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1
Introduction
In the RAN2#93-bis meeting the following way forward was agreed with regards to radio interface protocol functions.
Agreements

1)      RAN2 will identify the main radio interface protocol functions

2)      RAN2 will decide the order/placement/grouping of functions in protocol layers

In this contribution, we list the foreseen protocol services and functions of the NR RRC layer. 
2
Introduction to the NR RRC functions
The RRC is the Layer 3 part of the Access Stratum (AS). Broadly, the RRC functions are grouped into the following 3 categories:

Common/General functions

This means broadcast of System Information related to the non-access stratum (NAS) and the access stratum (AS) across a geographical area. Typically unacknowledged mode transmissions are made, but there is always the possibility to repeat the information periodically under network control. 

Paging/Notification functions
The paging/notification function sends information to a set of UE(s) or to specific UE(s). The information is broadcast in a certain geographical area. Typically the information is transferred on an unacknowledged mode link. The notifications pertain to warning systems in general.
Dedicated functions

This function provides connection setup and release functions, including the setup/modification/release of radio bearers corresponding to different services. In addition, NAS messages are also delivered to/from the UE in a transparent manner to the RAN. Finally, all of the information carried through the RAN is protected by security keys which are configured under the control of the network.
A brief description of the main services and functions of the RRC sublayer are discussed below based on [1] with additional notes specifically citing the increment for NR RRC.
Function 1: Broadcast of System Information related to the non-access stratum (NAS)

Function 2: Broadcast of System Information related to the access stratum (AS)
In [2], we present the concept of beam sweeping which needs to be applied in higher frequency system that exploits beam forming including the concept of beam sweeping for limited control channel information. Furthermore, given the various use cases the NR system design needs to accommodate efficiently, there will be a tradeoff how much information should be provided via common signaling and how much could be provided via unicast signaling as per UE’s request. In the light of these, the term “Broadcast” does not apply for the whole concept. In addition, the SI transmission is now a bi-directional process between the UE and NW.
Observation 1: Provisioning of NR SI comprises of broadcast and unicast operation.
In general, the SI broadcast function would still remain in NR and enhanced with the unicast option. Hence we propose:
Proposal 1: Transmission of System Information upon request by the UE
Function 3: Paging 

In [2] we discuss that the NG-NB may be able to address only a limited number of directions, i.e., beams, at a time in a given cell requiring the beam sweeping to be used for common channels to address the whole cell coverage area. These common channels in PHY layer include, for instance, provisioning of synchronization signals and cell/beam reference signals to the UE to be able to synchronize to the cell in the coverage area of any given beam. From the higher layer point of view, the common channels are used to provision UE with system information (cf. MIB & SIBs in LTE) as well as paging information. In UL direction, the RACH needs also to be available via any beam direction in the cell and thus also requires sweeping. Also, for the light connection WI in LTE, RAN based paging is being considered ([9]). 
Observation 2a: It remains to be seen if paging in NR will comprise of a mixture of both RAN and Core managed functions.
Observation 2b: Paging in NR comprises of a bi-directional operation.

The overall function of Paging still remains the same, albeit the details are quite different compared to LTE. We propose to keep the description above.
Function 4: Notification and control of network slicing (new for NR)
In [3] and [4], we have brought forth the definition of network slice and proposals on network slicing. It is at least clear that an operator will decide how to organize its network into slices which means that for a given UE, a given application, the mapping onto a slice will not be constant but depend to which network the UE has connected. This requirement might call for some changes in RAN2. However, it might be early to conclude upon this. Hence, it remains to be seen if network slicing impacts RAN functionality in such a manner that it is visible to the UEs on the air interface.
Observation 3: It remains to be seen if network slicing impacts RAN functionality in such a manner that it is visible to the UEs on the air interface.
Proposal 2: Notification and control of network slicing is FFS.
Function 5: Establishment, maintenance and release of an RRC connection between the UE and NR-RAN including:

-
Allocation of temporary identifiers between UE and NR-RAN;

-
Configuration of radio resources for RRC connection:

-
Low priority SRB and high priority SRB.
In [5], we propose to consider the RRC signalling connection as a flow of signalling messages managed by a single NCS. A slight alignment of terminology is needed to call the SRB a RSF (Radio Sub Flow).
Observation 4: NR RRC provides the functionality for the establishment, maintenance and release of an RRC connection between the UE and NR-RAN.  

In the light of [5], we propose:
Proposal 3: Establishment, maintenance and release of an RRC connection between the UE and NR-RAN including:

-
Allocation of temporary identifiers between UE and NR-RAN;

-
Configuration of signalling radio flow for RRC connection:

-
Low priority signalling RSF and high priority signalling RSF.

Function 6: Security functions including key management
-
Integrity protection for RRC messages;

-
Ciphering for RRC messages.

Observation 5: Security functions, most likely, will be updated to include new algorithms. However, the primary principle would remain the same, i.e., RRC is in charge of configuring the AS security.

Function 7: Establishment, configuration, maintenance and release of “Radio Bearers” including configuration of radio resources for the Radio Bearers
In [5] we proposed the NCS for handling the RRC signalling flow. Also in [6], we have proposed the structure of the NCS layer that would support the principle of Radio Sub Flows. Hence we propose that the above mentioned function be aligned with the concept of the Radio Sub Flows.
Observation 6:  The term Radio Sub Flow (RSF) is a more relevant term to be used compared to the Radio Bearer when applied in the context of a PDU session.
Based on the above discussion, we propose the following:
Proposal 4: Establishment, configuration, maintenance and release of Radio Sub Flows including configuration of radio resources for the Radio Sub Flows.
Function 8: Mobility functions including:
-
UE measurement reporting and control of the reporting for inter-cell and inter-RAT mobility;

-
Handover;

-
UE cell selection and reselection and control of cell selection and reselection;

-
Context transfer at handover.
In [7], we have described in detail the aspects of beam level mobility in NR for supporting higher frequency operation. The aspect of controlling of beam level mobility is to be discussed by RAN2 and implications to RRC layer need to be clarified.
Observation 7: Beam forming in higher frequency operation and beam level mobility could have implications to RRC functions.
Based on the above we propose the following:
Proposal 5: Mobility functions including:

-
UE measurement reporting and control of the reporting for beam-level (FFS), inter-cell and inter-RAT mobility;

-
Handover;

-
UE cell selection and reselection and control of cell selection and reselection;

-
Context transfer at handover.

Function 9: QoS management functions

 In [5] we proposed the NCS for handling the RRC signalling flow. Also in [6], we have proposed the structure of the NCS layer that would support the principle of Radio Sub Flows. Hence we propose that the above mentioned function be aligned with the concept of the Radio Sub Flows.
Overall the QoS management functions are still performed by the RRC, so we do not propose any update to this function. 
Function 10:
UE measurement reporting and control of the reporting

For NR, the RRC needs to provide a measurement toolbox which can be used by the network RRM to optimize it’s operation. It is envisaged that there will be new measurement reporting and events required for higher frequency operation.

Observation 8: It is envisaged that new measurement reporting and events required for higher frequency operation will be required.
However, no specific update of the text is proposed since the existing text is still relevant.
Function 11: NAS direct message transfer to/from NAS from/to UE.
Observation 9: NAS direct message transfer from the NG Core to/from the UE will have to be supported by the RRC.
However, no specific update of the text is proposed existing text is still relevant.
Function 12: Support of LTE NR tight-interworking.
Observation 9: The NR RAN will assist LTE in this function.

Proposal 6: Support of LTE-NR tight interworking is a new NR RRC function.
3
Conclusion
In this contribution, we have provided a list of impacts to the RRC services and functions for the NR RRC. We propose the following:

Proposal 1: Transmission of System Information upon request by the UE

Proposal 2: Notification and control of network slicing is FFS.

Proposal 3: Establishment, maintenance and release of an RRC connection between the UE and NR-RAN including:

-
Allocation of temporary identifiers between UE and NR-RAN;

-
Configuration of signalling radio flow for RRC connection:

-
Low priority signalling RSF and high priority signalling RSF.

Proposal 4: Establishment, configuration, maintenance and release of Radio Sub Flows including configuration of radio resources for the Radio Sub Flows.

Proposal 5: Mobility functions including:

-
UE measurement reporting and control of the reporting for beam-level (FFS), inter-cell and inter-RAT mobility;

-
Handover;

-
UE cell selection and reselection and control of cell selection and reselection;

-
Context transfer at handover.
Based on the detailed discussions we make the following recommendation of the list of functions. The increments are marked with an “underline” below:

x.y
RRC Services and Functions

The main services and functions of the RRC sublayer include:

-
Transmission of System Information related to the non-access stratum (NAS);

-
Transmission of System Information upon request by the UE
-
Paging;

-
Notification and control of network slicing (FFS)

-
Establishment, maintenance and release of an RRC connection between the UE and NR-RAN including:

-
Allocation of temporary identifiers between UE and NR-RAN;

-
Configuration of signalling radio flow for RRC connection:

-
Low priority signalling RSF and high priority signalling RSF.

-
Security functions including key management;
-
Establishment, configuration, maintenance and release of Radio Sub Flows including configuration of radio resources for the Radio Sub Flows;

-
Mobility functions including:

-
UE measurement reporting and control of the reporting for beam-level (FFS), inter-cell and inter-RAT mobility;

-
Handover;

-
UE cell selection and reselection and control of cell selection and reselection;

-
Context transfer at handover.

-
Support of LTE NR tight-interworking 

-
QoS management functions;

-
UE measurement reporting and control of the reporting;

-
NAS direct message transfer to/from NAS from/to UE.
References

[1] 3GPP TS 36.300 Evolved Universal Terrestrial Radio Access (E-UTRA) and Evolved Universal Terrestrial Radio Access Network (E-UTRAN), Overall description, Stage 2
[2] R2-163443: On beam sweeping and its implications, Nokia, Alcatel-Lucent Shanghai Bell
[3] R3-161355: Definitions for Network Slicing, Nokia, Alcatel-Lucent Shanghai Bell
[4] R3-161358: Requirements of isolation between Network Slices, Nokia, Alcatel-Lucent Shanghai Bell
[5] R2-163513: NR RRC control plane protocol stack considerations, Nokia, Alcatel-Lucent Shanghai Bell
[6] R2-163440, Network Convergence Sublayer for NR, Nokia, Alcatel-Lucent Shanghai Bell

[7] R2-163476: Beam management in NR, Alcatel-Lucent Shanghai Bell
[8] R2-163440: Network Convergence Sublayer for NR, Alcatel-Lucent Shanghai Bell
[9] R2-163888: Paging for light connection, Alcatel-Lucent Shanghai Bell
