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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 enhanced Mobile BroadBand (eMBB), massive Machine-Type Communications (mMTC) and Ultra-Reliable and Low Latency Communications (URLLC). TR 38.913 [2] further includes a number of requirements. For example, latency requirements for the control plane “power efficient state” to “active transfer state” transition is set to 10ms.
During RAN2#94, it was agreed that the functions of LTE RRC are taken as a baseline for NR RRC [3].
This contribution is an update to R2-164160 [4] that further discusses control plane and connectivity principles for NR.
2 Control Plane and Connectivity Principles for NR
2.1 Control plane architecture
We envision a NR control plane with two groups of control functions, distributed edge control functions and centralized anchor control functions, as described below. 

Edge control functions would be operating in close proximity to the physical layer, thus enabling fast and/or time-critical control signaling. Such edge control functions could be associated with a single MAC instance. Edge control functions would include radio resource configuration, scheduling and rate control, link supervision, beam control (including beam level mobility) etc. Control signaling related to edge control functions would preferably be transported over enhanced MAC Control elements or MAC control PDUs. 

Anchor control functions would be logically centralized functions possibly operating towards one or more (e.g. all) MAC instance(s) of a given UE. Anchor control functions would include connection establishment, radio bearer control, admission control, termination of the corresponding signaling radio bearers, termination of core network control plane interface, UE mobility handling, paging control, inter-cell interference coordination, UE capability coordination, UE context handling, etc. Control signaling related to anchor control functions can be transported over signaling radio bearer or a similar mechanism e.g. as RRC PDUs.

Security functions could be included in edge control functions or in anchor control functions depending on security principles applicable for NR, which determination is in the scope of SA3.

In the remaining of the contribution, we discuss how the distributed control plane architecture simplifies RRC state handling and naturally enable different connectivity principles.
2.2 RRC State Modelling
In our view, the RRC state of a UE should be associated to the status of UE context at the anchor control, rather than the status of radio link between UE and edge control. Therefore, as a baseline assumption we may assume support for an inactive state (e.g. possibly similar to RRC IDLE in LTE) and an active state (e.g. possibly similar to RRC CONNECTED in LTE) as a starting point corresponding to absence and presence of UE context at the anchor control, respectively. Presence of UE context at the anchor control would also imply that RAN/NextGen CN connections for the control plane and for the user plane are instantiated for the UE (e.g. similar to a UE being in ECM_CONNECTED state for LTE). In the inactive state, the UE mobility would be tracked at a the level of a logical area defined and controlled by the CN, whereas in the active state the anchor control function would track the UE mobility – similarly as for LTE.
An anchor control function could then control one or more cells (or TRPs, DUs). The UE could be connected to and/or maintain context for multiple instances of edge control. Each instance of edge control would then be associated with the same UE context in a single anchor control instance. The UE would then have a single RRC instance and a single state associated with that anchor control instance, while being possibly simultaneously connected to one or more access instances (e.g. each associated to one UE MAC instance). 

Observation 1: 
Control functions can be distributed while maintaining the single L3 connectivity paradigm.
Proposal 1:
The control plane architecture for NR should support an edge control function to enable faster access to resources of a cell.
2.3 Connectivity Principles
In RAN2#94 [3], it was agreed to study the introduction of a new RAN controlled “state” characterized by reduced signaling overhead, low power consumption and low resource costs.
Some potential characteristics of the RAN controlled “state” for study are listed as follows:

· The CN/RAN connection is maintained;
· The AS context stored in RAN;
· The network knows the UE's location within an area, and the UE performs mobility within that area without notifying the network;
· RAN can trigger paging of UEs which are in the RAN controlled "inactive state";
· No dedicated resources.
It is expected that the RAN controlled “state” approach will help reduce UE energy consumption by keeping the UE in low activity state, while enabling small bursty data transmissions without the overhead of setting up a connection.
In a distributed architecture framework, the RAN-CN connection (at least the signaling connection) may be terminated at the anchor control function. The anchor control function may be responsible for storage of the AS context. Edge control functions may dynamically retrieve the relevant UE context as needed from the anchor control function.  Anchor control function may also be responsible for triggering/handling the RAN paging procedure. Contribution R2-165048 [5] further discusses the RAN controlled state.
Connectivity mechanisms should allow for very low latency transition from “power efficient state” to “active transfer state” as required by the control plane latency requirements [2].
Observation 2: 
A mechanism that enables fast access to uplink resources for user plane transmission starting from an energy efficient mode is required to meet control plane latency requirements.
We envision an access mechanism where the UE may have a means to access uplink resources of a cell applicable when the UE can determine that the network has sufficient context for the UE. Such access mechanism may be realized without the involvement of any RRC signaling or procedure towards the control plane anchor from the UE; instead, only signaling with the edge control functions (e.g. MAC) would be necessary.
More specifically, it may be possible for the UE to transmit data in a timely manner without incurring the delay and signaling overhead associated with connection establishment when the anchor control has context for a UE. Therefore it would be desirable for all UEs with different activity levels to operate in RRC connected mode (active or inactive) whereby e.g. power saving algorithms would be a function of the connectivity state towards edge control functions (e.g MAC), if any, rather than with the anchor function (e.g. RRC).

Our understanding is thus that the RAN controlled state should be designed with the flexibility to support different levels of UE activity, optimize battery consumption and initial access delays as NR is expected to efficiently support UEs independently of their traffic patterns and requirements.
Proposal 2: 
The RAN controlled inactive state should support a UE configuration that enables at least small data transfers after a long period of inactivity e.g. starting from a low power state and possibly after a UE-autonomous change of cell, with very low latency.
2.4 Initial Access and Anchor Connection Establishment 
A connection establishment procedure similar to LTE’s RRC connection setup can be used to setup the UE’s context at the anchor control function when the UE transits from an idle state (e.g. similar to IDLE in LTE) to an active state (e.g. RRC Connected in LTE). 
In a centralized architecture with distributed control functions, the end-to-end context establishment may be done between the UE and the anchor control function. However, since the anchor control may not necessarily reside in the distributed unit, the distributed edge control functions can be responsible for the initial access.  

The access procedure would consist of acquisition of essential system information, UL synchronization, and obtaining initial UL resources. The essential system information would enable the UE to determine the accessibility rights for the cell, the configuration of common UL resources for initial access etc. As discussed in contribution [6], system information delivery could be tailored to enable UEs to quickly acquire only the information necessary to access a cell. 
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The access procedure should further enable the UE to indicate the type of access, e.g. initial access or fast access (as discussed in section 2.5). The type of access could be further extended to provide means to indicate specific access reason such as for a dedicated system information request (e.g. an on-demand SysInfo Request), a small data transfer (e.g. when in RAN controlled inactive state) or an initial access (e.g. in IDLE mode) for anchor plane establishment.
The selection of the initial access type would imply that the UE doesn’t have an active context in the anchor control. As shown in the figure above, in response to an initial access the edge control may allocate resources for RRC message transmission for connection establishment procedure. The connection establishment procedure could then include transfer of UE capability, reason of connection establishment etc. A successful connection establishment procedure results in a RAN level security association between UE and anchor control function. As an outcome of connection establishment procedure, UE can be assigned a unique identity associated with the anchor control connection.  
2.5 Fast Access Procedure
Once a connection establishment is successfully completed with the anchor control plane, the UE could remain in a connected state and possibly operate in a low activity mode using the RAN controlled inactive state depending on edge control connectivity. Starting from such low activity and power efficient state, a fast access procedure should be supported to enable instant access to system resources and to initiate data transmission with very low latency.
In this approach, the anchor plane connection and the access to a cell are decoupled. In other words, the UE can reuse the same anchor plane context in a cell different from a cell in which it has previously performed control plane procedures and signalling using that context e.g. such as the cell where the connection initially established, re-established or reconfigured. If the UE context is available and active in the anchor control, UE may perform the fast access procedure to acquire uplink transmission resources in the cell. Similar to initial access procedure, the procedure can include UL synchronization and transmission of type of access. 

Edge control may differentiate the fast access from the initial access by the information provided in the access message e.g. based on reception of a MAC CE or a RRC PDU respectively. For the fast access type, the UE should additionally include a valid UE ID associated with the UE context at the anchor control. Other details of the fast access procedure including whether or not the fast access and initial access procedures can use the same resources can be discussed later. 

Edge control would then fetch the UE context from the anchor control using the received UE ID. The anchor control function may perform admission control based on the received UE context request. If admitted, the UE context response may include a UE-specific edge control configuration. Such UE-specific configuration may include some layer 2 and physical layer parameters. The UE can then perform data transfer upon receiving the configuration from the edge control and a UL grant. The UE can use the stored security context to cipher and/or integrity protect the data.
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The edge control may additionally perform lower layer reconfigurations without involving RRC signaling. With this approach, RRC can be relieved from the overhead of lower layer configuration and reconfigurations aspects thereby reducing the number of RRC message exchanges and the number of DU-CU messages.

Observation 3:
The number of RRC message exchanged over the air interface can be reduced by re-using an existing context at an anchor control function.
Proposal 3: 
NR should support a UE configuration that enables access to transmission resources for user plane data without the involvement of an RRC procedure e.g. without RRC Connection Establishment.
The fast access procedure may be used in following scenarios:

· Default access method while in the RAN controlled inactive state (e.g. to initiate transition to connected active state and/or to transmit small data);
· Establishing secondary links in a multi-connectivity scenario;
· Handling RLF cases (e.g. allow faster recovery mechanism for the UE);
· Network controlled make before break mobility (e.g. to minimize mobility interruption time);
· UE autonomous mobility (e.g. for signaling transmission like RAN paging area updates etc).
2.6 Mobility 
A central anchor context can enable faster mobility between edge control functions without having to re-establish the RRC connection every time. Different kinds of mobility can be enabled in the connected state, for example e.g. anchor controlled mobility (e.g. in connected active), edge controlled mobility (e.g. in connected active) and UE autonomous mobility (e.g. in connected inactive). 
Anchor controlled mobility is similar to legacy mobility mechanisms performed using RRC signaling. This may be used in scenarios involving inter-anchor function mobility, addition/removal of edge control functions etc. 
Edge controlled mobility can be utilized to handle fast mobility events, particularly beam level mobility or mobility between TRPs associated to the same edge control function.
Additionally, a UE can be configured to perform autonomous mobility between the edge control functions without directly notifying the anchor control function. For example, autonomous mobility could be realized using a combination of cell reselection and fast access procedure. It could be also further discussed if UE autonomous mobility can be performed in case of edge control failure.
Observation 4:
A flexible control plane architecture can enable a mobility framework with multiple levels of mobility control that can be tailored to meet the NR service requirements.
Proposal 4:
The control plane architecture for NR should support a logically centralized UE context to enable faster mobility and reduces the mobility interruption time.
3 Conclusion

RAN2 should discuss the above and use the following observations and proposals as working assumptions for further work on control plane architecture and connectivity principles in NR Study Item for R14:

Observation 1: 
Control functions can be distributed while maintaining the single L3 connectivity paradigm.
Proposal 1:
The control plane architecture for NR should support an edge control function to enable faster access to resources of a cell.
Observation 2: 
A mechanism that enables fast access to uplink resources for user plane transmission starting from an energy efficient mode is required to meet control plane latency requirements.
Proposal 2: 
The RAN controlled state should support a UE configuration that enables at least small data transfers after a long period of inactivity e.g. starting from a low power state and possibly after a UE-autonomous change of cell with very low latency.
Observation 3:
The number of RRC message exchanged over the air interface can be reduced by re-using an existing context at an anchor control function.
Proposal 3: 
NR should support a UE configuration that enables access to transmission resources for user plane data without the involvement of an RRC procedure e.g. without RRC Connection Establishment.
Observation 4:
A flexible control plane architecture can enable a mobility framework with multiple levels of mobility control that can be tailored to meet the NR service requirements.
Proposal 4:
The control plane architecture for NR should support a logically centralized UE context to enable faster mobility and reduces the mobility interruption time for NR.
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