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Introduction

RRC is the main control plane protocol layer responsible for configuring the user plane and physical layer.  It provides for all the call related functions such as control related to connection control, security configuration, mobility and measurements, RLF handling.  It also provides for various other functions such as ANR and MDT.  While the details may vary, most of the functions supported by LTE RRC are also expected to be needed in NR.  

This document provides some initial discussion of the possible functions needed for standalone NR RRC with relation to LTE RRC.

Discussion
Most of the functions provided by LTE RRC can be expected to be supported in standalone NR. These include provisioning of the SIBs, control of camping, UE access control, connection control, UE mobility and RLF handling.    However, given the differences in the radio interface and services offered over NR, it would be useful to revisit these and discuss what changes, if any, need to be considered when porting these functions to  NR.  Since standalone  NR is a new system without legacy devices, it also gives an opportunity to reconsider whether it is useful to make changes compared to the way functions were specified in LTE - i.e. to learn from experience to improve the  NR operation relative to LTE.  The following paragraphs provides an introductory analysis of these functions in  NR and the differences with LTE.
LTE supports two fundamental states – RRC Idle and RRC Connected.  These largely correspond to the NAS states of EMM Idle and EMM connected.  While Idle is characterised by no RRC context in RAN/AS with UE controlled cell reselection, RRC Connected state provides network connectivity with network controlled mobility.  LTE already is in the process of introducing Suspend/Resume procedure to minimise Idle/Active transition signalling for UEs.  UE controlled mobility could be considered for devices that don’t need uninterrupted HO.  Another possibility to consider especially for the mMTC vertical is the use of a more “connection-less” access that can further reduce the signalling and context storage in the network.
UE capability handling in LTE has proved a bit challenging in later releases with the introduction of Carrier aggregation.  The static nature of the UE capability and limited possibility to update the UE capability in LTE are inherent drawbacks of the capability signalling design.   As seen with LTE, the size of the UE capability could increase significantly with CA and increasing number of bands and band combinations supported by UEs.  Dual connectivity further aggravates the problems.  New solutions should be considered to possibly reduce the capability size.  More dynamic update mechanism will be useful to cater for sharing of processing and buffer capacity between modem processing and other functions.  It can also be used to provide dynamic modification of other capabilities such as CA capabilities.  
Suspend/resume expected to be introduced in LTE in Rel-13/14 can also be used in -NR.  It reduces the amount of signalling in terms of both messages and number of bytes.   This could be combined with RAN controlled Paging and Paging areas [R2-162705] to optimise Paging delay and overall signalling.  As an extreme, one can completely do away with MME Idle/Connected like states controlled by the CN and handle all of “idle state” mobility in RAN.   This has the added benefit towards making the Core more access agnostic.  

LTE SIB design provides for fast access to the network when UE has data to send.  All cells broadcast all relevant information and UE keeps up to date copy of the SIBs (with some exceptions such as for delay insensitive access).  While this provides for quick initial cell selection, cell reselection and Idle active transition, it is expensive in terms of radio efficiency.  Some optimisation can be considered for NR, especially with the expected use of beams for  NR and considerations for lean carriers.  For example, much of the information is likely to be the same across beams and cells and could be delivered to the UE over dedicated channels on demand.  This could be exploited to reduce the information broadcast in each cell.  SIB design in RAN2 will also depend on RAN1 physical channel design.
Similar to SIB, Paging might also need to be re-considered depending on RAN1 physical channel design.  

LTE supports multiple DRBs and SRBs that are used to provide different priority to the data.  It can be expected that transport of NAS messages are likely to be needed also for NR.  Use of SRB1 for RRC and a lower priority for SRB2 to carry NAS data can prevent delay of time critical RRC messages when large NAS messages are also being sent.   Instead of using multiple DRBs/SRBs for prioritisation, a flow based mechanism for prioritising DRB data is discussed in [1].  A similar concept can be adopted for SRBs thereby eliminating the need for multiple SRBs.    
One of the requirements of 5G is supporting new network functions such as network slicing, and different network architectural splits such as diverse fronthauling options, CP/UP split.  These can be expected to have impacts on RRC.  For example, network slicing may require full partitioning of the two slices potentially leading to two different RRC instances.  Today’s LTE RRC design is optimised to run in serving eNB at the cell site and to be relocated as UE moves.  New network architectures could consider RRC in a more centralised location that could consider different design.  For example, it may benefit from less interaction between RRC and other protocol layers. 
Summary and proposal

RRC in LTE provides a rich set of functions and has proved to be quite efficient and extended.   The document provides a brief evaluation of the RRC functions provided by LTE and their applicability for NR.  An initial list of functions that needs to be further discussed in the context of  NR is also identified.
Proposal1: It is proposed to agree that (at least) the following LTE RRC functions could be discussed for  NR in terms of possible changes and enhancements needed: SIB, Paging, UE capability, UE mobility handling, QoS handling and UE measurement handling as starting point. 

Proposal 2: It is proposed to agree  that RRC design changes for slicing and other network functional splits could be discussed
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