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1	Introduction
In RAN2#94 meeting, it was agreed that functions of LTE RRC are taken as a baseline for NR RRC. However, for NR multi-connectivity, it was neither discussed nor decided how control plane options should be specified with mentioned RRC functions in RAN2#95 meeting. In this contribution, we will have a discussion on the candidate NR multi-connectivity control plane options respectively to identify potential open issues and provide our proposals in the end.
2	Multi-path CP transmission
In [1] we proposed to use DC control plane options (as shown in figure 1) as the starting point for NR multi-connectivity. According to last RAN2 meeting both anchoring and assisting RRC could be assumed to take LTE RRC functionalities as the baseline. 


Figure 1: control plane options in LTE Dual connectivity
For control plane Option 1, this is the baseline because it is similar to dual connectivity and RRC in MeNB assumes full control of all the RRC procedures such as radio configuration, measurement, and mobility. However there’s a variant solution based on control plane Option 1, i.e. the multi-path control plane transmission which allows RRC message travel not only via Uu between MeNB and UE, but also between SeNB and UE, in terms of NR gNB deployment the potential variant is shown in Figure 2 below.


Figure 2: Multi-path CP transmission in NR gNB
In this solution the RRC message could be either transmitted to/from UE via Uu* of M-gNB or S-gNB, for both DL/UL. M-gNB could decide when to trigger this operation depending on e.g. UE measurement report or channel quality of each radio link. This concept was similar to RRC diversity discussed in Rel-12 DC but considering the ultra-reliability requirement in NR it might be possible to extend the scope of this concept not only restricted to handover scenarios but to all control plane transmissions in general.
This multi-path CP transmission would have the mobility robustness gain as well as realize ultra-reliability for control plane messages/procedures since more than one radio link could be utilized to deliver RRC messages. However it is not clear how this would be implemented especially how this works from S-gNB point of view, e.g. how would this RRC message be transmitted to/from S-gNB (Xn-C or Xn-U interface to be used), and how this RRC message would be conveyed via Uu* interface between S-gNB and UE (SRB or DRB to be used). RRC message duplication detection may also be needed in UE side to handle the message duplication case. These open issues should be investigated beforehand to check the feasibility/complexity of this multi-path CP transmission for multi-connectivity in NR.
Proposal 1: It is proposed to study the feasibility/complexity for multi-path control plane transmission in NR-NR multi-connectivity in order to fulfil the requirement of ultra-reliable control plane message transmission.
3	Anchoring and assisting RRC
Due to the fact that NR-NR multi-connectivity may happen between master NR node (operating at low frequency) and secondary NR node (operating at HF), it may so happen that the radio configurations are mutually exclusive (e.g. mutually exclusive UE capabilities). In such a situation, the macro and small cell nodes could be allowed to control their radio resources in a semi/fully independent manner. 
As an important reference and benchmark (control plane Option 2 in Figure 1), this option should also be taken into account in NR multi-connectivity study. The most critical difference between this option and control plane Option 1 is that direct configuration is enabled between UE and SeNB via the assisting RRC entity, which might have the benefit of shorter configuration delay (for SeNB related radio configurations) and less signalling overhead (no need for X2AP/XnAP signalling exchange with MeNB), as shown in figure 3 (with the scenario of NR gNB case) below:


Figure 3: Anchoring and assisting RRC

However this will also lead to UE connecting to more than one RRC connections at the same time, and potentially more impact to RRC states (e.g. how does the state machine look like when connecting to both anchoring and assisting RRC at the same time, and how should the state transitions be specified in UE side), and also the complexity of maintaining multiple RRC connection at UE side needs to be studied. 
Furthermore, since the direct radio configuration between S-gNB and UE does not require final checking from M-gNB, whether UE could comply with these configurations requires further investigation as well, i.e. we should identify the possible use cases for such direct radio configuration which does not require M-gNB involvement at all from radio perspective. In the end we need to compare, the efforts needed (to realize the benefit mentioned above) with the gains, and make the final decisions based on the outcome of those investigations. In order to have a full picture of the pros and cons of this option we make the following proposal:
[bookmark: OLE_LINK5][bookmark: OLE_LINK6][bookmark: OLE_LINK4][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Proposal 2: Control plane Option 2 (anchoring and assisting RRC used for dual connectivity) should be further investigated for NR-NR multi-connectivity.
4	Summary 
Based on above discussions we have following proposals:
Proposal 1: It is proposed to study the feasibility/complexity for multi-path control plane transmission in NR-NR multi-connectivity in order to fulfil the requirement of ultra-reliable control plane message transmission.
Proposal 2: Control plane Option 2 (anchoring and assisting RRC used for dual connectivity) should be further investigated for NR-NR multi-connectivity.
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