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1 Introduction
During RAN#71, a study item (SI) [1] on New Radio (NR) Access Technology was approved.

One objective of the SI is to aim at a single technical framework that supports all identified usage scenarios, requirements and deployment scenarios including enhance Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC).

The SI assumes that work will use a phased approach whereby Phase II specifications should build on the outcome of Phase I. Work related to Phase I should thus be forward looking. Phase II shall meet all requirements for NR.

The SID further mentions that support for tight interworking with LTE as well as standalone NR operation should be studied. Finally, NR should support efficient multiplexing of traffic for different services and use cases on the same contiguous block of spectrum.

TR 38.913 [2] further states that interworking using at least dual connectivity between LTE and NR should be supported for collocated and non-collocated site deployments for mobility and aggregation of data flows. Separation of control and user planes should be enabled as well as flexible splitting of L2 processing across central and remote access nodes.

General aspects of control plane architecture for NR were discussed in RAN2#93bis. 
This contribution discusses architecture aspects related to the control plane for interworking between LTE and NR Access.
2 Control Plane Aspects for LTE+NR interworking 
Different deployment scenarios have been identified and proposed by several companies in email discussion 93bis#23 [3], including collocated and non-collocated deployments over ideal and non-ideal backhaul.   
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Figure 1: LTE + NR  deployment scenarios
To support the different tight interworking deployments between NR and LTE, dual connectivity should be used as a starting point.  In this contribution we discuss the different dual connectivity principles and analyze the implications/impacts of adapting those principles to LTE+NR. 
As a design principle, RAN2 should progress the work on LTE+NR interworking aiming at a single technical framework that leads to minimal impacts to existing LTE protocols and already deployed LTE nodes. For the control plane, RAN2 should thus strive to minimize impacts to the LTE RRC protocol while ensuring that new NR requirements, usage scenarios, and procedures are supported within this framework.     

Observation 1: Impacts to the LTE RRC protocol and its procedures should be minimized when supporting tight integration with NR. 

Observation 2: As a design principle, whenever possible, a clear and modular separation between the LTE RRC and the NR-specific control plane procedures should be used. 
For LTE DC the RRM/RRC functionality is distributed over different nodes and each node is primarily responsible for UE’s resource configuration and allocation.  The resource configuration from the SeNB is based on a number of information exchanged between the MeNB and SeNB.  Once the final configuration is provided to the MeNB, in DC, the MeNB is required to understand UE’s configuration, take it into account when configuring its own resources, and embed the information in the final RRC message.

Therefore, using the LTE DC approach would require the LTE MeNB to understand the NR configuration parameters.  However, NR shall support standalone operation and will be designed as a new non-backward compatible radio access. The design is expected to introduce a new physical layer interface as well as layer 2 protocols and procedures that will support a wide range of diverging requirement. Therefore, NR control plane procedures, configuration parameters and function distribution may be significantly different from LTE. 
To minimize complexity, LTE RRC should not be required to understand the NR specific control plane messages received by the NR node. The LTE RRC can handle the NR IEs as transparent containers when LTE RRC is used to configure the NR.  

Proposal 1: LTE RRC shall not be required to understand NR-specific control plane signaling or procedures. 
Proposal 2: When LTE RRC configures NR, NR RRC-specific Information Elements should be handled as transparent containers carried by LTE RRC over LTE SRBs.
Even though LTE RRC doesn’t have to understand the NR configuration parameters, it is important that some interaction between the RATs is performed to ensure that UE capabilities are not exceeded. Some UE capabilities that may be shared between LTE and NR can include band combination, power, etc.  

Nonetheless, to avoid increased complexity and overhead it would be desirable that the level of interaction between the technologies is limited.  

Observation 3: Interactions in-between control plane entities shall be minimized and limited to the coordination of UE capabilities such that those are not exceeded.

2.1 Control Plane Architecture for NR with LTE+NR Interworking 
The companion contribution in [5] discusses the responsabilities and functionalities of NR control functions.  The contribution proposes that a number of control plane functions, such as resource allocation, mobility, measurements, link management, etc.,  should be independently controlled by the NR node with minimal interaction between LTE and NR. This would minimize impacts to LTE and allow for independent evolution of technologies.  

Proposal 3: A separate control plane component (e.g. NR-RRC) is introduced in the NR controlling node(s) for NR+LTE tight interworking.
2.1.1 Control plane transport mechanism 

In dual connectivity, even though two RRC components are present in each MCG and SCG, RRC messages can only be transmitted and received by the MeNB.  Prior to deciding to apply the same principles for LTE + NR, it is important to understand the different options and analyze their advantages/disadvantages.

For LTE + NR, after the RRC control messages are generated different transport options can be considered:

1. NR configuration transported over LTE SRBs (e.g. transparent containers)

2. NR control messages transported directly over NR interfaces  
As discussed in [5], to support and meet some of the more stringent requirements related to latency and reliability (e.g. for URLLC) or related to mobility, it would be necessary to allow transmission of some control messages directly over NR. The use of LTE DC principle (e.g. SRB only over MCG) would imply that some use cases would not be supported for tight-interworking. Given that a prioritization exercise has not taken place yet and that RAN WGs are expected support of all use cases by end of phase 2, it is suggested to study the possibility of transmitting control plane messages over NR.

Proposal 4: It should be possible to transmit NR control messages over NR Uu interface.
In order to transport control messages over NR, the NR L2 protocol and security/integrity protection may need to be ready and completed from a specification point of view. Such requirement may imply a potential delay to initial deployments of tight NR + LTE.  Another option to speed up initial deployments is to use the LTE security at least for tight interworking or consider transmitting some control messages using lower layer protocol signaling.  

In addition to transmitting NR control messages over NR, RAN2 should also allow NR RRC messages to be transmitted over LTE.  This may be necessary for initial access/configuration of NR, for control messages that are not time critical or to allow earlier initial deployments.    

Proposal 5: It should possible for NR RRC messages to be transmitted over LTE using LTE SRBs  
While both transport mechanisms can remain in scope of RAN2, which messages need to be transmitted over which interface can be decided later.   

The principles of this framework assume that NR functions reside in the NR controlling node and are independent from LTE.  Therefore, a common and unified framework that is agnostic to the transport mechanisms of the RRC messages should be considered.  
Proposal 6: The control plane functionality and message definition should be agnostic to the transport protocol used to deliver the final control plane message in case of tight-interworking.
Furthermore, the control plane functionalities required for inter-working, as discussed in [5] e.g. mobility, measurement, configuration, link management etc., are also functions that will be required for the standalone NR case.  
RAN2 should aim to design the common subset of NR-specific control plane procedures for the LTE assisted and stand alone NR together.  Once designed, they can be used in any architecture and the transport mechanism can be decided after the functions are in place.  
Proposal 7: A common control plane framework should be studied for both LTE + NR and for standalone NR. The commong control plane functions should be designed to support stand alone NR and also be re-used for LTE + NR. 
In view of the proposal above, Figure 2 shows a distributed control plane architecture in which a NR control component is present in the NR controlling node
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Figure 2: Control plane architecture for tight interworking between LTE and NR
The control plane architecture above relies on the following principles:
A. NR RRC component located in the NR RAN: The NR RRC can terminate NR specific control messages and be responsible for mobility, measurements, configuration, radio resource management, etc.  A common set of functions for NR RRC can be used for tight inter-working and stand-alone. 

B. Transport mechanism: control plane messages can be transported over LTE or over NR directly.  Both options should be studied and enabled, optionally at different phases of the work.  The functions residing in the NR RRC should be agnostic to the transport protocol used.    
C. LTE RRC not required to understand NR specific RRC configuration:  Similar to LTE DC, the NR RRC component provides UE configuration for NR. However, the NR RRC configuration is not understood by the LTE RRC.  The NR specific information elements are transparently carried in LTE RRC message transported on LTE Uu.  The LTE RRC on the UE side is also not required to understand the NR specific RRC configuration and passes the relevant information to the NR RRC protocol layer.  

3 Conclusion

The following proposals related to tight interworking have been made in this contribution:
Proposal 8: LTE RRC shall not be required to understand NR-specific control plane signaling or procedures. 
Proposal 9: When LTE RRC configures NR, NR RRC-specific Information Elements should be handled as transparent containers carried by LTE RRC over LTE SRBs.
Proposal 10: A separate control plane component (e.g. NR-RRC) is introduced in the NR controlling node(s) for NR+LTE tight interworking.
Proposal 11: It should be possible to transmit NR control messages over NR Uu interface.
Proposal 12: It should possible for NR RRC messages to be transmitted over LTE using LTE SRBs  
Proposal 13: The control plane functionality and message definition should be agnostic to the transport protocol used to deliver the final control plane message in case of tight-interworking.
Proposal 14: A common control plane framework should be studied for both LTE + NR and for standalone NR. The commong control plane functions should be designed to support stand alone NR and also be re-used for LTE + NR. 
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