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1 Introduction

In RAN2#94, it has been agreed for the NR-LTE tight-interworking that 

· UE has a single RRC state machine based on the master, and single control plane connection to CN

· Network has two RRC entities that can generate ASN.1

· ASN.1 generated by the secondary can be transported by the master (at least in some cases, e.g. for first configuration)

On the other hand, some of the aspects remained to be discussed listed below:

· Can a single message generated by master/secondary node can be transported over both master and secondary radio.

· Can messages generated by master node can be transported over the secondary radio.

· Can secondary send messages directly to UE over the secondary radio (e.g. an SRB on the secondary)

· UL cases also to be considered.

Furthermore, not only for the NR-LTE tight interworking but also for the NR multi-connectivity, how control plane messages can be handled among different nodes need to be considered when discussing RRC diversity. 

2 Discussion
In LTE, it was discussed during the Dual Connectivity (DC) study item to support sending RRC messages via both MeNB and SeNB, which is referred to as "RRC diversity". In these studies, it was shown that RRC diversity could provide notable gains in case of multi-layer (inter-frequency) DC scenarios [1]. However, due to lack of time, RRC diversity was down prioritized and left out of the work item. 

In NR, the requirements [2] set on ultra-reliable and low latency (URLLC) services motivate us to revisit RRC diversity once again for multi-layer deployments. In this context, the applicability of a wider set numerologies and larger range of frequencies could even make RRC diversity more desirable feature than before. This is because, for instance, while a lower-frequency LTE layer could provide better control plane coverage, a higher-frequency NR layer, thanks to its envisioned RAT design, may provide faster delivery of a control plane message (e.g., if MeNB is an NR node; or provided that the backhaul is ideal in case MeNB is an LTE node). 

In addition, RRC diversity can particularly help improving mobility robustness in different overlay scenarios including NR-only deployments as discussed within the earlier LTE studies.
Proposal 1 RRC diversity is a feature to fulfil the requirements on URLLC and mobility robustness for NR control plane and needs to be investigated further.

RRC diversity can be enabled by means of different architecture alternatives. On the other hand, it is relatively simple if all control plane messages stem from one common RRC entity on the network side. Otherwise, it would be difficult to process them in the correct order on the UE side. Whether or not processing in the wrong order leads to problems, which need to be investigated on a case by case basis as well.

Whether the split happens on the PDCP layer or below is another question from the architecture point of view. In case of PDCP split, the control plane messages can stem from a common PDCP entity and those can be transmitted through separate RLC/MAC entities per access as defined for splitting the user plane in LTE DC. In this architecture option, there is no major impact to the existing LTE protocols. If the split happens on RLC, there is impact foreseen to the existing RLC design of LTE as discussed within LTE studies, such as node selection at RLC. Therefore, RRC diversity support via PDCP split could be straightforward assumption to support the RRC diversity in case of LTE-NR interworking, which could be also easily applicable for NR multi-connectivity scenario.  

Proposal 2 RRC diversity can be supported with minimal impact to the existing protocols, via SRB split over a common PDCP entity and separate RLC/MAC entities per access, similar to the split bearer architecture in DC.
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Figure 1. RRC diversity realization by PDCP split

RRC diversity is envisioned for both the downlink and uplink control plane transmissions in order to address the aforementioned challenges related to URLLC and mobility robustness. However, how dynamic link selection is realized needs further attention.

When RRC diversity is activated, PDCP PDUs are forwarded either to one lower layer link (i.e., RLC/MAC entity) or both lower layer links by means of the dynamic link selection applied per RRC PDU/SDU or PDCP PDU basis.  While the dynamic link selection rules for the downlink can be left to implementation, for the sake of predictable UE behavior, dynamic link selection rules for the uplink need to be studied and specified. For instance, the signal quality and latency aspects of each link can be taken into account for the rules of dynamic link selection.
Proposal 3 When RRC diversity activated, PDCP PDUs are forwarded either to one lower layer link (i.e., RLC/MAC entity) or both lower layer links by means of dynamic link selection rules applied per RRC PDU/SDU or PDCP PDU basis.

Proposal 4 Dynamic link selection rules for the uplink require further studies. 

3 Conclusion

Based on the discussion in section 2 we propose the following: 
Proposal 1
RRC diversity is a feature to fulfil the requirements on URLLC and mobility robustness for NR control plane and needs to be investigated further.
Proposal 2
RRC diversity can be supported with minimal impact to the existing protocols, via SRB split over a common PDCP entity and separate RLC/MAC entities per access, similar to the split bearer architecture in DC.
Proposal 3
When RRC diversity activated, PDCP PDUs are forwarded either to one lower layer link (i.e., RLC/MAC entity) or both lower layer links by means of dynamic link selection rules applied per RRC PDU/SDU or PDCP PDU basis.
Proposal 4
Dynamic link selection rules for the uplink require further studies.
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