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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.

For RAN2, work is expected on progressing the design of the radio interface protocols and procedures as well as aspects related to the RAN architecture. In particular, the SI description (SID) lists the study of different options for “fronthauling-based” protocol split between a central unit (CU) and a remote unit (RU), the interfacing with the Core Network (CN), the impact of network slicing as well as other aspects such as the evolution of QoS concepts, SON and support for Sidelink for D2D.

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] includes a number of requirements. Latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms.

TR 38.913 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 the overall architecture are discussed in [3].

This contribution further discusses aspects related to the control plane for the NR Access Technology.
2 Control Plane Aspects for New Radio Access
As discussed in [3], the baseline for the design of a tight LTE+NR interworking should be based on carrier aggregation principles while assuming an ideal fronthaul interface. The design can be later extended to support non-ideal connectivity using dual connectivity principles.

2.1  LTE+NR Carrier Aggregation (Ideal fronthaul)
To support LTE+NR interworking using carrier aggregation principles, at least the NR-PHY (and possibly also the NR-MAC) configuration can be provided to the UE via the LTE RRC. To minimize the impact to the LTE specifications, the LTE RRC can carry NR-specific configuration over transparent containers that are processed by a NR-RRC entity that is separate from the LTE-RRC entity. 

Observation 1: To support LTE+NR carrier aggregation, LTE RRC can configure the UE with NR specific information, but is should not be required to understand NR-specific control plane signaling or procedures. For example, NR RRC-specific Information Elements should be handled as transparent containers when carried by LTE RRC over LTE SRBs when LTE RRC configures NR.  

2.2 LTE DC
As discussed in [3], LTE dual connectivity should be used as a starting point for the case where the LTE eNB and the NR RU/RRH are non-collocated and linked by a non-ideal interface.
As also discussed in [3], 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 protocols while ensuring that new NR requirements, usage scenarios, and procedures are supported within this framework.     

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

Proposal 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. 

Motivations for the above proposals are further discussed below, including background on a number of different underlying principles of the LTE DC control plane and an analysis of the implication/impact of adapting those principles to LTE + NR.

2.2.1 Configuration-related aspects 

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.  
Observation 2: In DC, MeNB is required to understand the SeNB RRC configuration 

Using the LTE DC approach implies that the LTE MeNB will be required to understand the NR configuration parameters.  However, it is expected NR will be independently designed as a new radio access, introducing new physical layer interface, layer 2 protocols and procedures.  Understanding such configurations and procedures would add significant complexity to the LTE node.  Furthermore, there is no clear motivation to introduce such tight interaction in-between control plane entities, as UE capabilities may not be shared between the two radio accesses.  
Similar to the LTE + NR carrier aggregation case, 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 3: LTE RRC shall not be required to understand NR-specific control plane signaling or procedures. When LTE RRC configures NR, NR RRC-specific Information Elements should be handled as transparent containers carried by LTE RRC over LTE SRBs 
Proposal 4: Interactions in-between control plane entities shall be minimized as much as possible
2.2.2 Use cases and Latency/Reliability-related aspects

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.  With an approach based on dual connectivity (e.g. all configurations/reconfigurations are provided/sent to UE by MeNB), the eMBB use case can be easily supported.  
However, to meet latency and reliability requirements for URLLC, tight NR Uu radio link supervision will 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 unacceptable delays for URLLC.  
Observation 3: URLLC requirements on latency and reliability would not be met with the existing LTE DC framework due to backhaul delays incurred during RRC message exchange
Therefore, LTE + NR DC control plane should be designed such that time critical control signaling exchange between the UE and the NR network can be supported.  
Proposal 5: NR Control plane for the LTE + NR scenario should be designed such that time critical control signaling exchange between the UE and the NR network can be supported 
2.2.3 Mobility-related aspects 

In Dual Connectivity approach the mobility management functionality is handled by the MeNB.  The MeNB maintains the RRM measurement configuration of the UE and may, e.g., based on received measurement reports, traffic/load conditions or bearer types, decide to add/remove/change a connection to a SeNB.  This implies that a LTE DC MeNB is capable of configuring the measurements, understanding the measurements, and performing mobility decision on the SeNB layer.  

Observation 4: In LTE DC, MeNB is capable of configuring measurements, understanding the measurements, and performing mobility decision on the SeNB layer  
Given the introduction of new air interface, deployments, and operation in higher frequencies, the NR measurements and mobility procedures may be significantly different from LTE.  Furthermore, mobility decisions may be taken based on UL measurements that are only available in the NR node.  In order to adapt the LTE DC framework 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, especially for URLLC, it is expected that the RAN working groups will study mechanisms to enable faster mobility procedures (e.g. L1/2 mobility may be enabled).  The configuration/re-configuration delay associated with the LTE DC framework may be a bottleneck to enabling these procedures in the first phase.  
Observation 5: Meeting tighter mobility requirements and enabling faster mobility procedures for NR may not be possible with DC framework (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: NR node should be responsible for RRM measurement configuration, mobility management and generation of associated control plane mobility signaling 
2.2.4 Distributed Control Plane for NR with LTE+NR Interworking 
As a consequence of the above design considerations, a distributed, modular, control plane with minimal interactions required between LTE and NR should be considered. 
Figure 1 shows a distributed control plane architecture in which a NR RRC component is present in the NR node.  As discussed above the primarily responsibilities of NR RRC component will be at least, radio resource configuration and re-configuration, RRM measurement configuration and mobility management. Additional functionalities required can be further discussed.  
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Figure 1 – Control plane for NR + LTE architecture
As shown in figure 1, the key control plane principles for NR should consist of:
A.  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.  

B.  NR RRC component collocated with NR-PHY:  The NR RRC can terminate NR specific control messages.  To enable mobility management and provide time-critical signaling for low latency/highly reliable services, NR RRC control signaling should be transported directly to the UE via the new NR Uu.  
2.3 Stand Alone NR
In view of the above proposals, the control plane of a stand alone NR system should at a minimum be able to provide the functionalities and services above.  

In addition to that as part of the stand alone NR discussions a number of other aspects will have to be discussed, such as, broadcasted system information, protocol states, Initial system access, etc.  Those aspects are not in scope of this contribution.  

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.  For the LTE assisted case RAN2 should focus on the level of coordination needed between the two nodes and potentially initial configuration.
Proposal 7: The control plane aspects related to configuration/reconfiguration and mobility should be studied together and be designed as common control plane procedures regardless of the type of architecture 
3 Conclusion

RAN2 should discuss the above, use the following observations and agree to the following proposals as working assumptions for further work studying New Radio in R14:

Observation 6: To support LTE+NR carrier aggregation, LTE RRC can configure the UE with NR specific information, but is should not be required to understand NR-specific control plane signaling or procedures. For example, NR RRC-specific Information Elements should be handled as transparent containers when carried by LTE RRC over LTE SRBs when LTE RRC configures NR.  

Proposal 8: Impacts to the LTE RRC protocol and its procedures should be minimized when supporting tight integration with NR. 

Proposal 9: 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. 

Observation 7: In DC, MeNB is required to understand the SeNB RRC configuration 

Proposal 10: LTE RRC shall not be required to understand NR-specific control plane signaling or procedures. When LTE RRC configures NR, NR RRC-specific Information Elements should be handled as transparent containers carried by LTE RRC over LTE SRBs 
Proposal 11: Interactions in-between control plane entities shall be minimized as much as possible
Observation 8: URLLC requirements on latency and reliability would not be met with the existing LTE DC framework due to backhaul delays incurred during RRC message exchange
Proposal 12: NR Control plane for the LTE + NR scenario should be designed such that time critical control signaling exchange between the UE and the NR network can be supported 
Observation 9: In LTE DC, MeNB is capable of configuring measurements, understanding the measurements, and performing mobility decision on the SeNB layer  
Observation 10: Meeting tighter mobility requirements and enabling faster mobility procedures for NR may not be possible with DC framework (due to backhaul and message exchange delay) 
Proposal 13: NR node should be responsible for RRM measurement configuration, mobility management and generation of associated control plane mobility signaling 
Proposal 14: The control plane aspects related to configuration/reconfiguration and mobility should be studied together and be designed as common control plane procedures regardless of the type of architecture 

As a consequence of the above proposals it is further proposed:

Proposal 15: Control plane for NR is modeled such that an NR-RRC component is present in NR node controlling the NR-PHY.  Transport of NR, whenever possible, should be done over NR-PHY.
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