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1
Introduction
This paper provides the text proposal of Stage 3 (F1AP) functions, system information management, measurement management, F1 UE context management and bearer management procedures, as per Stage 2 discussion and proposal in [1]. The text proposal also contains the removal of FFS related to AP ID definition based on the architecture proposal in [2], and to add the other direction of Error Indication. Introduction of load management procedures is proposed in another contribution [3].
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3.1
Definitions

Elementary Procedure: F1AP consists of Elementary Procedures (EPs). An Elementary Procedure is a unit of interaction between gNB-CU and gNB-DU. These Elementary Procedures are defined separately and are intended to be used to build up complete sequences in a flexible manner. If the independence between some EPs is restricted, it is described under the relevant EP description. Unless otherwise stated by the restrictions, the EPs may be invoked independently of each other as standalone procedures, which can be active in parallel. The usage of several F1AP EPs together or together with EPs from other interfaces is specified in stage 2 specifications (e.g., TS 38.300 [3]).
An EP consists of an initiating message and possibly a response message. Two kinds of EPs are used:

-
Class 1: Elementary Procedures with response (success and/or failure).

-
Class 2: Elementary Procedures without response.

For Class 1 EPs, the types of responses can be as follows:

Successful:

-
A signalling message explicitly indicates that the elementary procedure successfully completed with the receipt of the response.

Unsuccessful:

-
A signalling message explicitly indicates that the EP failed.

-
On time supervision expiry (i.e., absence of expected response).

Successful and Unsuccessful:

-
One signalling message reports both successful and unsuccessful outcome for the different included requests. The response message used is the one defined for successful outcome.

Class 2 EPs are considered always successful.

gNB-CU UE F1AP ID: A gNB-CU UE F1AP ID shall be allocated so as to uniquely identify the UE over the F1 interface within a gNB-CU and an associated gNB-DU. When a gNB-DU receives a gNB-CU UE F1AP ID it shall store it for the duration of the UE-associated logical F1-connection for this UE. The gNB-CU UE F1AP ID shall be unique within the gNB-CU logical node and the associated gNB-DU logical node. 

UE-associated signalling: When F1AP messages associated to one UE uses the UE-associated logical F1-connection for association of the message to the UE in gNB-DU and gNB-CU.

UE-associated logical F1-connection: The UE-associated logical F1-connection uses the identities GNB-CU UE F1AP ID. For a received UE associated F1AP message the gNB-CU and gNB-DU identify the associated UE based on the GNB-CU UE F1AP ID IE. The UE-associated logical F1-connection may exist before the F1 UE context is setup in gNB-DU.
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7
Functions of F1AP

The F1AP protocol has the following functions:

-
F1 interface management functions comprise the:

-
Reset function to initialize the peer entity after node setup and after a failure event occurred.

-
Error indication function to indicate to the gNB-CU or gNB-DU that a logical error has occurred.

-
F1 setup function to exchange (respectively update) application level data needed for the gNB-DU and gNB-CU.
-
gNB-DU management function: This function controls logical resources (including channels, cells) owned by the gNB-CU but physically implemented in the gNB-DU.
-
System Information management function: This function carries System Information to the gNB-DU so that the gNB-DU transmits the received System Information.
-
Measurement reporting functions comprise the:
-
Common measurement initiation function to initialize the measurements on common resources in a gNB-DU.

-
Common measurement reporting function to report the measurements on common resources to the gNB-CU.

-
Common measurement termination function to terminate the measurements on common resources previously requested by the gNB-CU.
-
Common measurement failure function to notify the gNB-CU that measurements previously requested can no longer be reported. 

-
F1 UE context management functions comprise the:

-
Establishment of the UE context function to initialize the UE context in the gNB-DU.
-
Release of the UE context function to release the UE context in the gNB-DU.
-
Bearer management functions comprise the:
-
Establishment of the radio bearer resources and user data transport.
-
Modification of the radio bearer resources and user data transport.

-
Release of the radio bearer resources and user data transport.

-
RRC message transfer function: This function transfers RRC messages between gNB-CU and gNB-DU.
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F1AP procedures
8.1
List of F1AP Elementary procedures


In the following tables, all EPs are divided into Class 1 and Class 2 EPs (see subclause 3.1 for explanation of the different classes):

Table 1: Class 1 procedures

	Elementary Procedure
	Initiating Message
	Successful Outcome
	Unsuccessful Outcome

	
	
	Response message
	Response message

	Reset
	RESET
	RESET ACKNOWLEDGE
	

	F1 Setup
	F1 SETUP REQUEST
	F1 SETUP RESPONSE
	F1 SETUP FAILURE

	System Information Update
	SYSTEM INFORMATION UPDATE REQUEST
	SYSTEM INFORMATION UPDATE RESPONSE
	SYSTEM INFORMATION UPDATE FAILURE

	Common Measurement Initiation
	COMMON MEASUREMENT INITIATION REQUEST
	COMMON MEASUREMENT INITIATION RESPONSE
	COMMON MEASUREMENT INITIATION FAILURE

	Initial Context Setup
	INITIAL CONTEXT SETUP REQUEST
	INITIAL CONTEXT SETUP RESPONSE
	INITIAL CONTEXT SETUP FAILURE

	UE Context Release
	UE CONTEXT RELEASE COMMAND
	UE CONTEXT RELEASE COMPLETE
	

	Bearer Setup
	BEARER SETUP REQUEST
	BEARER SETUP RESPONSE
	

	Bearer Modify
	BEARER MODIFY REQUEST
	BEARER MODIFY RESPONSE
	

	Bearer Release
	BEARER RELEASE COMMAND
	BEARER RELEASE RESPONSE
	


Table 2: Class 2 procedures

	Elementary Procedure
	Message

	Error Indication
	ERROR INDICATION

	Common Measurement Reporting
	COMMON MEASUREMENT REPORT

	Common Measurement Termination
	COMMON MEASUREMENT TERMINATION REQUEST

	Common Measurement Failure
	COMMON MEASUREMENT FAILURE INDICATION

	UE Context Release Request
	UE CONTEXT RELEASE REQUEST

	Bearer Release Indication
	BEARER RELEASE INDICATION

	RRC Message Transfer
	RRC MESSAGE TRANSFER INDICATION


Next Text Proposal to TS 38.473 (System Information Management)
8.X1
System Information Management procedures
8.X1.1
System Information Update
8.X1.1.1
General
The purpose of the System Information Update procedure is used to apply the appropriate scheduling and contents to the system information segments. The procedure uses non-UE associated signalling.

8.X1.1.2
Successful Operation
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Figure 8.X1.1.2-1: System Information Update procedure. Successful operation.
The gNB-CU initiates the procedure by sending a SYSTEM INFORMATION UPDATE REQUEST message. 

8.X1.1.3
Unsuccessful Operation
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Figure 8.X1.1.3-1: System Information Update procedure. Unsuccessful operation.

If the requested system information cannot be updated, the gNB-DU shall reply with the SYSTEM INFORMATION REQUEST FAILURE message.
8.X1.1.4
Abnormal Conditions

Next Text Proposal to TS 38.473 (Measurement Reporting)
8.X2
Measurement Reporting procedures
8.X2.1
Common Measurement Initiation
8.X2.1.1
General
The purpose of the Common Measurement Initiation procedure is used to request the initiation of measurements on common resources in a gNB-DU. The procedure uses non-UE associated signalling.

8.X2.1.2
Successful Operation
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Figure 8.X2.1.2-1: Common Measurement Initiation procedure. Successful operation.
The gNB-CU initiates the procedure by sending a COMMON MEASUREMENT INITIATION REQUEST message. 

8.X2.1.3
Unsuccessful Operation
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Figure 8.X2.1.3-1: Common Measurement Initiation procedure. Unsuccessful operation.

If the requested measurement cannot be initiated, the gNB-DU shall reply with the COMMON MEASUREMENT INITIATION REQUEST FAILURE message.
8.X2.1.4
Abnormal Conditions

8.X2.2
Common Measurement Reporting
8.X2.2.1
General
The purpose of the Common Measurement Reporting procedure is used to report the result of measurements on common resources in a gNB-DU. The procedure uses non-UE associated signalling.

8.X2.2.2
Successful Operation
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Figure 8.X2.1.2-1: Common Measurement Reporting procedure. Successful operation.
If the requested measurement reporting criteria are met, the gNB-DU shall initiate the Common Measurement Reporting procedure by sending a COMMON MEASUREMENT REPORT message. 

8.X2.2.3
Abnormal Conditions

8.X2.3
Common Measurement Termination
8.X2.3.1
General
The purpose of the Common Measurement Termination procedure is used to terminate measurements on common resources in a gNB-DU previously requested by the gNB-CU. The procedure uses non-UE associated signalling.

8.X2.3.2
Successful Operation
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Figure 8.X2.3.2-1: Common Measurement Termination procedure. Successful operation.
The gNB-CU initiates the procedure by sending a COMMON MEASUREMENT TERMINATION REQUEST message. 

8.X2.3.3
Abnormal Conditions

8.X2.4
Common Measurement Failure
8.X2.4.1
General
The purpose of the Common Measurement Failure procedure is used to notify the gNB-CU that measurements previously requested by the Common Measurement Initiation procedure can no longer be reported. The procedure uses non-UE associated signalling.

8.X2.4.2
Successful Operation
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Figure 8.X2.4.2-1: Common Measurement Failure procedure. Successful operation.
The gNB-CU initiates the procedure by sending a COMMON MEASUREMENT FAILURE INDICATION message to inform the gNB-CU that previously requested measurements can no longer be reported. The gNB-DU locally terminates the indicated measurements. 

8.X2.4.3
Abnormal Conditions

Next Text Proposal to TS 38.473 (F1 UE Context Managament)
8.X3
F1 UE Context Management procedures
8.X3.1
Initial Context Setup
8.X3.1.1
General
The purpose of the Initial Context Setup procedure is used to establish the necessary overall initial UE Context. The procedure uses UE-associated signalling.

8.X3.1.2
Successful Operation
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Figure 8.X3.1.2-1: Initial Context Setup procedure. Successful operation.
The gNB-CU initiates the procedure by sending an INITIAL CONTEXT SETUP REQUEST message. 

8.X3.1.3
Unsuccessful Operation

[image: image9.wmf] 

INITIAL CONTEXT SETUP

 

FAILURE

 

INITIAL CONTEXT SETUP REQUEST

 

gNB

-

DU

 

gNB

-

CU

 


Figure 8.X3.1.3-1: Initial Context Setup procedure. Unsuccessful operation.

If the gNB-DU is not able to establish an F1 UE context, or cannot even establish one bearer it shall consider the procedure as failed and reply with the INITIAL CONTEXT SETUP FAILURE message.
8.X3.1.4
Abnormal Conditions

8.X3.2
UE Context Release Request (gNB-DU initiated)

8.X3.2.1
General

The purpose of the UE Context Release Request procedure is to enable the gNB-DU to request the gNB-CU to release the UE-associated logical F1-connection. The procedure uses UE-associated signalling.

8.X3.2.2
Successful Operation


[image: image10.wmf] 

UE 

CONTEXT

 

RELEASE REQUEST

 

gNB

-

DU

 

gNB

-

CU

 


Figure 8.X3.2.2-1: UE Context Release Request procedure – gNB-DU initiated. Successful operation.

The gNB-DU controlling a UE-associated logical F1-connection initiates the procedure by generating a UE CONTEXT RELEASE REQUEST message towards the affected gNB-CU. 

8.X3.2.3
Abnormal Conditions

8.X3.3
UE Context Release (gNB-CU initiated)

8.X3.3.1
General

The purpose of the UE Context Release procedure is to enable the gNB-CU to order the release of the UE-associated logical F1-connection. The procedure uses UE-associated signalling.
8.X3.3.2
Successful Operation
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Figure 8.X3.3.2-1: UE Context Release procedure – gNB-CU initiated. Successful operation.

The gNB-CU initiates the procedure by sending the UE CONTEXT RELEASE COMMAND message to the gNB-DU. 

8.X3.3.3
Abnormal Conditions

Next Text Proposal to TS 38.473 (Bearer Management)
8.X4
Bearer Management procedures

8.X4.1
Bearer Setup

8.X4.1.1
General

The purpose of the Bearer Setup procedure is to assign radio and F1 resources for one or several bearers and to setup corresponding Data Radio Bearers for a given UE. The procedure uses UE-associated signalling.

8.X4.1.2
Successful Operation
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Figure 8.X4.1.2-1: Bearer Setup procedure. Successful operation.

The gNB-CU initiates the procedure by sending a BEARER SETUP REQUEST message to the gNB-DU. 

8.X4.1.3
Unsuccessful Operation

8.X4.1.4
Abnormal Conditions

8.X4.2
Bearer Modify

8.X4.2.1
General

The purpose of the Bearer Modify procedure is to enable modifications of already established bearers for a given UE. The procedure uses UE-associated signalling.

8.X4.2.2
Successful Operation
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Figure 8.X4.2.2-1: Bearer Modify procedure. Successful operation.

The gNB-CU initiates the procedure by sending a BEARER MODIFY REQUEST message to the gNB-DU. 

8.X4.2.3
Unsuccessful Operation

8.X4.2.4
Abnormal Conditions

8.X4.3
Bearer Release (gNB-DU initiated)
8.X4.3.1
General

The purpose of the Bearer Release procedure is to enable the gNB-DU to order the release of already established bearers for a given UE. The procedure uses UE-associated signalling.
8.X4.3.2
Successful Operation


[image: image14.wmf] 

BEARER

 

RELEASE INDICATION

 

gNB

-

DU

 

gNB

-

CU

 


Figure 8.X4.3.2-1: Bearer Release Indication procedure – gNB-DU initiated. Successful operation.

The gNB-DU initiates the procedure by sending a BEARER RELEASE INDICATION message towards the gNB-CU.

8.X4.3.3
Abnormal Conditions

8.X4.4
Bearer Release (gNB-CU initiated)
8.X4.4.1
General

The purpose of the Bearer Release procedure is to enable the gNB-CU to order the release of already established bearers for a given UE. The procedure uses UE-associated signalling.
8.X4.4.2
Successful Operation
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Figure 8.X4.4.2-1: Bearer Release procedure – gNB-CU initiated. Successful operation.

The gNB-CU initiates the procedure by sending a BEARER RELEASE COMMAND message. 

8.X4.4.3
Abnormal Conditions

Next Text Proposal to TS 38.473 (RRC Message Transfer)
8.X5
RRC Message Transfer procedures

8.X5.1
RRC Message Transfer (gNB-DU initiated)
8.X5.1.1
General

The purpose of the RRC Message Transfer (gNB-DU initiated) procedure is to transfer RRC messages to the gNB-CU for a given UE. The procedure uses UE-associated signalling.

8.X5.1.2
Successful Operation
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Figure 8.X5.1.2-1: RRC Message Transfer – gNB-DU initiated. Successful operation.

The gNB-DU initiates the procedure by sending a RRC MESSAGE TRANSFER INDICATION message to the gNB-CU. 

8.X5.1.3
Abnormal Conditions
8.X5.1
RRC Message Transfer (gNB-CU initiated)
8.X6.1.1
General

The purpose of the RRC Message Transfer (gNB-DU initiated) procedure is to transfer RRC messages to the gNB-CU for a given UE. The procedure uses UE-associated signalling.

8.X6.1.2
Successful Operation
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Figure 8.X6.1.2-1: RRC Message Transfer – gNB-CU initiated. Successful operation.

The gNB-CU initiates the procedure by sending a RRC MESSAGE TRANSFER INDICATION message to the gNB-DU. 

8.X6.1.3
Abnormal Conditions

Next Text Proposal to TS 38.473
9
Elements for F1AP Communication

Editor’s Note: Clauses 9 describe the structure of the messages and information elements required for the F1AP protocol in tabular format. 
9.x
Information Element Definitions

9.x.1
Radio Network Layer Related IEs

9.x.2
Transport Network Layer Related IEs

9.x.3
Other IEs

9.x.3.1
gNB-CU UE F1AP ID

The gNB-CU UE F1AP ID uniquely identifies the UE association over the F1 interface within the gNB-CU and the associated gNB-DU.

	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description

	gNB-CU UE F1AP ID
	M
	
	INTEGER (0 .. 232 -1)
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