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1. Introduction
At RAN2#93bis meeting, the first RAN2 sessions on 5G NR started in the framework of the newly approved 5G SID [1]. Control plane aspects such as which factors should be taken into account for the design of control plane for tight interworking and migration was briefly discussed but no conclusion was made. 
In this contribution we analyse the potential control plane architecture which could fulfil the requirements of 5G NR and LTE tight interworking support from the architecture, design and functional points of view.

2. Discussion
Deployment scenarios for support of tight interworking of LTE and NR are discussed in [93bis#23]. The following deployment scenarios were identified for support of interworking between LTE and NR. Figure 1 illustrates the LTE and NR non collocated deployment. Both non-collocated and collocated LTE and NR deployments should be considered for tight interworking scenarios. 
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Figure 1: Scenarios for LTE and NR tight interworking (non-collocated)
TR 38.913[2] highlights the requirement for support of tight interworking for LTE and NR as;

The RAN architecture shall support tight interworking between the new RAT and LTE.

        -
Considering high performing inter-RAT mobility and aggregation of data flows via at least dual connectivity between LTE and new RAT. This shall be supported for both collocated and non-collocated site deployments.

One aspect of tight interworking is the support of high performing inter-RAT mobility while another aspect is the support for utilization of radio resources from LTE and NR. There are number of mechanisms considered in 4G to allow for aggregation of resources from different sites and frequency carriers such as CA, DC and LWA. 
As indicated in TR 38.913 [2], at least dual connectivity should be used to support interworking of LTE and NR. While the user plane for support of tight interworking using different solutions is under a separate discussion, the discussion here for control plane is taken independently from the selection of user plane solutions for tight interworking support.
SA2 has started the discussion on support of CN for enabling 5G connectivity. LTE system is designed with support of single CN-RAN connectivity towards a UE. SA2 is discussing on the support of UE connectivity towards 5G RAN (NR and eLTE) and it is yet to decide on whether to follow a single CN-RAN connectivity or multiple CN-RAN connectivity for 5G system. 

The control plane architecture design is investigated with the assumption that only single CN-RAN connection is assumed towards a UE. However if multiple CN-RAN connections are considered for the UE by SA2, the control plane architecture discussion requires a revisit from connectivity point of view.

If only single CN-RAN connection is assumed, either single RRC entity or dual RRC entities could be considered for tight interworking support of LTE and NR. Control plane aspects for dual connectivity support in LTE were discussed in [82#17]. Two options were identified:
-
Option 1(Single RRC): Only the MeNB generates the final RRC messages to be sent towards the UE after the coordination of RRM functions between MeNB and SeNB. The UE RRC entity sees all messages coming only from one entity (in the MeNB) and the UE only replies back to that entity.
-
Option 2(Dual RRC): MeNB and SeNB can generate final RRC messages to be sent towards the UE. And RRC messages generated by MeNB and SeNB are sent directly to the UE and the UE replies accordingly. 
Option 1 was agreed and specified for dual connectivity in LTE. But it is not sufficient to fulfill the 5G requirements. 
5G RAN requires the support of connectivity through multiple transmission points, different options and flexibility for splitting the RAN architecture, deployment flexibility, for example to enable context aware service delivery, low latency services, etc, operation of network slicing, and RAN internal interfaces should be opened to multi-vendor interoperability. Moreover, 5G sets out a very stringent latency requirement (10ms) and stringent requirement on intra-system mobility interruption time (0ms). As discussed in [3], 5G RAN may consist of central units and distributed units and consists of large number of TRPs supporting beam selection, beam sweeping enabling high throughput and efficient resource utilization required in NR. Intra system mobility may be managed through TRPs. All these requirements lead to new design of control plane protocols architecture for NR as discussed in [4] which demands on fast reconfiguration of radio parameters for lower protocol layers in NR.
RRC is terminated at the MeNB according to option 1. If the interworking architecture such that MCG is LTE while SCG is NR, the radio configuration for NR is to be generated by the LTE. Fast reconfiguration of lower protocols of NR may not be achieved due to the latency of the backhaul. Furthermore, LTE RRC is not designed for 5G requirements, hence there is no guarantee that the 5G requirements are met with the RRC messages generated by the LTE RRC in LTE-NR interworking scenario. 
In LTE, scg-Configuration signal carried in RRCConnectionReconfiguration is used to configure and to reconfigure SCG. Depending on the Control plane design for NR taking into account the support of flexible CU-DU functional split [see 4], it is likely that the NR configuration signaling be different from that of scg-Configuration. This means that the modification is required for legacy LTE signaling in order to support new NR as SCG, if Option 1 is adopted. Option 2 has less impacts on legacy LTE considering that the radio configuration for NR is independent from that of LTE. Therefore Option 2 would allow for early deployment of LTE-NR interworking with minimum impact on LTE networks.
Table 1 provides a comparison of Option 1 and Option 2 for tight interworking of LTE-NR deployment.
Table 1: Comparison of control plane protocol architectures for LTE-NR tight interworking support
	
	Option1: Single RRC
	Option 2: Dual RRC

	UE complexity
	· Single RRC entity at the UE
· Seen as single connectivity: Close to the legacy LTE-RRC operation from UE point of view

	Single or dual RRC entity at the UE (modeling issue)
- seen as dual connectivity towards LTE and NR

	Secondary cell parameter configuration
	Longer delay for configuration/reconfiguration of secondary cell parameters.
	Fast configuration/reconfiguration of secondary cell parameters

	eNB processing 
	When considering scenario where LTE connected to many NR nodes, the LTE RRC may be over-burden.
Increased interactions between LTE eNBs and NR over new Xn interface.
	LTE eNB handles it’s own control only.  Small LTE eNB processing impacts. 

	Security aspects
	Single set of security keys- same as the LTE DC system
	Multiple sets of security keys – need further study on the security aspects

	RLF handling on Secondary node (eg: due to integrity check failure, RRC connection reconfiguration failure, other RLF triggers )
	Same as LTE -DC
	May need mechanism for failure recovery 

	Parameter synchronization
	Synchronization between reception of RRC message and reconfiguration of radio parameters for secondary node will be complicated by the non-ideal backhaul latency, fast radio parameter reconfiguration requirements in 5G. 
	No need of additional method for synchronization of the configured parameters.

	Impact to LTE
	LTE RRC may need upgrading to allow for NR RRC functions in cooperated in scg-Configuration
	No impact on LTE RRC. Allows for early deployment of LTE-NR interworking without need to upgrade  LTE networks


Based on the reasons shown above, we believe Option 2: Dual RRC should be considered for RRC protocol architecture for tight interworking between LTE and NR.

Proposal 1: Option 2: Dual RRC should be considered for tight interworking between LTE and NR.
One argument shown by some companies against the use of dual RRC is possible increase of UE complexity in support of two RRC at the UE. However, multiple CN-RAN connectivity is under discussion in SA2. If agreed, multiple CN-RAN may have requirement to support multiple RRC by the UE. On the other hand, whether to support two or one RRC could be seen as a modeling issue, and even though it involves multiple RRC message transmission, this may be modeled as single RRC entity at the UE.
Option 1: single RRC requires secondary node radio parameters to be communicated to the primary node over new X2 interface. Radio parameters are communicated using X2-AP messages in LTE-DC. The parameters signaled in X2-AP messages are used at the primary node to generate RRC messages. Considering the independent RRC design and operation at NR and as well as to avoid the significant impact to LTE RRC, secondary node RRC messages should at least be generated at the secondarily node. If Option 1 is considered, at least the RRC messages generated by the secondary node should be transmitted transparently via the primary node. An example is illustrated in Figure 2.
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Figure 2: Alternative CP architecture for Option 1
This could be seen as a RRC-like entity located at the secondary node. However it is not visible to the UE, hence named virtual RRC. The virtual RRC at the secondary node controls the radio configuration for lower protocol layers at the secondary node and generates RRC messages to be communicated to the UE via primary node. RRC at the primary node generates final RRC message to the UE by encapsulating RRC message received from the secondary node within the final RRC message. This is similar to the legacy HO command transmission.

Even with the introduction of virtual RRC at the secondary node, RRC messages generated by secondary node still experience the backhaul latency on interface between LTE and NR. However, the above RRC protocols design based on virtual RRC at the secondary node can mitigate some of the issues identified with use of single RRC for tight interworking between LTE and NR. Therefore, if Option 1 to be considered in 5G, at least it should allow the secondary node to generate its own RRC messages.  
Proposal 2: If Option 1: Single RRC to be considered for tight interworking between LTE and NR, at least it should allow the secondary node to generate its own RRC messages (as illustrated in Figure 2).  

3. Conclusion

This contribution compares different RRC protocol architecture options for support of tight interworking between LTE and NR. Pros and cons of both single RRC protocol and dual (distributed) RRC protocol options were discussed. The following Proposals are made. 

Proposal 1: Option 2: Dual RRC should be considered for tight interworking between LTE and NR.

Proposal 2: If Option 1: Single RRC to be considered for tight interworking between LTE and NR, at least it should allow the secondary node to generate its own RRC messages (as illustrated in Figure 2).  
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