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1 Introduction

One of the objectives of the SID on New Radio Access Technology [1] is for RAN3 to study and outline the RAN-CN interface and function split in cooperation with SA2. SA2 has captured their initial agreements on the CN-RAN functional allocation in TR 23.799 [2], while RAN3 has captured an initial list of NR RAN functions in TR 38.801 [3].

In this contribution, we provide further input on the network functions and RAN-CN functional split. 
2 Discussion
The NextGen system architecture should support new use cases/scenarios/network deployments in addition to the traditional Mobile Broadband Access service with IP connectivity to the operator IMS or to the Internet. All usage scenarios, requirements and deployment scenarios are defined in TR 38.913 [4] including:
-
Enhanced mobile broadband
-
Massive machine-type-communications
-
Ultra-reliable and low latency communications
These requirements will necessitate creating new functions in the NextGen networks compared to current LTE. 
The functional allocation between RAN and CN in Table 1 is created taking as basis  the available initial list of agreed network functions from SA2 [2] and the list of RAN functions listed in RAN3 TR [3]. We have then complemented it with our considerations for the Nextgen system, reusing also some material presented at RAN3#91bis (e.g. [5], [6]) as well as material from recent SA2 contributions (e.g. [7], [8]). 
Note: The functions marked with green in the Table 1 are copied from the SA2 interim agreements in TR 23.799 [2] but it should be noted that some of these are still FFS and some functions may be revised. Thus we have made there some changes according to our view and added some more functions for discussion.
Table 1: Functional split between RAN and CN
	Function
	RAN
	CN
	Comments

	QoS framework
	 
	 
	 

	Subscription / operator policy based QoS control
	 
	x
	This is control plane function for overall QoS Policy Control.

	Radio Resource Admission Control
	x
	FFS
	This function is part of RAN. There may be some CN aspects to be investigated.  

	Radio Resource Management (QoS attributes)
	x
	 
	Packet scheduling with regards to resource utilization and availability (RRM)

	Packet classification of DL packets for QoS differentiation on the Radio 
	FFS
	FFS
	Some companies think that the QoS classification for QoS differentiation of DL packets is performed in RAN.

	QoS differentiation and verification for UL packets
	FFS
	FFS
	Some companies think that the QoS verification of UL packets is performed in RAN and/or CN.

	Application aware QoS classification (i.e. classification of packets) for QoS purposes
	x
	x
	RAN could perform application classification for radio QoS.

	Max Rate Control
	x
	 x
	Maximum bitrate policing in the CN and RAN in UL and DL. Refined in more details below.

	UL UE Max Bit rate enforcement
	x
	 
	This function should shape UL

	UL Per PDU session Max Bit rate enforcement
	FFS
	x
	UEs expected to be cooperating. If multi-homing is supported RAN has to participate.

	UL traffic profile conformance enforcement (e.g. for MTC/low bit rate verticals)
	FFS
	FFS
	

	DL Traffic bearer binding (RAN x)
	x
	 
	  

	DL UE Max Bit rate enforcement
	x
	 
	 

	DL per PDU Session Max Bit rate enforcement
	x
	x
	

	DL traffic profile conformance enforcement  (e.g. for MTC/low bit rate verticals)
	FFS
	FFS
	Whether it is needed is FFS. This is work in progress in rel-13 also.

	IP/SDU/packet level classification and prioritization. Classification may be at IP layer and scheduling below IP
	FFS
	x
	The Need of IP layer classification in RAN is directly dependent on removal of the concept of "Dedicated EPS bearers" 

	Transport marking
	x
	x
	Used for prioritization in the transport network

	Charging
	 
	 
	 

	Charging policy control (per application/flow)
	
	x
	Some assistance by RAN can be envisaged to support e.g. per RAT volume reporting (e.g. for Unlicensed vs. licensed)

	Charging
	
	x
	RAT info may need to be provided from RAN to CN in order to determine over which RAT traffic has been transported and whether it was licensed or unlicensed. The actual charging functions are though located in CN

	Charging Data Collection
	 
	x
	

	Mobility Framework
	 
	 
	 

	Mobility management control, (Subscription and Policies) 
	 
	x
	

	Network/Access network selection
	x
	x
	This is PLMN selection/RAT selection (3GPP access) but also now expanding to non 3GPP access selection. Core e.g. may indicate to UE which PDU Sessions are subject for offload to a certain WLAN

	UE registration (incl. subscriber level Authentication and Authorization) 
	 
	x
	 

	Reachability Management and detection (paging) for UE in IDLE mode. This includes location updates from the UE
	 
	x
	Determination of mobility restriction for IDLE mode, “UE Location Management"

	UE unreachability detection
	 
	x
	Assumed to be supported in CN for UEs in CN Idle state. 

	Reachability Management and detection (paging) for UE in INACTIVE CONNECTED state. This includes location updates from the UE
	x
	 
	Controlling mobility restriction for INACTIVE CONNECTED mode, “UE Location Management in RAN"

	RAN UE unreachability detection
	x
	 
	Assumed to be supported in RAN for UEs in RAN Inactive state. If RAN inactive state exists.

	NAS state transitions
	 
	x
	

	RRC state transitions
	x
	 
	

	Paging initiation and control in RAN Inactive state
	x
	 
	RAN Inactive state is RAN state that corresponds to CN connected state. If RAN inactive state exists.

	Inactive mode Notification
	x
	 
	Provides the capability to contact a UE when UE is in inactive mode if that state exist (see [4])

	Paging initiation in CN Idle state
	 
	x


	CN Idle state remains but is used more seldom due to the new RAN “inactive”

	UE Context storage in RAN Inactive state
	x
	 x
	If RAN inactive state exists. RAN UE context storage in SUSPEND/RESUME is already a possible feature.

	UP buffer for UE in CN Idle state
	 
	x


	Same comment as on Paging initiation in CN Idle state

	UP buffer for UE in RAN Inactive state
	x
	 
	If RAN inactive state exists.

	Paging optimization and repetition
	x
	x
	 Depending on the definition of the power saving state and decisions we take on reachability management.

	Area Tracking
	x
	x
	The need for Hierarchical tracking is  a topic for discussion (vs. area registration in AS or NAS only. Depends also on the existence of a CN Idle state 

	Control of Connected state mobility
	x
	x
	

	Determination of mobility restrictions
	 
	x
	

	Roaming restrictions execution
	 
	x
	

	Mobility restrictions execution, [CN Connected]
	x
	 
	

	Mobility restrictions execution, [CN Idle]  
	 
	x
	

	Handover or mobility support trigger/control
	x
	x
	UE triggered mobility needs to be provided.

	Mobility anchor
	x
	x
	 

	Radio Resource Management
	x
	x
	Core provides the RAN with steering type of information e.g.QoS

	Measurement and measurement reporting configuration for mobility
	x
	 
	

	Data path update / relocation
	x
	x
	 

	Positioning
	x
	x 
	

	Subscriber and Equipment Trace
	x
	x
	 

	Session/Connectivity Management
	 RAN
	 CN
	 

	Session Control (incl. Connectivity Authentication and Authorization if applicable)
	 
	x
	Here the authorization/authentication is for both APN based and external PDN access related (extra level of authentication if needed) 

	Session Management
	 
	x
	

	Termination of UP security
	FFS
	FFS
	Depending on connectionless mode

	Subscription Data Handling (incl. default QoS profile)
	 
	x
	

	UE IP Address Allocation 
	 
	x
	UE stateless address allocation/link local address

	PDU Session address allocation
	 
	x
	FFS for non-IP PDU Sessions e.g. Ethernet.

	PDU Session Termination Point
	 
	x
	Note that this refers to the ownership of the specification for the function supporting the termination point. In a NW deployment this function may be deployed on or close to a RAN site.

	Connection Setup and Release
	x
	x
	

	Traffic offload
	
	x
	

	Local switching
	FFS
	
	

	IP header compression function
	x
	FFS
	Similar as termination of UP security.



	Termination of RAN user-plane interfaces
	x
	 
	Multi-RAT user-plane termination

	Termination of user-plane protocol from core network and UE
	x
	x
	 

	Transfer and routing of user data toward a service specific instance
	x
	x
	

	NAS Node selection function
	x
	
	

	Distribution function for NAS messages
	x
	x
	

	Delivery of common control messages
	x
	x
	 

	Delivery of UE dedicated messages
	x
	x
	 

	Inter-cell interference coordination
	x
	 
	

	Load balancing
	x
	x
	

	RAN Information Management
	x
	x
	 

	Synchronization
	x
	 
	

	Paging message delivery over radio
	x
	 
	

	Network Slicing/Network function selection
	 
	 
	 

	CN instance selection when UE attach to  a CN network slice
	FFS
	FFS
	

	Network slice selection
	x(*)
	 x
	UE may indicate in RRC connection info directly used to select a slice.
Definition of RAN slice TBD.
Could be for instance the RAN behaviour (context / reachability management kept in RAN or not? Need of DRB or not etc..) 
(*) e.g. RAN may indicate available RAN slices

	Core Network entity selection
	x
	x
	 

	Core Control plane network function selection
	
	x
	 selection is a network function (even though UE provided info assists)

	Radio Access network sharing
	x
	x
	

	Security
	 
	 
	 

	Authentication and Key Agreement
	 
	x
	

	Data Encryption (Termination of UP Security)
	x
	x
	
TBD if always in RAN, or can be in both RAN and core. Similar handling to compression. 
Support for CN data encryption for connectionless.



	Data integrity protection
	x
	
	CP optimization is not needed for cIOT if we have connectionless support.
Seems an Important function for small data IoT applications.

	Control Encryption
	x
	x
	Security of control is important whichever function is using it. FFS if mandatory for all signalling or just for some IEs in some messages.

	Control Integrity Protection
	x
	 
	Security of control is important whichever function is using it. FFS if mandatory for all signalling or just for some IEs in some messages.

	Radio channel ciphering and deciphering
	x
	 
	

	Broadcast/Multicast
	 
	 
	 

	Cell broadcasting
	x
	x
	For PWS/ETWS. FFS if we could harmonize with MBMS broadcast

	Broadcasting (a la eMBMS)
	x
	FFS
	Should the core be involved in broadcasting (e.g. for IP-multicasting from GW towards RAN)?

	Delivery of warning messages
	x
	x
	 

	Direct services support
	 
	 
	 

	UE-UE communications (D2D)
	x
	x
	This function provides communication whereby UEs can communicate with each other directly

	UE-UE relay support
	x
	FFS
	 

	UE-Network relay support  
	x
	FFS
	 

	Proximity detection
	x
	FFS
	 

	Others
	 
	 
	 

	System Capabilities exposure (APIs to application layer)
	x
	x
	Drivers for location of APIs in the RAN may be e.g. some Ultra Low latency services, MEC.

	Multi-connectivity
	x
	FFS
	This function provides means for connectivity between an NR node and multiple NR nodes.

	Support for Dual Connectivity using 3GPP accesses only
	x
	x
	This function provides tight interaction (e.g. DC) between NR and LTE in non-standalone scenario.
This may include support of dual anchoring based mobility.

	Interworking with non 3GPP system
	x
	FFS
	Inter-working options with non 3GPP access should be minimized in the NextGen system


The RAN-CN functional split proposed in Table 1 shows that there will be needed some new functions to be handled in RAN, and some functions may remain as CN functions even though they may be placed in the RAN. This can be enabled with flexibility to host CN functions co-located in RAN, or near RAN at the edges of the network when needed e.g. to enable context aware service delivery, local breakout, etc.
Proposal: Discuss the RAN-CN functional split in Table 1 and capture agreements in TR 38.801.
3 Conclusion

This contribution provided further input to the ongoing RAN3/SA2 discussions on the network functions and RAN-CN functional split. The following is proposed:
Proposal: Discuss the RAN-CN functional split in Table 1 and capture agreements in TR 38.801.
4 References
[1] RP-160671, Study on NR New Radio Access Technology, NTT DOCOMO
[2] 3GPP TR 23.799, Study on Architecture for Next Generation System, SA2
[3] 3GPP TR 38.801, Radio Access Architecture and Interfaces, RAN3
[4] 3GPP TR 38.913, Study on Scenarios and Requirements for Next Generation Access Technologies, RAN
[5] R3-160673, RAN-CN interface and function split, Samsung
[6] R3-160782, Discussion on RAN-CN Functional Split in 5G NR, CATT
[7] S2-162157, Solution to Key Issue 8: Functional allocation in CN / RAN, Ericsson, Nokia
[8] S2-161904, Solution to Key Issue 8: Functional allocation in UE / CN / RAN, Nokia
[image: image1.png]


[image: image2.png]



