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1 Introduction
In RAN2#95bis a number of agreements related to the control plane of LTE+NR interworking were reached:

Agreements:

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.

This contribution discusses the key different control functionalities required for interworking between LTE and NR Access, which node should be responsible for the functionality and how the RRC messages can be transported.  .
2 Control Plane Aspects for LTE+NR interworking 
As agreed in RAN2#95, to support the different tight interworking deployments between NR and LTE, dual connectivity will be used as a starting point and the MeNB should not need to modify the NR configuration.  Aspects such as whether NR RRC messages generated by NR node are final messages, transport mechanisms, and RRC functionality are still under discussion.   

2.1 NR RRC messages and transport mechanism

In RAN2#95bis it was agreed that the gNB can format the NR RRC PDUs for the UEs configuration. NR RRC message is therefore a self-contained message that includes all information required by the receiving entity to determine type of RRC message, source, etc. As a result the NR RRC messages and functionalities can be defined and specified independently of LTE. 

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 this contribution, to minimize complexity, allow for independent evolution, and to support and meet some of the more stringent requirements, all the NR control plane functionalities should be handled in the NR node only.  Furthermore, to meet some of the low control plane latency requirements related to mobility, latency, and reliability (e.g. for URLLC) it may be necessary to allow transmission of some control messages directly over NR.  

RAN WGs have been tasked to ensure future compatibility and allow different use cases to be added in the future in a backwards compatible way.  Therefore it is suggested to study the possibility of transmitting control plane messages over NR and to design a future proof system and RAN2 should not preclude direct SRB from the NR study.  

Proposal 1: NR control messages can be transmitted directly over NR Uu interface 
Even though SRB transmission directly on NR interface may not be standardized in the first phase of the WI, we think that the system should be forward compatible and be designed in a manner that would allow direct NR SRB transmission in the future.
Such flexibility can be provided if RRC messages generated by the NR node are full NR messages, as already agreed, and if CP functionalities are independently controlled by the NR node.

Observation 1: Future compatibility for direct SRB transmission can be ensure if CP functionalities are independently controlled by the NR Node
Therefore both transport mechanisms should remain in scope of RAN2, and which messages need to be transmitted over which interface can be discussed at a later phase.  

Proposal 2: 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.
As discussed in this contribution, all NR specific functionalities should be controlled by the NR node and LTE eNB should not have to understand and control NR functions such as mobility, link reliability, etc.  Most of the control plane functions required for LTE+NR are also NR specific functionalities that will also be required and essential for a stand-alone NR system. 

Therefore, to avoid duplication of work, 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 3: A common control plane framework should be studied for both LTE + NR and for standalone NR. The common control plane functions should be designed to support stand alone NR and with the possibility to be re-used for LTE + NR. 
2.2 NR RRC Functionality for LTE + NR
In LTE Dual Connectivity, the MeNB is required to understand the SeNB configuration to make final configuration decision, to configure/understand measurement results and to make mobility decisions for the SeNB layer. 

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 and the principles of dual connectivity in terms of functionality and of each RRC component should be revisited for LTE + NR interworking. 

In this section we analyze the set of functions required to enable NR operation in a tight inter-working scenario and provide an assessment of which node should be responsible for those functions.  

2.2.1 Resource allocation and configuration 
Similar to dual connectivity, LTE and NR layer should be each responsible for UE’s resource configuration and resource allocation. Therefore an independent control layer functionality responsible for resource configuration and allocation should be present in each LTE and NR node.

Proposal 4: Control function in NR node should be responsible for resource allocation, configuration, and management of the NR cell group
2.2.2 Link reliability and supervision 
One of the objectives of the SI is to aim at a single technical framework that supports all identified usage scenarios, including eMBB, MTC, and most importantly URLLC.  
To meet user plane latency and reliability requirements for URLLC, tight NR Uu radio link supervision may be necessary. Once configured, the NR control plane will have to ensure that the Uu link remains reliable, by means of dynamic configuration and reconfiguration, radio link failure recovery, and most importantly fast switching of transmission points (e.g. mobility support). These functionalities require a fast exchange of configuration messages between the UE and the network. The exchange of such configuration messages between LTE and NR over a non-ideal interface would result in potentially unacceptable delays to maintain good link quality and therefore compromising UP latency requirements to be met for low latency use cases and for operation in higher frequency bands.
Observation 2: Requirements on latency and reliability may be challenging to meet if RRC messages are transported over LTE air interface, due to backhaul delays incurred during RRC message exchange.
Therefore, LTE + NR DC control plane should be designed such that the more stringent latency requirements for control signalling are supported. This may be easier if a direct control plane component/signalling over NR Uu is allowed. 

Furthermore, NR link recovery and monitoring mechanisms may be significantly different for LTE and therefore should be managed directly by the NR controlling entity.  Otherwise, relying on the LTE eNB to detect and notify NR control entity of failures may introduce additional complexity.  
Proposal 5: gNB should be responsible for performing link reliability/supervision and recovery
2.2.3 RRM and Mobility-related aspects 

Given the introduction of a new air interface, new deployments and operation in higher frequencies, the NR measurements and mobility procedures may be different from LTE. Furthermore, mobility decisions may be taken based on UL measurements that are only available in the NR node.  
If DC framework is adopted as is, the MeNB would be required to understand NR layer measurements, make mobility decisions based on those measurements and have an understanding of the NR layer deployments and RRM aspects.  
Furthermore, to meet the stricter service interruption requirements it is expected that the RAN working groups have agreed to study mechanisms to enable faster mobility procedures (e.g. L1/2 mobility).  The configuration/re-configuration delay associated with the LTE DC framework may be a bottleneck to enabling these procedures.
Observation 3: Meeting tighter mobility requirements and enabling faster mobility procedures for NR may not be possible with DC framework in some deployment scenarios (due to backhaul and message exchange delay) 
Therefore, to minimize added LTE eNB complexity and enable faster mobility procedures it is proposed that the NR node is responsible for RRM measurement configuration, mobility management of the NR layer and generating the associated RRC messages.
Proposal 6: gNB should be responsible for RRM measurement configuration for NR layer and mobility management/decision.
2.3 Overall architecture 

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 observations related control plane functions in tight inter-working scenarios are made:
Proposal 7: NR control messages can be transmitted directly over NR Uu interface 

Proposal 8: 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 9: A common control plane framework should be studied for both LTE + NR and for standalone NR. The common control plane functions should be designed to support stand alone NR and with the possibility to be re-used for LTE + NR. 
Proposal 10: Control function in NR node should be responsible for resource allocation, configuration, and management of the NR cell group
Proposal 11: gNB should be responsible for performing link reliability/supervision and recovery
Proposal 12: gNB should be responsible for RRM measurement configuration for NR layer and mobility management/decision.
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5 Appendix LTE RRC Functionality for Dual Connectivity

	Functionality 
	Role of MeNB
	Role of SeNB

	Resource configuration and allocation 
	Responsible for UE resource configuration and allocation for the MCG
	Responsible for UE resource configuration and allocation for SCG

	Measurement configuration 
	MeNB configures measurements on SCG layer and is responsibility for receiving, interpreting and making decisions on those measurements. 
	Measurements are only reported to MeNB and decisions based on those measurements are taken by MeNB.  

	UE capability coordination
	MeNB responsible for UE capability coordination and deciding final configuration for MeNB and SeNB (with SeNB input) ensuring that UE capability is not exceed 
	Based on UE capability received from MeNB, SeNB can make configuration decisions which are then send to MeNB for final approval.   

	Mobility management
	MeNB determines small cell addition/deletion/modifications depending on measurements received by the UE.  
	SeNB performs admission control upon request to add/change an SeNB from MeNB but does not make mobility decision

	Initial access
	MeNB provides configuration for initial access and SIB content of SeNB over dedicated signaling 
	System information and initial access parameters provided to MCG

	Radio link monitoring
	UE monitors both cells for RLF but only declares RLF problems to MeNB
	Relies on MCG to notify when the UE has lost the link to the SeNB
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