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Introduction
During RAN2#94 and RAN2#95 meeting, some basic principles of RRC for LTE-NR tight interworking were agreed, however there are remaining issues, such as: [1]:
· Can a single message generated by master/secondary node be transported over both master and secondary radio
In this contribution we discuss the support of RRC diversity issue.
Discussion
 “RRC Diversity” was proposed by quite a few companies [2][3]. The RRC messages generated by one node could also be transported by another node over its air interface. Figure 1 gives an example of RRC diversity where the RRC messages from both LTE and NR nodes are delivered on both LTE and NR air interfaces.


Figure 1: RRC diversity
The RRC diversity feature could provide the following benefits:
· High reliability for RRC signalling transmission
In mobile communication system, signalling has higher priority than normal user data which requires more reliable transmission scheme. With RRC signal transmitting over LTE and NR radio interfaces, the reliability and robustness of RRC signal could thus be improved by the diversity gain. And in 5G, one of identified use cases is URLLC. Although this refers to user data not signalling, but in order to ensure the data transmission reliability, the related signalling transmission reliability should also be guaranteed.
· Reduced latency for RRC signal
NR radio interface is likely to have very small TTIs, thus may support much lower channel access and transmission delay for signal. Therefore, the RRC signal delay is possible to be reduced by RRC diversity (backhaul delay is assumed to be small). Another scenario to consider is that, when one node is congested and the signal transfer is also affected, the RRC diversity feature could allow flexibility of using the other node which may have light load to deliver the important RRC messages, so that the latency due to congestion can be avoided.
· Efficient usage of the resources from different nodes
As discussed in the above scenario, the two nodes may often be different for load and signal quality conditions. The “RRC diversity” feature allows a more efficient usage of the resource of the “better” node to provide the “diversity gain” for the important RRC messages.
Based on the discussions above, for the LTE-NR tight interworking structure where LTE as master node and NR node as secondary node, it is beneficial if the LTE master node’s RRC message could be transported by the NR secondary node. We have the following proposal:
Proposal 1: RRC messages generated by LTE master node should also be transmitted over NR air interface by NR secondary node to achieve RRC diversity for LTE-NR tight interworking.
For the implementation of RRC diversity, there are two possible options:
Option 1:  Layer 2 based forwarding
Option 2:  Layer 3 based forwarding
In option 1, the RRC messages from one node is forwarded to the other node at PDCP layer, just like the forwarding of data PDUs of split bearer under 3C architecture. The other node then forwards the RRC messages over its air interface to the receiving UE, and the PDCP layer at the UE performs duplication detection. 
In option 2, the RRC messages from one node is encapsulated into the RRC container and forwarded to the other node’s RRC layer over Xn interface. The other node then forwards the RRC messages over its air interface to the receiving UE, and the RRC entity at the UE performs duplication detection.
Option 1 is simpler than option 2 and can re-use the existing UP functions without many impacts to existing functions or specifications. While option 2 has impacts to existing RRC functions and the transmission efficiency is lower. Therefore option 1 is recommended.
Proposal 2:  RRC message generated by LTE master node is forwarded to the NR secondary node at PDCP layer and the PDCP layer at receiving UE is responsible for the duplicate detection.
For the same scenario in LTE-NR tight interworking structure where LTE as master and NR node as secondary, if “Dual RRC” architecture is adopted, which means the NR secondary node could also generate the final RRC message on its own, it needs further discussing whether the RRC message from NR secondary node could also be transmitted by LTE. This increases the Xn interface load and what’s more, it is not clear yet if transmitting NR RRC message over the LTE air interface will help to reduce the signal delay. Further study on the necessity to support RRC diversity for RRC messages generated by NR secondary node is needed if dual RRC protocol is adopted for NR.
Proposal 3: Whether RRC message generated by NR secondary node should also be transmitted over LTE air interface by LTE master node to achieve RRC diversity for LTE-NR tight interworking could be studied later (when RRC protocol architecture issue is resolved).
Another issue to consider is the UL situation. RRC diversity could also be utilized for UL where UE could send the RRC messages over both air interfaces of NR and LTE. However, this increases UE implementation complexity and the benefits are not that obvious as most important RRC messages are DL oriented. We think the benefits and support of RRC diversity in UL could be studied further. 
Proposal 4: Whether RRC diversity could be supported for UL needs further investigation.
Conclusion 
It is proposed to discuss and capture the following proposals:
Proposal 1: RRC messages generated by LTE master node should also be transmitted over NR air interface by NR secondary node to achieve RRC diversity for LTE-NR tight interworking.
Proposal 2:  RRC message generated by LTE master node is forwarded to the NR secondary node at PDCP layer and the PDCP layer at receiving UE is responsible for the duplicate detection.
Proposal 3: Whether RRC message generated by NR secondary node should also be transmitted over LTE air interface by LTE master node to achieve RRC diversity for LTE-NR tight interworking could be studied later (when RRC protocol architecture issue is resolved).
Proposal 4: Whether RRC diversity could be supported for UL needs further investigation.
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