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1 Introduction
At RAN3#93bis the separation between Control Plane (CP) and User Plane (UP), captured as a RAN requirement in [1], was extensively analysed. Proponents of [2],[3], [7] put emphasis on the need for a functional separation between CP and UP, which builds upon a standardized open interface between the CP and UP. On the other hand companies pointed out issues and provided reasons limiting the expected benefits in context of a Control Plane (CP) and User Plane (UP) separation [8], [9].
This document aims to provide a consolidated input for section “6.1.3 UP-CP Separation” in TR. 38.801.
2 Text Proposal for TR 38.801

--------------------------------------------Start of text proposal---------------------------------------------

6.1.3 UP-CP Separation
Next Generation networks will see an increasing use of very dense deployments where user terminals will be able to connect to multiple transmission points simultaneously.

It may be favourable and beneficial for the next generation RAT, to base the architecture on a separation of the CP and UP functions. This separation would imply to allocate specific CP and UP functions between different nodes. 
The following points can be taken as examples for expected benefits of a separation of CP and UP:
A centralization of:
· CP functions, controlling different transmission points, has the potential to achieve enhanced radio performance.

· Flexibility to operate and manage complex networks, supporting different network topologies, resources and new service requirements.

· Alignment with SDN concept that would result in a functional decomposition of the radio access, based on a partial de-coupled architecture, between user and control plane entities and on network abstractions [10].
· For functions purely handling with CP or UP processes, independent scaling and realization for control and user plane functions operation.  
· Support of multi-vendor interoperability 
In addition, the following points also need further considerations regarding splitting gNB to two nodes: one is specific for gNB Control plane, the other is specific for gNB user plane:

· The relationship- and the co-existence with RAN protocol split architectures

· The impacts on NR/LTE tight interworking

Editor’s note: This section should capture an analysis on UP-CP separation based on identification of UP and CP functions, justification of the benefits in separating such functions into separate RAN entities and whether a dedicated RAN architecture for support of UP-CP separation is beneficial and feasible
2.1.1.1 UP and CP Functions Description and Grouping
As a starting point the subsequent analysis considers the LTE protocol Stack as listed by RAN3 in 3GPP TR 38.913. The functions are augmented and aligned with the RRM functionalities defined in 3GPP TS 36.300.

In current TS 36.300[2], the LTE functions are listed as in the figure below:


[image: image1.emf]internet

eNB

RB Control

Connection Mobility Cont.

eNB Measurement

Configuration & Provision

Dynamic Resource 

Allocation (Scheduler)

PDCP

PHY

MME

S-GW

S1

MAC

Inter Cell RRM

Radio Admission Control

RLC

E-UTRAN EPC

RRC

Mobility 

Anchoring

EPS Bearer Control

Idle State Mobility 

Handling

NAS Security

P-GW

UE IP address 

allocation

Packet Filtering


Figure xx: Functional Split between E-UTRAN and EPC

If we start from the blue boxes (radio protocol layers) the functions in RRC layer could be considered as belonging to control plane, which is controlling all the radio resources. 

The Inter-Cell RRM, RB control, Connection Mobility Continuity, Radio admission control, eNB measurement configuration and provision, Dynamic resource allocation are functions with a control plane component; while transfer of user data are user plane functions.

The functions listed above are those existing in LTE. 
There were identified two basic architectures for UP-CP split, which conduct to a difference in the assignment of control functions to the central control plane:

1. A flat UP-CP separation architecture, where there is a clear UP-CP function separation as LTE function separation;
2. A hierarchical UP-CP separation architecture, where the UP-CP are not separated for the functions used in LTE, instead the less time-sensitive operation of these functions could be coordinated by a higher hierarchy Central Coordinator. .
Since the protocol stack for the new RAT will most likely a being based on what has been introduced for LTE, the synthesis of CP and UP functions will need to take this circumstance into account. 

While Inter-Cell RRM, RB control, Connection Mobility Continuity, Radio admission control, eNB measurement configuration and provision have a strong CP component, all other radio protocol layers are shared by user plane and control plane, as they are sharing the same radio resources.
All the control signalling and data are transmitted via the same protocols i.e. using the same function groups. 

The mobile system especially the air interface design is quite optimized. The frequency resource is limited, and the air condition changes quickly. Therefore, the LTE protocol stack has been carefully design and strict time pattern during the interaction of the radio protocol layers for the Uu interface have been considered. The function for control plane and user plane have been considered together to maximise the performance of the air interface. The functions have strong dependency and are very difficult to separate.
Some examples of the mix of control plane/ user plane function in Uu interface:

· PHY: there are several control channels including PBCH, BCH, PDCCH, PDSCH, EPDCCH etc, and also the channel data i.e. PDSCH. However, the PDSCH can also carry the PCH which is the function for control plane. The whole system operates relying on other control signaling including reference signals and synchronization etc.

· MAC: it is designed as user plane to unify the data transmission regardless the data is for signaling or real package. However, there are still controlling functions/procedures in MAC including RACH procedure, cell activation/deactivation, TA command, PHR etc. There is only one MAC entity in E-UTRAN for a UE. The entity is responsible for all the control signalling and data transmission. It is impossible to separate the user plane and control plane in MAC layer in network side.

· RLC/PDCP: The two layer are relatively simpler. However, there are still controlling PDU for the two layers e.g. RLC status reporting, the encryption and integration protection for the signalling and data etc.  

· Scheduling: Scheduling is used to control the assignment of resource to different traffic sources, both for signalling and for user data transmission. Scheduling is the mechanism that provisions UP channels with the resources that make data traffic exchange possible. Scheduling is ruled via policies established via CP and influences future CP settings, while at the same time being the core of the UP resource provisioning mechanism. In order to provide optimal centralised scheduling a real time detailed knowledge of the UP traffic available in UL and DL is needed.  For this reason, scheduling has a role both in the CP and in the UP.

· Logical channel multiplexing: this function is in charge of multiplexing data of different logical channels into the same time frequency resources. This is clearly a task performed on UP traffic to increase the efficiency of UP data transmission. However, multiplexing is controlled by CP established configurations and policies, which make it difficult to classify this function as a pure UP one.

Unless further analysis proves a difference in the outcomes above, the dependencies between some control and user plane functions, as described in the examples above, make the separation of CP and UP for all functions of an E-UTRAN based function set for NR, difficult and likely not practical.
6.1.3.2
RAN architecture and interfaces for UP-CP Separation
Editor’s note: This section should capture an analysis of whether it is beneficial and feasible to define specific RAN architectures and interfaces to support CP-UP separation
--------------------------------------------End of text proposal---------------------------------------------
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