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Rationale

The TS 28.625 [2] and [3] has definitions on operational state, usage state and administrative state. See quotation below.
“

	operationalState
	It indicates the operational state of the object instance. "It describes whether or not the resource is physically installed and working." [7] This attribute is READ-ONLY.

The meaning of these values is as defined in ITU‑T Recommendation X.731 [7].

allowedValues: “Enabled”, “Disabled”.

	type: String

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None 

isNullable: False

	usageState
	It indicates the usage state of the object instance. "It describes whether or not the resource is actively in use at a specific instant, and if so, whether or not it has spare capacity for additional users at that instant." [7] This attribute is READ-ONLY.

The meaning of these values is as defined in ITU‑T Recommendation X.731 [7].

allowedValues: "Idle", "Active", "Busy".


	type: String

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: False

	administrativeState
	It indicates the administrative state of the object instance. "It describes the permission to use or prohibition against using the resource, imposed through the management services." [7]

The meaning of these values is as defined in ITU‑T Recommendation X.731 [7].

allowedValues: "Locked", "Shutting down", "Unlocked".


	type: String

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: False


“
We suggest modifying the usage state defined in [3] and [2] from having values {Idle, Active, Busy} to having {Idle, Inactive, Active).
The reason for not using value ‘Busy’ is because there is no one criteria to determine if the cell “has spare capacity for additional users at that instant." (quoted from [2] and [3]) since, for example, the best effort usage or high priority users may always be allowed into a cell.
The reason for introducing value ‘Inactive’ is to account for the use of the two RAN defined logical nodes [4] (see A and B below) gNB-CU and gNB-DU and that the gNB-DU is responsible for cell configuration, setup and release while the gNB-CU is responsible for cell activation/deactivation.
A. The RAN defined “logical node (gNB-CU) hosting RRC, SDAP and PDCP protocols of the gNB or RRC and PDCP protocols of the en-gNB, and controls the operation of one or more gNB-DUs” (see subclause 3.1 Definition of [4]); and 
B. The “logical node (gNB-DU) hosting RLC, MAC and PHY layers of the gNB or en-gNB” (see subclause 3.1 Definition of [4].

Another reason is to use the definitions of Inactive and Active in subclause 8.5: “F1 startups and cell activation” of [4] and in quotation below:
“
Over the F1 interface between a gNB-CU and a gNB-DU pair, the following two cell states are possible:

· Inactive: the cell is known by both the gNB-DU and the gNB-CU. The cell shall not serve UEs;

· Active: the cell is known by both the gNB-DU and the gNB-CU. The cell should be able to serve UEs.

“

The ITU-T X.731 [3], to which [2] refers, has defined the inter-relation between the administrative state, operational state and usage state of systems in general. See appendix of a copy of the ITU-T X.731 [3] Combined state diagram.

We suggest using the same, but with the modified new usage state, for the Combined state diagram for gNB cell.
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Figure 1: Combined gNB cell state diagram

The gNB-DU maintains cell states. The following table is the gNB cell state transition table. 

In 3-split and 2-split deployment scenarios, the interactions between gNB-CU and gNB-DU are standardized. The interactions specified under the column “The state transition events and actions” of “The gNB Cell state transition table” below must be present for the state transition.

In the non-split deployment scenarios, the interactions between gNB-CU and gNB-DU are not standardized. The interactions between gNB-CU and gNB-DU specified under the column “The state transition events and actions” of “The gNB Cell state transition table” can be replaced by other means that is not standardized.

Table A.2-1: The gNB Cell state transition table

	Transition number


	The state transition events and actions

	1
	Receive request to unlock.



	2
	Receive request to lock.



	2a
	Receive request to lock
Send to gNB-CU the “gNB-DU Configuration Update message” with served cell to delete.

	3
	When the required cell resource is physically installed and working.



	4
	When the required cell resource is not physically installed or is not working. 



	4a
	When the required cell resource is physically uninstalled or is not working. 
Send to gNB-CU the “GNB-DU Configuration Update message” identifying the served cell to delete.



	5
	Receive from gNB-CU the “F1 Setup Response message” (identifying the cell to be activated).

The cell is activated successfully.

----- or -----

Receive from gNB-CU the “gNB-CU Configuration Update message” (identifying cell to be activated e.g., in case that the cell was not activated using the “F1 Setup Response message”).

The cell is activated successfully

----- or -----

Receive from gNB-CU the “gNB-DU Configuration Update Acknowledge message” (identifying cell to be activated e.g., in case that the cell was not activated using the “F1 Setup Response message”).

The cell is activated successfully.


	6
	Receive from gNB-CU the “gNB-CU Configuration Update message” and responds with gNB-CU Configuration Update Acknowledge messages.

	7
	Send to gNB-CU the “F1 Setup request” (identifying the cell that is configured and ready to be activated).

----- or -----

Send to gNB-CU the “gNB-DU Configuration Update message” with the served cell to add.


	8
	Sends to gNB-CU the “gNB-DU Configuration Update message” with served cell to delete. Receive response from gNB-CU the “gNB-DU Configuration Update Acknowledge message”.

	9
	Receive request to shut down.



	10
	Last user quit.

Send to gNB-CU the “GNB-DU Configuration Update message” with served cell to delete.



	11
	When a cell is created and is configured.



	12
	When a cell is deleted.




4
Detailed proposal

	1st modified section


4.3.6
NRCellCU
4.3.6.1
Definition

This IOC represents the information required by CU that is responsible for the management of inter-cell mobility and neighbor relations via ANR. 

The nCGI attribute, holding the NR Cell Global identifier (NCGI), see subclause 8.2 of TS 38.300 [3], serves as the ‘link’ between this IOC instance and a NRCellDU IOC instance holding the same NCGI in its nCGI attribute.
4.3.6.2
Attributes

	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	
	
	
	
	
	

	
	
	
	
	
	

	
	
	
	
	
	

	nCGI
	M
	M
	M
	-
	M

	pLMNIdList
	M
	M
	M
	-
	M

	nSSAI
	CM
	M
	M
	-
	M

	rRMPolicy
	CM
	M
	M
	-
	M

	Attribute related to role
	
	
	
	
	


Note 1: No state propagation shall be implied.

Note 2: The attribute value change is conveyed by the notifyStateChange notification.
4.3.6.3
Attribute constraints

	Name
	Definition

	nSSAI CM Support Qualifier
	The condition is “network slicing feature is supported”.

	rRMPolicy CM Support Qualifier
	The condition is “network slicing feature is supported”.


4.3.7
NRCellDU
4.3.7.1
Definition

This IOC represents the information of a cell known by DU. The procedure for cell setup is initiated from the DU, thus requiring a notion of a cell. The DU owns the resources realizing the cell, thus requiring a notion of a cell owning the specific resources instances. 
The nCGI attribute, holding the NR Cell Global identifier (NCGI), see subclause 8.2 of TS 38.300 [3], serves as the ‘link’ between this IOC instance and a NRCellCU IOC instance holding the same NCGI in its nCGI attribute.
4.3.7.2
Attributes

	Attribute name
	Support Qualifier
	isReadable
	isWritable
	isInvariant
	isNotifyable

	nCGI
	M
	M
	M
	-
	M

	operationalState (see Note 1)
	M
	M
	-
	-
	M (see Note 2)

	administrativeState (see Note 1)
	M
	M
	M
	-
	M (see Note 2)

	availabilityStatus (see Note 1)
	M
	M
	
	
	M (see Note 2)

	usageState (see Note 1)
	M
	M
	-
	-
	M (see Note 2)

	pLMNIdList
	M
	M
	M
	-
	M

	nSSAI
	CM
	M
	M
	-
	M

	nRPCI
	M
	
	
	
	

	nRTac
	M
	
	
	
	

	pointAArfcnULFDD
	CM
	
	
	
	

	pointAArfcnDLFDD
	CM
	
	
	
	

	pointAArfcnTDD
	CM
	
	
	
	

	Attribute related to role
	
	
	
	
	

	nRSectorCarrier
	M
	
	
	
	


Note 1: No state propagation shall be implied.

Note 2: The attribute value change is conveyed by the notifyStateChange notification.
4.3.7.3
Attribute constraints

	Name
	Definition

	nSSAI CM Support Qualifier
	The condition is “network slicing feature is supported”.

	pointAArfcnULFDD CM Support Qualifier
	Condition: NR FDD is supported.

	pointAArfcnDLFDD CM Support Qualifier
	Condition: NR FDD is supported.

	pointAArfcnTDD CM Support Qualifier
	Condition: NR TDD is supported.


	2nd modified section


4.4
Attribute definitions

4.4.1
Attribute properties
	Attribute Name
	Documentation and Allowed Values
	Properties

	NRCellDU.administrativeState
	It indicates the administrative state of the NRCellDU. It describes the permission to use or prohibition against using the cell, imposed through the OAM services.

allowedValues: "Locked", "Shutting down" or "Unlocked" 

The meaning of these values is as defined in ITU‑T Recommendation X.731 [18].

See Appendix A for Relation between the “Pre-operation state of the gNB-DU Cell” and administrative state relevant in case of 2-split and 3-split deployment scenarios.

	type:String
multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: Locked

isNullable: False



	NRCellDU.operationalState
	It indicates the operational state of the NRCellDU instance. It describes whether the resource is installed and partially or fully operable (Enabled) or the resource is not installed or not operable (Disabled).
allowedValues: “Enabled”, “Disabled”.


	type: String

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None 

isNullable: False


	NRCellDU.usageState
	It indicates the usage state of the NRCellDU instance. It describes whether the cell is not currently in use (Idle), or currently in use but not configured to carry traffic (Inactive) or is currently in use and is configured to carry traffic (Active).
The Inactive and Active definitions are in accordance with TS 38.401 [??]:

“Inactive: the cell is known by both the gNB-DU and the gNB-CU. The cell shall not serve UEs;
Active: the cell is known by both the gNB-DU and the gNB-CU. The cell should be able to serve UEs.”
”
allowedValues: "Idle", "Inactive", "Active".


	type: String

multiplicity: 1

isOrdered: N/A

isUnique: N/A

defaultValue: None

isNullable: False



	3rd modified section


Annex A (normative): Cell state handling
A.1

Relation between the administrative state and the “Pre-operation state of the gNB-DU Cell” 

The administrative state indicates the permission to use or prohibition against using the cell, imposed through the OAM services. The administrative state has three values: "Locked", "Shutting down" or "Unlocked" 

The meanings of these values are defined in ITU‑T Recommendation X.731 [18].
The relation between the administrative state and the “Pre-operation state of the gNB-DU Cell” is defined in subclause 8.5 of TS 38.401 [4]. See below an extract from subclause 8.5 of TS 38.401 [4] on the F1 startup and cell activation. 
If the operationalState is “Enabled” (i.e. the resource is physically installed and working) and if the administrativeState is “Unlocked”, the step “0: Pre-operational state” will exit and the step “1: F1 Setup Request” will be executed.  

“

8.5

F1 Startup and cells activation

This function allows to setup the F1 interface between a gNB-DU and a gNB-CU and it allows to activate the gNB-DU cells.
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Figure 8.5-1: F1 startup and cell activation
A.2 
Combined state diagram for gNB cell
This is the Combined state diagram for gNB cell.
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Figure 1: Combined gNB cell state diagram

The gNB-DU maintains cell states. The following table is the gNB cell state transition table. 

In 3-split and 2-split deployment scenarios, the interactions between gNB-CU and gNB-DU are standardized. The interactions specified under the column “The state transition events and actions” of “The gNB Cell state transition table” below must be present for the state transition.

In the non-split deployment scenarios, the interactions between gNB-CU and gNB-DU are not standardized. The interactions between gNB-CU and gNB-DU specified under the column “The state transition events and actions” of “The gNB Cell state transition table” can be replaced by other means that is not standardized.

Table A.2-1: The gNB Cell state transition table

	Transition number


	The state transition events and actions

	1
	Receive request to unlock.



	2
	Receive request to lock.



	2a
	Receive request to lock

Send to gNB-CU the “gNB-DU Configuration Update message” with served cell to delete.

	3
	When the required cell resource is physically installed and working.



	4
	When the required cell resource is not physically installed or is not working. 



	4a
	When the required cell resource is physically uninstalled or is not working. 

Send to gNB-CU the “GNB-DU Configuration Update message” identifying the served cell to delete.



	5
	Receive from gNB-CU the “F1 Setup Response message” (identifying the cell to be activated).

The cell is activated successfully.

----- or -----

Receive from gNB-CU the “gNB-CU Configuration Update message” (identifying cell to be activated e.g., in case that the cell was not activated using the “F1 Setup Response message”).

The cell is activated successfully

----- or -----

Receive from gNB-CU the “gNB-DU Configuration Update Acknowledge message” (identifying cell to be activated e.g., in case that the cell was not activated using the “F1 Setup Response message”).

The cell is activated successfully.


	6
	Receive from gNB-CU the “gNB-CU Configuration Update message” and responds with gNB-CU Configuration Update Acknowledge messages.

	7
	Send to gNB-CU the “F1 Setup request” (identifying the cell that is configured and ready to be activated).

----- or -----

Send to gNB-CU the “gNB-DU Configuration Update message” with the served cell to add.


	8
	Sends to gNB-CU the “gNB-DU Configuration Update message” with served cell to delete. Receive response from gNB-CU the “gNB-DU Configuration Update Acknowledge message”.

	9
	Receive request to shut down.



	10
	Last user quit.

Send to gNB-CU the “GNB-DU Configuration Update message” with served cell to delete.



	11
	When a cell is created and is configured.



	12
	When a cell is removed.




	End of modified section


Appendix A: ITU-T X.731 Combined state diagram

Here is an extract from ITU-T X.731 on Combined state diagram.
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