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Foreword

This Technical Report has been produced by the 3rd Generation Partnership Project (3GPP).

The contents of the present document are subject to continuing work within the TSG and may change following formal TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an identifying change of release date and an increase in version number as follows:

Version x.y.z

where:

x
the first digit:

1
presented to TSG for information;

2
presented to TSG for approval;

3
or greater indicates TSG approved document under change control.

y
the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, updates, etc.

z
the third digit is incremented when editorial only changes have been incorporated in the document.

Introduction

This clause is optional. If it exists, it is always the second unnumbered clause.

1
Scope

The purpose of this TR is to record the discussion and agreements that arise from the study item “Separation of CP and UP for split option 2 of NR” in RP-171421 [1]. 
2
References

The following documents contain provisions which, through reference in this text, constitute provisions of the present document.

-
References are either specific (identified by date of publication, edition number, version number, etc.) or non‑specific.

-
For a specific reference, subsequent revisions do not apply.

-
For a non-specific reference, the latest version applies. In the case of a reference to a 3GPP document (including a GSM document), a non-specific reference implicitly refers to the latest version of that document in the same Release as the present document.
[1]
RP-170421, " New SID on New SID on Separation of CP and UP for split option 2".

[2]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications".
[3]
3GPP TR 38.801: “Study on new radio access technology: Radio access architecture and interfaces” 
3
Definitions, symbols, and abbreviations
Delete from the above heading those words which are not applicable.

Clause numbering depends on applicability and should be renumbered accordingly.

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 3GPP TR 21.905 [1] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in 3GPP TR 21.905 [2].

Definition format (Normal)

<defined term>: <definition>.

example: text used to clarify abstract rules by applying them literally.

3.2
Symbols

For the purposes of the present document, the following symbols apply:

Symbol format (EW)

<symbol>
<Explanation>

3.3
Abbreviations

For the purposes of the present document, the abbreviations given in 3GPP TR 21.905 [1] and the following apply. 
An abbreviation defined in the present document takes precedence over the definition of the same abbreviation, if any, in 3GPP TR 21.905 [1].

Abbreviation format (EW)

<ACRONYM>
<Explanation>

4
General

The aim of the study is as captured in the SI description document [2]:
1. From TR 38.801, study the scenarios, the feasibility and the benefits of the separation of the CU-CP (control plane instance of PDCP/RRC protocols) and the CU-UP (the user plane instance of PDCP (and SDAP) protocols). 
2. Identifying details solutions e.g. introducing a standardised control plane interface between the CU-CP and CU-UP part of the gNB to enable the possibility of optimizing the physical location of different RAN functions based on the scenario and desired performance. 
3. Study the necessary protocol functions down to the procedure and message level related to the possible identified solutions e.g. a standardised control plane interface to enable set-up, modification, and release of the DRB related resources in the CU-UP, including handling of security keys in the CU-UP for RAN security activation and configuration. This also needs to take the agreed F1 interface general principle, and gNB-CU/DU architecture principle into account.

5 CP-UP separation: scenarios and feasibility
The first objective of the SI is reported in the following [1].

· “From TR 38.801, study the scenarios, the feasibility and the benefits of the separation of the CU-CP (control plane instance of PDCP/RRC protocols) and the CU-UP (the user plane instance of PDCP (and SDAP) protocols).”
In this sub-clause, we describe scenarios, benefits, and drawbacks.

5.1 Scenarios

Scenarios for the separation of CU-CP and CU-UP are described in the following. 

5.1.1 Scenario 1: CU-CP and CU-UP centralized

The CU-CP is centralized to coordinate the operation of several DUs. The CU-UP is centralized to provide a central termination point for UP traffic in dual-connectivity (DC) configurations. An example of this scenario, is depicted in the Figure 5.1.1-1. 
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Figure 5.1.1-1: CU-CP and CU-UP centralized
5.1.2 Scenario 2: CU-CP distributed and CU-UP centralized

CU-CP is deployed in a distributed manner and co-located with the DU. The CU-CP supervises the operation of a single DU. The CU-UP is centralized to provide a central termination point for UP traffic in DC configurations. An example of this scenario, is depicted in the Figure 5.1.2-1.
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Figure 5.1.2-1: CU-CP distributed and CU-UP centralized
5.1.3 Scenario 3: CU-CP centralized and CU-UP distributed

CU-CP is centralized to coordinate the operation of several DUs. The CU-UP is distributed and co-located with a single DU. An example of this scenario, is depicted in the Figure 5.1.3-1.
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Figure 5.1.3-1: CU-CP centralize and CU-UP distributed
5.2 Benefits and drawbacks

Some benefits for the separation of CU-CP and CU-UP common to the analysed scenarios were identified: 

· 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;

· 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 (e.g., CU-CP and CU-UP could be provided by different vendors).

· The gNB deployment with separate CU-CP and CU-UP provides the possibility of optimizing the location of different RAN functions based on the scenario and desired performance. For example, the CU-CP could be placed in a location close to the DU to provide short latency for the critical CP procedures. The CU-UP could be centralized in a regional or national data center, thus favouring cloud implementation. An additional CU-UP could be also placed closer to the DU to provide a local termination point for [...] URLLC traffic.  

· Support of radio resource isolation and improving resource utilization for network slicing. A slicing instance may cover a geographic area of several ten to several hundred of gNBs. Central RRM may provide slice-level isolation as well as improve resource utilization.

The following aspects are specific for the identified scenarios.

5.2.1 Scenario 1

Benefits

Centralized CU-CP potentially provides efficient load balancing and radio coordination of several DUs. This scenario allows to take maximum advantage of cloud technologies because both the CU-CP and CU-UP can be implemented in a virtualized environment.
Drawbacks

-

5.2.2 Scenario 2

Benefits

This scenario allows to take advantage of cloud technologies while ensuring low latency for critical control plane procedures
Drawbacks

-

5.2.3 Scenario 3

Benefits

Centralized CU-CP potentially provides efficient load balancing and radio coordination of several DUs. This scenario also allows to take advantage of cloud technologies while ensuring low latency for user plane traffic, which is important for some applications (e.g., critical MTC)

Drawbacks

-
6
CP-UP separation: solutions

7
Interface functions and procedures

The third objective of the SI is reported in the following [1]: 

· “Study the necessary protocol functions down to the procedure and message level related to the possible identified solutions e.g. a standardised control plane interface to enable set-up, modification, and release of the DRB related resources in the CU-UP, including handling of security keys in the CU-UP for RAN security activation and configuration. This also needs to take the agreed F1 interface general principle, and gNB-CU/DU architecture principle into account.

In this section, we discuss the functions and procedures of the open interface between CU-CP and CU-UP.

“Editor’s note: Definition and naming of CU-C, CU-U and DU are FFS”.
7.1 Interface name 

The open interface between CU-CP and CU-UP is named E1.

7.2 Architecture  

The architecture is depicted in Figure 7.2-1.
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Figure 7.2-1. Overall RAN architecture with CU-CP and CU-UP separation. 

The architecture in Fig. 1 is described as follows:

· A gNB may consist of a CU-CP, multiple CU-UPs and multiple DUs;

· The CU-CP is connected to the DU through the F1-C interface;

· The CU-UP is connected to the DU through the F1-U interface;

· The CU-UP is connected to the CU-CP through the E1 interface;

· One DU is connected to only one CU-CP;

NOTE: for resiliency, a DU may be connected to multiple CU-CPs by appropriate implementation.

7.3 E1 interface general principles

The general principles for the specification of the F1 interface are as follows:

· the E1 interface is open;

· the E1 interface supports the exchange of signalling information between the endpoints;

· from a logical standpoint, the E1 is a point-to-point interface between a CU-CP and a CU-UP. 

NOTE 1: A point-to-point logical interface should be feasible even in the absence of a physical direct connection between the endpoints.

· the E1 interface separates Radio Network Layer and Transport Network Layer;

· the E1 interface enables exchange of UE associated information and non-UE associated information;

· the E1 interface is future proof to fulfil different new requirements, support of new services and new functions.

NOTE 2: The E1 interface is a control interface and is not used for user data forwarding. 

7.4 E1 interface protocols and protocol structure 

Figure 7.3-1 shows the protocol structure for E1. The TNL is based on IP transport, comprising the SCTP on top of IP. The application layer signalling protocol is referred to as E1AP (E1 Application Protocol).
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Figure. 7.3-1. Interface protocol structure for E1.
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