NR system.
Reliability is also one of the key requirement in NR, i.e. how to achieve ultra-reliability in multi-connectivity from network and UE’s perspective. Expectation would be that e.g. UE in NR could have much less RLF than legacy RATs e.g. LTE, and this could meet the requirements from ultra-reliable services such as V2V communication, autonomous driving....etc. which is an important use case in NR era. Supporting such services from the user plane perspective also require the control plane protocol stack to support a high degree of reliability and at the same time being efficient from the signalling procedure point of view.
Considering low latency (e.g. shorter configuration delay) and ultra-reliability (e.g. less RLF) would be important enablers for various services or use cases in NR multi-connectivity, we have the following proposal:
Proposal 1: In NR multi-connectivity control plane protocol design it is proposed to focus on how to improve the latency of control plane procedures (e.g. to enable a shorter configuration times for the radio), as well as enhance the control plane robustness (e.g. reduce the RLF).
3
Potential multi-connectivity control plane architecture in NR
3.1
Dual connectivity  

A lot of background investigations were performed during the dual connectivity study item phase on the topic of control plane architecture. Hence it is proposed that the techniques identified for dual connectivity must be taken into account during the discussion of NR-NR multi-connectivity as an important reference and benchmark for NR-NR multi-connectivity. We reiterate, for the sake of efficiency, potential control plane options captured in [2] as follows:
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Figure 1: control plane options in Dual connectivity
The Control plane option 1 is adopted in dual connectivity but Option 2 also has some potential advantage such as shorter configuration delay though the merits and demerits were not fully investigated in details during the study of dual connectivity schemes. Considering NR requirements on low latency, the option 2 looks promising depending on the actual use case and scenarios in NR deployments, hence it is proposed to evaluate more on control plane based on Option 2 ([4]) for NR-NR deployment multi-connectivity.
Proposal 2: A control plane architecture based on Option 2 in the TR 36.842 should be used as the starting point for NR-NR multi-connectivity CP architecture evaluations.

3.2
Control plane reliability 
Control plane robustness of dual connectivity depends on a single point failure i.e. PCell in MeNB, which means that once the radio link between MeNB and UE is lost, UE will report RLF even if the radio link between SeNB and UE is still in good condition. There’s one but only one transmission path between UE and network for control plane procedures, i.e. between UE and MeNB. This would simplify a lot in LTE times for control plane architecture but also lose some robustness in some cases where UE has good connection with SeNB. 
As foreseen NR will have much shorter TTI than LTE hence NR radio link will have more risk of RLF during mobility procedures, and if we would like to realize ultra-reliability in NR multi-connectivity, we need to improve the control plane reliability over dual connectivity as well in NR control plane design ([3]). One possible solution is that we could activate multiple transmission path between UE and network for all control plane procedures, e.g. not only between UE and MeNB, but also between UE and SeNB, this provides the flexibility for network to deliver control plane messages to UE whenever needed. In this way as long as one of the multiple links between UE and network is available, UE will not lose the control plane connection with network hence enjoying a more reliable connection in NR system. Also see [5].
Proposal 3: Exploiting multi-connectivity for the control plane data should be considered in NR-NR multi-connectivity to improve the control plane reliability.
4
Summary 
Based on above discussions we have following proposals:
Proposal 1: In NR multi-connectivity control plane protocol design it is proposed to focus on how to improve the latency of control plane procedures (e.g. to enable a shorter configuration times for the radio), as well as enhance the control plane robustness (e.g. reduce the RLF).
Proposal 2: A control plane architecture based on Option 2 in the TR 36.842 should be used as the starting point for NR-NR multi-connectivity CP architecture evaluations.
Proposal 3: Exploiting multi-connectivity for the control plane data should be considered in NR-NR multi-connectivity to improve the control plane reliability.
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