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1 Introduction

In LTE and earlier generations, RRC is responsible for various functions related to the UE radio resource configuration and control [1].
Also NR will need an RRC protocol and we expect it to support the same basic functions and procedures as defined in LTE RRC. However, also new features and requirements are expected to be supported as discussed in [2]. One such new feature is the tight interworking with LTE. In [5], we propose some requirements and design principles for the tight interworking with LTE. In this contribution we present different RRC architecture options for the tight interworking and discuss those. 

2 Discussion
2.1 RRC architecture alternatives

There are two major architecture alternatives for control plane (CP) when the UE is in DC between NR and LTE, similar to what has been discussed for LTE DC [4]:
· Single RRC connection, and
· Dual RRC connection. 

In RAN93bis meeting, these variants were discussed and it was further considered to be useful to think about following aspects of the solution candidate:

1) Which entity decides RRC configuration of the L2 protocols 
2) Which entity constructs the final RRC message towards the UE
3) How the message is transported over air?
4) Should the MeNB be able to understand the configuration received from SeNB?

We will discuss these alternatives in detail in the remainder of the contribution.

2.2 Single RRC connection
In this option, a UE in LTE/NR DC UE maintains a single RRC connection with the network and has a single RRC state, covering both LTE and NR. On the network side, a single RRC entity coordinates both the NR and LTE CP actions and only a single entity of RRC generates the final RRC messages to be sent towards the UE. There is a single RRC entity visible to the UE RRC entity, where it receives all messages from that entity and replies back to it. In this alternative, even if the MeNB generates the final configuration, it is possible that the SeNB generates the RRC configuration for its own resources as in Dual Connectivity i.e., there can be RRM related X2 coordination before the message is sent to the UE.
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Figure 1 Example of a single RRC connection alternative

As discussed in [5] NR/LTE Dual Connectivity should support both a UE initial access over NR and the subsequent fast setup of an LTE link and the UE initial access over LTE and the subsequent fast setup of NR link. Accordingly, the approach of a “single RRC connection” could allow initial RRC connection signalling to be exchanged with either LTE or NR RAT. 
For these UEs in NR/LTE DC we assume that all the following procedures could be handled by one RRC connection: establishment/modification/release of radio bearers, configuration of L1, L2 and L3 parameters and procedures for both mobility and dual connectivity. In case of LTE-NR dual connectivity setup, the procedure should closely resemble the dual connectivity signalling in LTE. By doing that, as shown in Figure 2, the RRC connection reconfiguration procedure for LTE and NR can be handled within a single-round of RRC message exchange. As an example, Information Elements (IEs) containing the NR configuration can be carried in the Setup Response.

Observation 1 Single RRC connection configures the UE for both LTE and NR with a single RRC state, associated to both LTE and NR.


[image: image2]
Figure 2 LTE-NR dual connectivity setup with a single RRC connection established via LTE-MCG and adding an NR-SCG afterwards. (The reverse direction (NR as MCG, LTE and SCG) would follow the same message sequence.

A single RRC connection, associated to a single RRC entity, can also enable a low complexity state handling at the UE side. That is because the radio resources of the second RAT do not require the establishment of a new state machine. 

Observation 2 A single RRC connection, associated to a single RRC entity, can enable a low complexity state handling at the UE.

It should also be taken into account that in order to efficiently use the resources from different NR nodes or between an NR node and an LTE node, the RRC should allow a fast establishment of multi connectivity and handover either when the UE is in NR or when the UE is in LTE. However, considering that NR will rely massively on beamforming where fast SINR drops may occur due to link blockage and higher penetration loss, RRC diversity feature should be supported along with the single RRC machine to keep the control-plane robustness independent from the link quality and selected carrier. To ensure the reliable handling of the control-plane signalling, PDCP level split/combining of SRB(s) can be used to provide extra reliability (RRC diversity) as proposed in [5].
Observation 3 With the single RRC connection option, signalling can be transported over LTE and/or NR, i.e., RRC diversity feature can be supported.

2.2.1 Specification alternatives

Single RRC Connection option can be achieved by standardization of two major options
· a new release for the LTE RRC specification i.e., TS 36.331, including the new procedures and information elements (IEs) for NR or

· a pair of specifications comprised of a new release of the LTE RRC specification, including containers for carrying NR IEs which are defined in a new NR RRC specification, as well as containers for carrying LTE IEs which are defined in the LTE RRC specification.
The NR IEs may include broadcasted or dedicated system information and security control information elements. In case an RRC function (e.g., RRM) resides in the NR eNB, similarly to the LTE DC signalling, new inter node messages (e.g., carrying radio resource control information elements) between NR and LTE have to be defined. These messages are carried within the RRC containers that need to be specified as well. The details of how these are specified require further study in parallel to the development of NR RRM function.  In addition, it can be discussed later if the containers (especially from the SeNB to the MeNB) are transparent or not. This depends on how RRM function is realized and what is dependency of the RRC configuration in one and another node.

2.3 Dual RRC connection
Dual RRC connection option refers to the protocol architecture option comprised of separate LTE and NR RRC entities where the UE has two RRC end points that it communicates with on the network side. In this option, two separate RRC entities can generate RRC messages to be sent towards the UE and the UE maintains a state for each RRC connection which is a major difference compared to today.
In case of dual RRC connection, it is possible that SeNB configures its own resources directly by sending then RRC reconfiguration. This in principle could reduce latency. However, some coordination should occur between different RRC entities e.g., in order to sustain a single S1 connection and coordinated state transitions between NR and LTE [5]. Furthermore, even though the configuration of e.g., PHY layer has no impact on S1 or state handling, the UE capabilities may still need to be coordinated as they need to be shared between different RATs. All in all, there can be similar amount or even more coordination with Dual RRC connection. The coordination could be e.g., on X2 or RRC protocol level; and the coordination options require further study for the LTE-NR interworking if the dual RRC connection option is the design choice. 
Observation 4 In case of dual RRC connection option, coordination is expected for the RRC messages generated by different RRC entities.
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Figure 3 Dual RRC connection alternative

In this alternative, one could use common Signalling Radio Bearers (SRBs) for the message which handle some common functions (e.g., handover). Common SRB could guarantee in-order delivery of all RRC messages regardless of over which RAT they are transmitted (i.e. the UE behaviour becomes predictable). With this alternative, also a SRB could be further split for transmitting the same RRC message over both RATs. Therefore, as in the single RRC connection option, PDCP level split/combining e.g., for common SBRs could assumed to enable RRC diversity and reliable handling of CP thereof. 
Observation 5 RRC diversity can also be supported for the dual RRC connection option.

Differently from the single RRC connection, there is also possibility to have separate SRBs in this alternative. E.g., there could be a separate SRB to configure RLC/PHY/MAC of NR. 
Observation 6 Dual RRC connection option allows the configuration of dedicated SRB(s) for NR in addition to the common LTE and NR SRBs.

2.3.1 Specification alternatives

As it was described in Section 2.2.1, the discussion on single and dual RRC connection is not necessarily tighten to the discussion about how RRC is specified. To support the dual RRC connection, one could have two separate RRC specifications for LTE and NR or even a single set of specifications (and possibly a third specification for LTE-NR interworking if the coordination aspects left for a separate specification).

2.4 Working assumption proposal for NR/LTE RRC architecture

In case of LTE [6], RAN2 decided in the context of Dual Connectivity that the UE maintains only a single RRC connection towards the RAN even though the UE has serving cells with two eNBs (MeNB and SeNB). It has also been concluded that a single RRC connection also enables a low complexity state management at the UE. In other words, the setup of dual connectivity is simply seen as a configuration for RRC connected state which does not require the establishment of a new state machine. For the same reasons, regardless how the specifications would move forward, the same baseline should also be assumed.
Proposal 1 NR/LTE Dual Connectivity should take a “single RRC connection” as a working assumption.
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Figure 4 A Single RRC connection is proposed as the baseline for the NR/LTE control plane design

3 Conclusion
In section 2 we made the following observations:
Observation 1
Single RRC connection configures the UE for both LTE and NR with a single RRC state, associated to both LTE and NR.
Observation 2
A single RRC connection, associated to a single RRC entity, can enable a low complexity state handling at the UE.
Observation 3
With the single RRC connection option, signalling can be transported over LTE and/or NR, i.e., RRC diversity feature can be supported.
Observation 4
In case of dual RRC connection option, coordination is expected for the RRC messages generated by different RRC entities.
Observation 5
RRC diversity can also be supported for the dual RRC connection option.
Observation 6
Dual RRC connection option allows the configuration of dedicated SRB(s) for NR in addition to the common LTE and NR SRBs.


Based on the discussion in section 2 we propose the following:
Proposal 1
NR/LTE Dual Connectivity should take a “single RRC connection” as a working assumption.
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