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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 secondary send messages directly to UE over the secondary radio (e.g. an SRB on the secondary) [1]
· FFS: Whether NR RRC messages generated by NR node are final RRC messages[2]

During RAN2#95bis meeting, we had the following agreements [3]:
1: Agree the following principle: the master node and the secondary node only need to use own RAT UE capabilities (which will include some other RAT capabilities relating to the interworking). At least for the initial configuration of interworking case these are provided on the master node RAT or from core network
2: Allow gNB to format NR RRC PDUs for the UE configuration.

Even though it is agreed to allow gNB to generate final RRC message, it is still unclear what RRC architecture could be used for interworking. In this contribution we discuss the above issue. 
Discussion
Architecture Options for LTR-NR Tight Interworking
As for the RRC architecture, there are two options: “Single RRC” and “Dual RRC”:
In “Single RRC” option, a UE maintains only a single RRC connection with the network under a single RRC state, and on the network side, a single RRC entity coordinates both the NR and LTE CP actions and only the single RRC entity generates the final RRC messages to be sent directly towards the UE over the relative air interface. Figure 1 gives an example single RRC option where only LTE RRC generates the final RRC message.
In “Dual RRC” option, a UE maintains a single RRC state and receives/transmits RRC signals from/to both network nodes.  On the network side, two separate RRC entities can generate final RRC messages to be sent directly towards the UE over the relative air interface. Figure 2 gives an example of dual RRC option.



Figure 1 Single RRC		 	   Figure 2 Dual RRC
The 5G NR is designed to support much higher data rate and shorter latency than LTE. We think it is beneficial to adopt “Dual RRC” option to allow NR node to generate and send the final RRC messages to UE directly over the new NR radio interface. The observed benefits are:
· Reduced signal transfer and processing latency
Under “Dual RRC” structure, signal delay could be reduced as the RRC message could be sent directly over the high rate and low-latency NR radio interface. Also, as some RRC/RRM functions could be directly decided by NR node without the negotiation between two nodes, the processing delay could be further saved. This results in fast configuration/reconfiguration of NR cell parameters.
· Reduced load on Xn
Under “Single RRC” option, the RRC messages generated by the secondary node have to be forwarded to the master node over Xn interface. This increases Xn interface load unnecessarily and further increases network implementation difficulties.
· Quick NR mobility procedure
NR radio supports higher frequency with relative much smaller coverage. The mobility management is expected to be a challenge. Thus it is beneficial to allow NR secondary node to have direct control of the intra-NR node mobility. This could allow the enhanced mobility function in NR specification to be re-used to reduce the unnecessary work load on LTE, and a timely processing by NR node without the evolvement of LTE node.
· Reduced implementation difficulties
For “Single RRC” option, if LTE master node is required to comprehend full or part of RRC messages generated by the NR eg. parameter coordination purposes, LTE implementation is impacted by the introduction of new feature in NR.  And what’s more important, LTE specification is tightly coupled with NR specification and cannot be progressed alone. Every time NR RRC specification changes, the LTE functions and specifications should also be updated accordingly.  This results in increase of the system maintenance cost.
Observation 1: “Dual RRC” structure provides more flexibility and freedom for NR specifications to be developed independently and it is an advantage in support of forward compatibility.
· Balanced load and more clear function splitting
Under “Dual RRC” structure, the RRC/RRM functions could be distributed between LTE and NR node, signalling processing load could be balanced between LTE and NR node. The RRC signal processing issue would not be a challenge for the existing LTE base stations. It is also likely that multiple NR secondary nodes are connected to a single LTE master node, in that case, the processing requirements at LTE node increase proportionally with the number of NR nodes. 

In LTE DC, single RRC option is adopted. However, we should notice that LTE DC is based on two identical systems, while NR and LTE are quite different in technology, system, offered throughputs and QoS. Simply reuse of “single RRC” architecture in LTE DC is not suitable for LTE-NR tight interworking.
Observation 2: Reusing “Single RRC” option in LTE DC which is designed for two identical systems is not suitable for LTE and NR interworking where two different systems are considered. 
Under “Dual RRC” structure, single RRC state is considered and used. For scenario where LTE as master and NR as secondary, the UE state is only decided by LTE state. The NR RRC only takes care of NR specific measurements and mobility functions which do not affect the UE state.
Observation 3: Single RRC state could be maintained for “Dual RRC” architecture based on LTE RRC state and with proper functional split between NR and LTE.
Based on the discussions above, we think “Dual RRC” architecture should be adopted for the LTE-NR tight interworking.
Proposal 1: “Dual RRC” option should be adopted for NR-LTE tight interworking. Both LTE and NR RRC entity at the network generates final RRC messages to be sent directly towards the UE over its air interface.
To support dual RRC, a SRB should be added at NR secondary node.
Proposal 2: A SRB is introduced at NR secondary node for NR-LTE tight interworking.
RRC Functions Split Under “Dual RRC” Architecture
For “Dual RRC” structure, both nodes could generate RRC messages, thus proper function split is needed. For LTE-NR tight interworking scenario where LTE as master node: the NR system information, NR specific measurements and related mobility control usually require fast processing and timely transferring of RRC message, and these sub-functions are NR radio interface dependant. These messages should be handled directly by NR RRC. The same justifications could be applied for the “failure handling”. In a more general sense, all NR “specific” or NR “new” functions should be handled directly by NR RRC. We think at least the following functions needs to be supported directly by NR RRC:
· Updated System Information of NR should be reported to NR RRC directly
· NR specific measurements should be reported to NR RRC directly
· Mobility within NR is controlled directly by NR RRC
· Link failure handling of NR node is handled by NR-RRC
· Other NR specific or  NR new RRC functions should be handled by NR RRC
Proposal 3: Under “Dual RRC” structure, the following RRC messages generated by NR could be transmitted to the UE directly over NR air interface: NR system information update, NR specific measurements, mobility within NR, link failure handling of NR node, and other NR specific or NR new RRC functions.
Conclusion 
It is proposed to discuss and capture the following proposals:
Observation 1: “Dual RRC” structure provides more flexibility and freedom for NR specifications to be developed independently and it is an advantage in support of forward compatibility.
Observation 2: Reusing “Single RRC” option in LTE DC which is designed for two identical systems is not suitable for LTE and NR interworking where two different systems are considered. 
Observation 3: Single RRC state could be maintained for “Dual RRC” architecture based on LTE RRC state and with proper functional split between NR and LTE.
Proposal 1: “Dual RRC” option should be adopted for NR-LTE tight interworking. Both LTE and NR RRC entity at the network generates final RRC messages to be sent directly towards the UE over its air interface.
Proposal 2: A SRB is introduced at NR secondary node for NR-LTE tight interworking.
Proposal 3: Under “Dual RRC” structure, the following RRC messages generated by NR could be transmitted to the UE directly over NR air interface: NR system information update, NR specific measurements, mobility within NR, link failure handling of NR node, and other NR specific or NR new RRC functions.
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