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1
Introduction
The description of the work item for New Radio Access technology [1] includes the following text:

-
Radio Access Network architecture, interface protocols and procedures for functional split between central and distributed units, covering: 
-
Normative stage-2/3 specification of one higher layer split (appropriate selection from option 2 and option 3-1 shall be determined in April 2017 meeting of RAN3).

Irrespective of the selected functional split option(s), general aspects and principles of gNB-CU and gNB-DU interface (Fs) needs to be introduced.
This paper proposes to specify general aspects and principles of Fs interface as a new TS. A text proposal is provided.

NOTE: A skeleton part is included only as example in order to provide technical content.

2
Specification structure

There is no set of Fs interface specification listed in NR WID [1]. Following the general approach for the specification of interfaces, it is essential to assume a new set of specification like below:
	38.4x0
	TS
	Fs general aspects and principles

	38.4x1
	TS
	Fs layer 1

	38.4x2
	TS
	Fs signalling transport

	38.4x3
	TS
	Fs Application Protocol (FsAP)

	38.4x4
	TS
	Fs data transport

	38.4x5
	TS
	Fs interface user plane protocol


Proposal 1: It is proposed to agree on the specification structure to specify Fs interface provided in Section 2, assuming that the NR WID will be revised in TSG RAN#76.

3
Definitions

The current terminology with “CU” for centralized unit and “DU” for distributed unit is too generic and ambiguous:

· It is not clear to which RAN it refers, e.g., whether the functional split refers to a gNB, or another node.

· Both CU and DU could also be understood as the physical entities where parts of a gNB are executed (e.g., in a data center in case of CU, the physical radio element in case of DU). However, the definition should refer to the logical architecture only.

We propose therefore to clarify that a CU and a DU refers to new radio nodes by adding a prefix “gNB-“. This also clarifies that it does not refer to physical network entities. Note that this proposal is also future proof for potential functional split definitions of other radio nodes.

gNB Central Unit (gNB-CU): a logical node that includes the gNB functions excepting those functions allocated exclusively to the gNB-DU as defined in TS 38.300. One gNB-CU controls the operation of one or more gNB-DUs. The gNB-CU terminates NG, S1, Xn and X2 interfaces and is visible to the other logical nodes as gNB. The gNB-CU also terminates Fs interface connected with the gNB-DU.
Editor’s note: How many gNB-DUs can be operated by one gNB-CU is FFS. (see further discussion in [2])
gNB Distributed Unit (gNB-DU): a logical node that includes, depending on the functional split option, a subset of the gNB functions as defined in TS 38.300. The operation of a gNB-DU is controlled by the gNB-CU. The gNB-DU terminates Fs interface connected with the gNB-CU.
Fs interface: The interface between gNB-CU and gNB-DU.

Fs-C: Control-plane part of the Fs interface.

Fs-U: User-plane part of the Fs interface.
Proposal 2: It is proposed to agree on the definitions for Fs interface provided in Section 3.

4
General aspects

This clause captures the Fs interface principles and characteristics. 

4.1
Architecture for gNB-CU and gNB-DU
The architecture for gNB-CU and gNB-DU is applied only for a gNB. The architecture of gNB with gNB-CU and gNB-DUs is shown in Figure 4-1. Fs-C and Fs-U provide C-plane and U-plane over Fs interface, respectively.
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Figure 4-1: Architecture for gNB-CU and gNB-DU
Fs is a logical interface. 

There is one Fs-C logical interface towards the gNB-CU from any one gNB-DU.
There is one Fs-U logical interface towards the gNB-CU from any one gNB-DU.
4.2
Fs interface general principles

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

-
the Fs interface shall be open;

-
the Fs interface shall support the exchange of signalling information between the endpoints;
-
from a logical standpoint, the Fs is a point-to-point interface between the endpoints. 
NOTE:
A point-to-point logical interface should be feasible even in the absence of a physical direct connection between the endpoints.
-
the Fs interface shall support control plane and user plane separation;

-
the Fs interface shall separate Radio Network Layer and Transport Network Layer;

-
the Fs interface shall be future proof to fulfil different new requirements, support new services and new functions;

-
the Fs interface shall support the configuration of resources in the gNB-DU by the gNB-CU;

-
the Fs interface shall support Fs setup to exchange application level configuration data needed for two endpoints to interoperate correctly over the Fs interface;
-
the Fs interface shall support UE context management to configure, modify or release UE context in a gNB;

-
the Fs interface shall support bearer management to configure, modify or release radio bearers for a UE.

4.3
Fs interface specification objectives

The Fs interface specification shall facilitate the following:

-
inter-connection of gNB-DU with gNB-CU supplied by different manufacturers;

-
separation of Fs interface Radio Network functionality and Transport Network functionality to facilitate introduction of future technology.

4.4
Fs interface capabilities

The Fs interface supports:

-
procedures to establish, maintain and release NR bearers;

-
the separation of each UE on the protocol level for user specific signalling management;

-
the transfer of RRC signalling messages between gNB-CU and gNB-DU;

-
mechanisms for resource reservation for packet data streams.

4.5
Fs interface characteristics

4.5.1
Use of the Stream Control Transmission Protocol (SCTP)

The SCTP protocol (IETF RFC 4960) is used to support the exchange of Fs Application Protocol (FsAP) signalling messages between a gNB-CU and a gNB-DU.

Proposal 3: It is proposed to agree on the general aspects and architecture for Fs interface provided in Section 4.

5
Functions of the Fs interface protocols and functional split

5.1
General

The following clauses describe the functions supported over Fs-C and Fs-U to fulfil the Fs interface capabilities.

5.2
Fs link management function

5.2.1
GTP-U tunnel management function

This function is used to establish and release GTP-U (3GPP TS 29.281) tunnels between the gNB-CU and the gNB-DU upon a bearer service request. This involves assigning a tunnel identifier for each direction.

5.2.2
Fs signalling link management function

The Fs signalling link management function provides a reliable transfer of the radio network signalling between gNB-DU and gNB-CU.

5.3
Fs interface management function

The error indication function is used by the gNB-DU to indicate to the gNB-CU that a logical error has occurred.

The reset function is used to initialize the peer entity after node setup and after a failure event occurred. This procedure can be used by both the gNB-DU and gNB-CU.

The Fs setup (respectively the gNB-DU and gNB-CU configuration update) function allows to exchange (respectively update) application level data needed for the gNB-DU and gNB-CU to interoperate correctly on the Fs interface. 

5.4
Logical O&M function of gNB-DU
Logical O&M function is the signalling associated with the control of logical resources (including channels, cells, beams, etc.) owned by the gNB-CU but physically implemented in the gNB-DU. The CU controls these logical resources. A number of O&M procedures implemented in the gNB-DU impact logical resources and therefore require information exchange between gNB-CU and gNB-DU. All messages needed to support this information exchange are classified as Logical O&M forming an integral part of FsAP over the Fs interface. This function enables a gNB-CU and associated gNB-DUs as integrated single network entity (i.e. as a gNB) from O&M.
5.5
System Information management function
Information used for scheduling and transmission of System Information on the radio interface is sent by the gNB-CU to a gNB-DU. Scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the received System Information according to the scheduling parameters provided. 
Some parts of the System Information (including SFN) is generated by the gNB-DU. If requested by the gNB-CU, the gNB-DU is responsible for creating and updating this gNB-DU related parts of the System Information according to the scheduling parameters provided.

5.6
Fs UE context management function

The Fs UE context management function supports the establishment of the necessary overall initial UE context.
The establishment of the overall initial UE context is initiated by the gNB-CU.
The Fs UE context management function also supports the release of the context previously established in the gNB-DU. The release of the context is triggered by the gNB-CU either directly or following a request received from the gNB-DU.

5.7
Bearer management function

The bearer management function is responsible for establishing, modifying and releasing radio bearer resources for user data transport once a UE context is available in the gNB-DU. The establishment and modification of radio bearer resources is triggered by the gNB-CU and requires respective QoS information to be provided to the gNB-DU.

5.8
Mobility functions for UEs in Active mode
5.8.1
Intra-gNB-CU handover

The Intra-gNB-CU handover function supports mobility for UEs in ACTIVE mode and comprises the preparation, execution and completion of handover via the Fs interface.

Proposal 4: It is proposed to agree that the specification should enable a gNB-CU and associated gNB-DUs as integrated single network entity (i.e. as a gNB) from O&M.

Proposal 5: It is proposed to agree on the Functions of the Fs interface protocols and functional split provided in Section 5.

6
Fs interface protocols and protocol structure

6.1
General

There shall exist a clear separation between the Radio Network Layer and the Transport Layer. Therefore, the radio network signalling and Fs data streams are separated from the data transport resource and traffic handling as shown in Figure 6.1-1. 
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Figure 6.1-1: Separation of Radio Network Protocols and transport over Fs
6.2
Fs Control Plane Protocol (Fs-C)
Figure 6.2-1 shows the protocol structure for Fs-C.
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Figure 6.2-1: Interface protocol structure for Fs-C
The Transport Network Layer (TNL) is based on IP transport, comprising the Stream Control Transmission Protocol (SCTP) on top of IP.

6.3
Fs User Plane Protocol (Fs-U)
Figure 6.3-1 shows the protocol structure for Fs-U.
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Figure 6.3-1: Interface protocol structure for Fs-U

Proposal 6: It is proposed to agree on the protocol structure for Fs interface provided in Section 6.

Proposal 7: It is proposed to agree on the TP for a new TS to specify Fs general aspects and principles.

7
Summary
Proposal 1: It is proposed to agree on the specification structure to specify Fs interface provided in Section 2, assuming that the NR WID will be revised in TSG RAN#76.

Proposal 2: It is proposed to agree on the definitions for Fs interface provided in Section 3.

Proposal 3: It is proposed to agree on the general aspects and architecture for Fs interface provided in Section 4.

Proposal 4: It is proposed to agree that the specification should enable a gNB-CU and associated gNB-DUs as integrated single network entity (i.e. as a gNB) from O&M.

Proposal 5: It is proposed to agree on the Functions of the Fs interface protocols and functional split provided in Section 5.

Proposal 6: It is proposed to agree on the protocol structure for Fs interface provided in Section 6.

Proposal 7: It is proposed to agree on the TP for a new TS to specify Fs general aspects and principles.

NOTE: A skeleton part is included only as example in order to provide technical content.
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1
Scope

The present document is an introduction to the 3GPP TS 38.4x0 series of technical specifications that define the Fs interface for the interconnection of the gNB component of the NextGen Radio Access Network (NG-RAN).

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]
3GPP TR 21.905: "Vocabulary for 3GPP Specifications". 

[2]
3GPP TS 38.300: "NextGen Radio Access Network (NG-RAN); Overall description; Stage 2".

[3]

3GPP TS 38.4x1: "NextGen Radio Access Network (NG-RAN); Fs layer 1". 

[4]
3GPP TS 38.4x2: "NextGen Radio Access Network (NG-RAN); Fs signalling transport". 

[5]
3GPP TS 38.4x3: "NextGen Radio Access Network (NG-RAN); Fs Application Protocol (FsAP)". 

[6]
3GPP TS 38.4x4: "NextGen Radio Access Network (NG-RAN); Fs data transport".

[7]
3GPP TS 38.4x5: "NextGen Radio Access Network (NG-RAN); Fs interface user plane protocol".

[8]
IETF RFC 4960 (2007-09): "Stream Control Transmission Protocol".

[9]
3GPP TS 29.281: "General Packet Radio Service (GPRS); GPRS Tunnelling Protocol User Plane (GTPv1-U)".

3
Definitions and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in 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 TR 21.905 [1].
gNB Central Unit (gNB-CU): a logical node that includes the gNB functions excepting those functions allocated exclusively to the gNB-DU as defined in TS 38.300 [2]. One gNB-CU controls the operation of one or more gNB-DUs. The gNB-CU terminates NG, S1, Xn and X2 interfaces and is visible to the other logical nodes as gNB. The gNB-CU also terminates Fs interface connected with the gNB-DU.

Editor’s note: How many gNB-DUs can be operated by one gNB-CU is FFS.
gNB Distributed Unit (gNB-DU): a logical node that includes, depending on the functional split option, a subset of the gNB functions as defined in TS 38.300 [2]. The operation of a gNB-DU is controlled by the gNB-CU. The gNB-DU terminates Fs interface connected with the gNB-CU.

gNB: as defined in TS 38.300 [2].

3.2
Abbreviations

For the purposes of the present document, the abbreviations given in 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 TR 21.905 [1].

gNB-CU
gNB Central Unit

gNB-DU
gNB Distributed Unit

GTP-U
GPRS Tunnelling Protocol

IP
Internet Protocol

O&M
Operation and Maintenance

QoS
Quality of Service

RNL
Radio Network Layer

Fs-U
Fs User plane interface

Fs-C
Fs Control plane interface

FsAP
Fs Application Protocol

SCTP
Stream Control Transmission Protocol

TNL
Transport Network Layer

3.3
Specification notations

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

Procedure
When referring to a procedure in the specification the Procedure Name is written with the first letters in each word in upper case characters followed by the word "procedure", e.g. Radio Network Layer (RNL) procedures.

Message
When referring to a message in the specification the MESSAGE NAME is written with all letters in upper case characters followed by the word "message", e.g. RADIO LINK SETUP REQUEST message.

4
General aspects

This clause captures the Fs interface principles and characteristics. 

4.1
Architecture for gNB-CU and gNB-DU

The architecture for gNB-CU and gNB-DU is applied only for a gNB. The architecture of gNB with gNB-CU and gNB-DUs is shown in Figure 4-1. Fs-C and Fs-U provide C-plane and U-plane over Fs interface, respectively.
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Figure 4-1: Architecture for gNB-CU and gNB-DU
Fs is a logical interface. 

There is one Fs-C logical interface towards the gNB-CU from any one gNB-DU.
There is one Fs-U logical interface towards the gNB-CU from any one gNB-DU.
4.2
Fs interface general principles

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

-
the Fs interface shall be open;

-
the Fs interface shall support the exchange of signalling information between the endpoints;
-
from a logical standpoint, the Fs is a point-to-point interface between the endpoints. 
NOTE:
A point-to-point logical interface should be feasible even in the absence of a physical direct connection between the endpoints.
-
the Fs interface shall support control plane and user plane separation;

-
the Fs interface shall separate Radio Network Layer and Transport Network Layer;

-
the Fs interface shall be future proof to fulfil different new requirements, support new services and new functions;

-
the Fs interface shall support the configuration of resources in the gNB-DU by the gNB-CU;

-
the Fs interface shall support Fs setup to exchange application level configuration data needed for two endpoints to interoperate correctly over the Fs interface;
-
the Fs interface shall support UE context management to configure, modify or release UE context in a gNB;

-
the Fs interface shall support bearer management to configure, modify or release radio bearers for a UE.

4.3
Fs interface specification objectives

The Fs interface specification shall facilitate the following:

-
inter-connection of gNB-DU with gNB-CU supplied by different manufacturers;

-
separation of Fs interface Radio Network functionality and Transport Network functionality to facilitate introduction of future technology.

4.4
Fs interface capabilities

The Fs interface supports:

-
procedures to establish, maintain and release NR bearers;

-
the separation of each UE on the protocol level for user specific signalling management;

-
the transfer of RRC signalling messages between gNB-CU and gNB-DU;

-
mechanisms for resource reservation for packet data streams.

4.5
Fs interface characteristics

4.5.1
Use of the Stream Control Transmission Protocol (SCTP)

The SCTP protocol (IETF RFC 4960 [8]) is used to support the exchange of Fs Application Protocol (FsAP) signalling messages between a gNB-CU and a gNB-DU.

5
Functions of the Fs interface protocols and functional split

5.1
General

The following clauses describe the functions supported over Fs-C and Fs-U to fulfil the Fs interface capabilities.

5.2
Fs link management function

5.2.1
GTP-U tunnel management function

This function is used to establish and release GTP-U (3GPP TS 29.281 [9]) tunnels between the gNB-CU and the gNB-DU upon a bearer service request. This involves assigning a tunnel identifier for each direction.

5.2.2
Fs signalling link management function

The Fs signalling link management function provides a reliable transfer of the radio network signalling between gNB-DU and gNB-CU.

5.3
Fs interface management function

The error indication function is used by the gNB-DU to indicate to the gNB-CU that a logical error has occurred.

The reset function is used to initialize the peer entity after node setup and after a failure event occurred. This procedure can be used by both the gNB-DU and gNB-CU.

The Fs setup (respectively the gNB-DU and gNB-CU configuration update) function allows to exchange (respectively update) application level data needed for the gNB-DU and gNB-CU to interoperate correctly on the Fs interface. 

5.4
Logical O&M function of gNB-DU
Logical O&M function is the signalling associated with the control of logical resources (including channels, cells, beams, etc) owned by the gNB-CU but physically implemented in the gNB-DU. The CU controls these logical resources. A number of O&M procedures implemented in the gNB-DU impact logical resources and therefore require information exchange between gNB-CU and gNB-DU. All messages needed to support this information exchange are classified as Logical O&M forming an integral part of FsAP over the Fs interface. This function enables a gNB-CU and associated gNB-DUs as integrated single network entity (i.e. as a gNB) from O&M.
5.5
System Information management function
Information used for scheduling and transmission of System Information on the radio interface is sent by the gNB-CU to a gNB-DU. Scheduling of system broadcast information is carried out in the gNB-DU. The gNB-DU is responsible for transmitting the received system information according to the scheduling parameters provided. 

Some parts of the System Information (including SFN) is generated by the gNB-DU. If requested by the gNB-CU, the gNB-DU is responsible for creating and updating this gNB-DU related parts of the System Information according to the scheduling parameters provided.

5.6
Fs UE context management function

The Fs UE context management function supports the establishment of the necessary overall initial UE context.
The establishment of the overall initial UE context is initiated by the gNB-CU.
The Fs UE context management function also supports the release of the context previously established in the gNB-DU. The release of the context is triggered by the gNB-CU either directly or following a request received from the gNB-DU.

5.7
Bearer management function

The bearer management function is responsible for establishing, modifying and releasing radio bearer resources for user data transport once a UE context is available in the gNB-DU. The establishment and modification of radio bearer resources is triggered by the gNB-CU and requires respective QoS information to be provided to the gNB-DU.

5.8
Mobility functions for UEs in Active mode
5.8.1
Intra-gNB-CU handover

The Intra-gNB-CU handover function supports mobility for UEs in ACTIVE mode and comprises the preparation, execution and completion of handover via the Fs interface.

6
Fs interface protocols and protocol structure

6.1
General

There shall exist a clear separation between the Radio Network Layer and the Transport Layer. Therefore, the radio network signalling and Fs data streams are separated from the data transport resource and traffic handling as shown in Figure 6.1-1. 
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Figure 6.1-1: Separation of Radio Network Protocols and transport over Fs
6.2
Fs Control Plane Protocol (Fs-C)
Figure 6.2-1 shows the protocol structure for Fs-C.
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Figure 6.2-1: Interface protocol structure for Fs-C
The Transport Network Layer (TNL) is based on IP transport, comprising the Stream Control Transmission Protocol (SCTP) on top of IP.

6.3
Fs User Plane Protocol (Fs-U)
Figure 6.3-1 shows the protocol structure for Fs-U.
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Figure 6.3-1: Interface protocol structure for Fs-U

7
Other Fs interface specifications

This clause contains the description of the other related 3GPP specifications.

7.1
NG-RAN Fs interface: layer 1 (3GPP TS 38.4x1)

3GPP TS 38.4x1 [3] specifies the physical layer technologies that may be used to support the Fs interface.

7.2
NG-RAN Fs interface: signalling transport (3GPP TS 38.4x2)

3GPP TS 38.4x2 [4] specifies the signalling bearers for the FsAP for the Fs-C interface.

7.3
NG-RAN Fs interface: FsAP specification (3GPP TS 38.4x3)

3GPP TS 38.4x3 [5] specifies the FsAP protocol for radio network control plane signalling over the Fs interface.

7.4
NG-RAN Fs interface: data transport and transport signalling (3GPP TS 38.4x4)

3GPP TS 38.4x4 [6] specifies the transport bearers for the user plane of the Fs-U interface.
7.5
NG-RAN Fs interface: user plane protocol (3GPP TS 38.4x5)

3GPP TS 38.4x5 [7] specifies the user plane protocol of the Fs-U interface. 
End of Text Proposal to a new TS 38.4x0
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