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1. Introduction
Control plane functionalities which should be taken into account on design of control plane for standalone operation are yet to be discussed. 
5G NR sets out a set of requirements for support of new control plane functionalities.  In this contribution we analyze 5G requirements for control plane design, new control plane functionalities and potential control plane protocol stack for 5G NR. 

2. Discussion
Cell layouts and deployment scenarios for support of standalone NR are discussed in the last meeting. Both heterogeneous and homogeneous deployments are considered for standalone NR. Homogenous deployment is further separated to small cell only deployment and macro cell only deployment including intra and inter frequency support for neighboring cells.

5G NR is targeting for a diverse family of use cases including eMBB, mMTC and URLLC. Key performance indicators are listed in [1] taking into account the diverse user scenarios. It is also expected that further KPIs would be introduced as the 5G study continues. Not only the KPIs for identified user scenarios but also for the new services likely to be introduced. The design of the RAN architecture shall allow the deployment of new services rapidly and efficiently.
Correct design of control plane is very important for the system operation and a generic design is required for control plane to address the diverse user scenarios, variety of services and different deployment scenarios.
Observation 1: Control plane design should be generic to address diverse user scenarios, variety of services and different deployment scenarios.

Out of many requirements and KPIs listed in [1], the following KPIs and design requirements has direct impact on control plane design for NR.
Control plane latency: the target for control plane latency should be [10ms]. Control plane latency is defined as the time to move from a battery efficient state to start of continuous data transmission. RRC states in NR may be different from that of LTE. If Idle mode is considered in NR, control plane latency refers to the idle to active transition. Otherwise, 10ms is the inactive to active transition. Moreover latency for infrequent small packet transmission should be minimized especially addressing mMTC user cases.
Enhanced mobility: intra-system mobility interruption time should be 0ms. Even though, this is targeting for user plane interruption time, control plane procedure should ensure 0 ms of UP interruption in scenarios except extreme rural scenario where this may be relaxed. Enhanced inter-system mobility between IMT-2020 system should be supported.
The UE battery life target should be [15 years] 

Connection density should be 1 000 000 devices per square meter in urban environment. CP design should ensure the handling of very large amount of UE context at the RAN.
The RAN architecture shall support connectivity through multiple transmission points, either collocated or non-collocated.

The RAN architecture shall enable a separation of control plane signaling and user plane data from different sites

Different options and flexibility for splitting the RAN architecture shall be allowed. 

The RAN architecture shall allow deployments using network function virtualization and it shall allow for the operation of network slicing.

The RAN architecture shall support operator controlled sidelink operation, both in coverage and out of coverage.

Observation 2: KPIs and requirements listed above would have direct impact on the design of control plane architecture for NR
Functions that are under control plane responsibility:
Table 1: Functions that are under control plane responsibilities

	Connection control: connection establishment, re-establishment, release, configuration/reconfiguration
	Configuration of lower protocols, radio resource configuration, Bearer/ flow configuration/handling 

	Provisioning of SIBs, SI transmission/ Acquisition
	PLMN selection/cell selection/reselection

	Security configuration
	Paging 

	NAS signaling transmission
	UE state and state transitions

	Mobility and measurements,
	Ue capability handling

	RLF handling
	Broadcast services, eg: MBMS

	Camping control and access control
	Other services, RN, sidelink

	RAN Slice configuration
	ANR, MDT, etc

	Multi-path configuration
	Generic error handling 

	Support of connectivity to multiple core networks, i.e. multiple CN-RAN connections?
	


The above list of functions for NR control plane is produced considering the legacy control plane functions and procedures for connected mode and idle mode UEs as well as additional functions (shown in blue in Table1) in order to fulfill 5G requirements in [1].  
It is still to be discussed on network slicing and RAN slicing support in NR. Whether to have multiple connection or single connection for support is slice is yet to be discussed. . If multiple connections for slice support is agreed, this would also have impact to control plane design in RAN. 

5G requirements of network slicing and multi-path transmission would also add additional control plane functionalities in NR. 

Observation 3: The functions listed above should be taken into account in design of NR control plane.

Even though, the identified control plane functions may have already been seen in LTE, these functions should be enhanced to support 5G KPIs and requirements. The control plane functions/procedure in LTE was updated in later releases to incorporate new services while considering the backward compatibility. For NR, there is no backward compatibility requirement, thus clean slate approach is preferable for NR control plane design. Additionally, the NR control plane should support flexibility for addition of new services in the future (i. ensure forward compatibility).  

Observation 4: A clean slate approach with support of forward compatibility is seen preferable for NR CP design.

As per the agreement from last meeting, NR-NB may consist of one or multiple TRPs. NR_NB may expect to take similar operation as per legacy eNB and acts as the main node for control functions. TRP may or may not be similar to the TRPs of CoMP in legacy system. 
NR requirements also demands for a flexible split of RAN architecture.  In this section, we look into the main control plane functions in light of NR requirements and user scenarios and attempt to identify the functionality of NR-NB and TRP. 
A system operation relies on the system information provisioning. LTE system uses system information broadcast procedure however it has been identified in later LTE releases that system information broadcast procedure may not be most optimal for some user scenarios. Note that some SI enhancements are introduced in later LTE releases for support of MTC and NB-IOT. System information provisioning should be looked considering the NR deployment scenarios and network topology. There are multiple concepts which could be introduced for reduced signaling overhead as well as more efficient provisioning of SI. Those are per need basis provisioning of portion of system information (on demand), transmission of SIB on a more reliable link (may not be linked to the operating carrier), advanced signaling compression. On demand transmission can be cater for specific UE or group of UEs in a localized geographical location. 
Whether all system information parameters are common to all TRPs in a NR-NB or not, should be discussed.  In one hand, the generation of some system information parameters may be performed locally in TRP for the system information parameters specific to a TRP. On the other hand, all system information parameters could design to be common to all TRPs in a NR-NB, in that case, the generation of system information resides at NR-NB. 

Following the legacy system, the generation of system information is considered as a RRC function. If the generation of some system information is required by the TRP, presence of RRC at TRP is also required. 

Observation 5: Need of RRC at TRP depends on the generation of system information (TRP specific system information parameters, if any) at TRP or not.

Mobility and measurements require a new approach in NR to fulfill the requirement on intra-system mobility interruption time as well as the fast inter-system mobility support. LTE handover concept is based on break before make where data interruption is unavoidable. Frequent handover in dense network scenario increases handover signaling and results in poor system performances (signaling overhead and UE battery consumptions). Furthermore it is expected to support UE speed up to 500km/h in NR. These requirements demand new mobility concept hence new measurements procedure for NR. Intra-system mobility could be considered as change of TRPs due to mobility. Furthermore, beam sweeping and beam management are to be considered in NR for efficient radio resources utilization, where these functions likely to be controlled by the TRP. On the other hand, inter-NB mobility is likely to be performed at NR-NB. Depending on the mobility procedure for NR, it is likely that mobility related control function is located at NR-NB.  It was agreed in the last meeting that two levels of network controlled mobility such as RRC driven mobility at cell level and mobility involving zero or minimum RRC signaling. Depending on the RRC involvement of TRP level mobility and detail mobility procedure, presence of RRC at TRP should be discussed.

Observation 6: Need of RRC at TRP depends on the RRC involvement at TRP level mobility and detail mobility procedure. 
Radio bearer concept is used in LTE in support of QoS of an application. One to one bearer mapping is used from EPS bearer to radio bearer. Data within a bearer is treated with equal QoS. SA2 is currently discussing of bearer concept or flow based QoS support for NextGen system. RAN2 agreed to have DRB concept in RAN independent of what QoS approach is taken by SA2. 

Even though QoS handling is a user plane function, radio bearer management is considered as control plane function. Radio bearer management could be performed by the control plane located at NR-NB. The decision  can be propagated to the TRP if required for radio resource scheduling.
Observation 7: Radio bearer management control is to be kept at NR-NB. 
NR is also required for the support of flexible functionality split of protocol based on user cases as well as the support of RAN slices. Flexible protocol functionality split may result in some UP protocols to be located at central and distributed nodes.  The protocol functionality split may also depend on the user scenarios and support of verticals.  Control of protocol functional split configuration can be kept at NR-NB.  NR-NB can be the main controller of the UE operation and lower protocol layer configurations. On the other hand, RAN slice handling, even though, should be incorporated in the control plane architecture design. If radio bearer concept is to follow, we think new bearer type could be introduced for each RAN slice hence the different level of control/configuration of RAN slices could be performed via radio bearer configuration/reconfiguration. The support of flexible protocol functionality could be handed at by the RRC located at NR-NB.  
Observation 7: The support of flexible protocol functionality could be handled at the RRC located at NR-NB. 
Multi-path configuration and TRP selection are likely to be based on physical layer design hence depends on RAN1 input. In terms of network architecture in support of multi-path transmission, RAN2 is yet to discuss.  Multipath communication support would be considered in RRC protocol design, however we think all related multipath configuration could be performed by NR-NB. Whether a single RRC entity or multiple RRC entity distributed at multiple NR-NBs for the same UE in support of multipath connectivity should be discussed.

Observation 8: RRC located at NR-NB could control the multi-path configuration.  
LTE supports two UE states: idle and connected. Separate handling is provided for idle mode UEs and connected mode UEs in LTE. RAN UE states should be decided to cater for CN UE states. Furthermore, a cell concept in NR may take a different form than that of LTE. Hence the cell camping, mobility in each of defined UE states needs to be further investigated in light of new cell concept and new UE state. 
Based on the analysis of control plane functionality in NR taken into account the agreement so far, it is evident that detail study is required for many control plane functionalities in fulfillment of diverse requirements and support of different user scenarios and deployment scenarios in NR. The above observation should be taken into account in design of RRC protocol for standalone NR. 
Proposal 1: RAN2 is requested to take observation 1 to 8 in to account in designing of control plane protocol architecture for standalone NR. 

3. Conclusion

This contribution analyses different control plane functions for support of standalone NR. It is attempted to identify location of control plane protocol for NR. The following observations and proposal are made. 

Observation 1: Control plane design should be generic to address diverse user scenarios, variety of services and different deployment scenarios.

Observation 2: KPIs and requirements listed above would have direct impact on the design of control plane architecture for NR

Observation 3: The functions listed above should be taken into account in design of NR control plane.

Observation 4: A clean slate approach with support of forward compatibility is seen preferable for NR CP design.

Observation 5: Need of RRC at TRP depends on the generation of system information (TRP specific system information parameters, if any) at TRP or not.

Observation 6: Need of RRC at TRP depends on the RRC involvement at TRP level mobility and detail mobility procedure. 

Observation 7: The support of flexible protocol functionality could be handled at the RRC located at NR-NB. 

Observation 8: RRC located at NR-NB could control the multi-path configuration.  

Proposal 1: RAN2 is requested to take observation 1 to 8 in to account in designing of control plane protocol architecture for standalone NR. 
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