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1. Introduction
At recent RAN3 meetings, TPs were agreed [1, 2] relating to cell activation and status aspects over F1. Further refinements were agreed at RAN3#101bis [3, 4]. With these changes, the gNB-DU can: 
· 
signal that it is switching off a cell,

· 
report that a cell is unavailable (cannot be activated by the gNB-CU) by deleting the cell in a Configuration Update message,
· 
indicate that an active cell is “out-of-service” (which typically would be used for a temporary fault in activation, or during operation).
These functionalities either do not exist or are rather unclear in Xn. It is relatively simple to clarify activation / deactivation actions in Xn and F1, since the functionality should admit a relative equivalence wherever it makes sense (taking into account that Xn is strictly a Peer-to-peer interface) without imposing a strict one to one mapping between Xn and F1, i.e. the gNB-CU decides on cell exposure over Xn.

This document examines this topic and proposes some changes as a result.

2. Discussion

2.1 Review of existing cell status functionality
Xn functionality

The related Xn functionality is contained in the following procedures:
Cell Activation: 

· Enables a node to request another node to activate indicated cells, receiving node indicates which cells have been successfully activated.

NG-RAN Node Configuration Update:

· Enables a node to update the list of served cells and may provide a deactivation indication for such cells.
F1 functionality

This is described in TS 38.401. Basically,
F1 Setup:

· Enables the activation of some/none/all cells presented by the gNB-DU

Configuration Update

· Enables an activation or deactivation request (by the gNB-CU).
· Enables the gNB-DU to report on the status of active cells (e.g. whether in-service or out-of-service)
· Enables the gNB-DU to indicate that a cell is being switched off

· Enables the gNB-DU to delete cells for any reason (including e.g. maintenance, failure, etc.)

2.2 Gap Analysis

Comparison of functionality

Most of the functions can be mapped across the two interfaces. For example, a cell presented by the gNB-DU, but which the gNB-CU decides not to activate (i.e. the cell is not in the “list of active cells” in F1) can be signalled as “deactivated” in Xn if the gNB-CU wishes to expose this cell to neighbours and enable neighbours to request that the cell be activated. Further, if the gNB-CU has exposed a cell as de-activated to a neighbour, then a request to activate in Xn should trigger a request to activate in F1. However, there are some inconsistencies:
· Unlike F1, Xn has no description of what should happen when a cell cannot become operational. In fact, Xn has no descriptive stage 2 except for MR-DC, and so there does not seem to be any obvious place to document the equivalent of F1 behaviour, e.g.:
· In TS 38.401 “The gNB-DU may also indicate cell(s) to be deleted”, and “If gNB-DU regards that one or more cells cannot become operational, the gNB-DU deletes them and reports them using the gNB-DU Configuration Update”
· Unlike F1, Xn has no mention of the deletion of unavailable cells (in configuration update).

· Unlike F1, Xn has no description of “cell service status”, including “out-of-service”.

· Unlike F1, Xn has no ability to propagate an indication that a cell is being switched off.
Proposed alignments
There is no obvious existing stage 2, but in any case, a stage 2 is not needed because the feature is not system wide, and the gNB-CU has full control on the cell exposure. Therefore, it is proposed to keep changes to a minimum and focus on stage 3 to ensure functionality alignment. The detailed proposed changes are as follows:
1) Within interactions of Cell Activation (TS 38.423) introduce a statement that if a cell fails to activate, the receiving node may initiate a configuration update procedure to indicate the status and/or availability of the cell.
2) Enable indication over Xn of indication (1) that a cell is being switched off, and (2) that a cell is out-of-service

Note: this is implemented by replacing the Deactivation status IE with a Cell Status IE which can provide indication that a cell is deactivated, out-of-service, or that switch off is ongoing. This allows the gNB-CU to choose whether to expose status see over F1. Note that each of the possibilities can be considered mutually exclusive.
Proposal: Agree changes to TS 38.423 provided in the Annex.

3. Conclusions

Based on the analysis of the differences between functionalities in the two interfaces, the detailed proposed changes are as follows:

1) Within interactions of Cell Activation (TS 38.423) introduce a statement that if a cell fails to activate, the receiving node may initiate a configuration update procedure to indicate the status and/or availability of the cell.

2) Enable indication over Xn of indication (1) that a cell is being switched off, and (2) that a cell is out-of-service

Note: this is implemented by replacing the Deactivation status IE with a Cell Status IE which can provide indication that a cell is deactivated, out-of-service, or that switch off is ongoing. This allows the gNB-CU to choose whether to expose status see over F1. Note that each of the possibilities can be considered mutually exclusive.

Proposal: Agree changes to TS 38.423 provided in the Annex.
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Annex: Text Proposal for TS 38.423
8.4.2
NG-RAN node Configuration Update

8.4.2.1
General

The purpose of the NG-RAN node Configuration Update procedure is to update application level configuration data needed for two NG-RAN nodes to interoperate correctly over the Xn-C interface.

The procedure uses non UE-associated signalling.

8.4.2.2
Successful Operation
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Figure 8.4.2.2-1: NG-RAN node Configuration Update, successful operation
The NG-RAN node1 initiates the procedure by sending the NG-RAN NODE CONFIGURATION UPDATE message to a peer NG-RAN node2.

If Supplementary Uplink is configured at the NG-RAN node1, the NG-RAN node1 shall include in the NG-RAN NODE CONFIGURATION UPDATE message the SUL Information IE and the Supported SUL band List IE for each cell added in the Served NR Cells To Add IE and in the Served NR Cells To Modify IE.
If Supplementary Uplink is configured at the NG-RAN node2, the NG-RAN node2 shall include in the NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE message the SUL Information IE and the Supported SUL band List IE for each cell added in the Served NR Cells IE if any.
If the TAI Support List IE is included in the NG-RAN NODE CONFIGURATION UPDATE message, the receiving node shall, if supported, replace any previously provided TAI Support List IE by the received TAI Support List IE.

If the Cell Assistance Information NR IE is present, the NG-RAN node2 may use it to generate the Served NR Cells IE and include the list in the NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE message.

Upon reception of the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall update the information for NG-RAN node1 as follows:

Update of Served Cell Information NR:

-
If Served Cells NR To Add IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall add cell information according to the information in the Served Cell Information NR IE.

-
If Served Cells NR To Modify IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall modify information of cell indicated by Old NR-CGI IE according to the information in the Served Cell Information NR IE.

-
If the Status Indication IE is contained in the Served Cells NR To Modify IE, it indicates the status oft the concerned cell.
-
If Served Cells NR To Delete IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall delete information of cell indicated by Old NR-CGI IE.

Update of Served Cell Information E-UTRA:

-
If Served Cells E-UTRA To Add IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall add cell information according to the information in the Served Cell Information E-UTRA IE.

-
If Served Cells E-UTRA To Modify IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall modify information of cell indicated by Old ECGI IE according to the information in the Served Cell Information E-UTRA IE.

-
If the Status Indication IE is contained in the Served Cells E-UTRA To Modify IE, it indicates the status of the concerned cell.
-
If the Served Cells E-UTRA To Delete IE is contained in the NG-RAN NODE CONFIGURATION UPDATE message, NG-RAN node2 shall delete information of cell indicated by Old ECGI IE.

-
If the Protected E-UTRA Resource Indication IE is included into the NG-RAN NODE CONFIGURATION UPDATE (inside the Served Cell Information E-UTRA IE), the receiving gNB should take this into account for cell-level resource coordination with the ng-eNB. The gNB shall consider the received Protected E-UTRA Resource Indication IE content valid until reception of a new update of the IE for the same ng-eNB. The protected resource pattern indicated in the Protected E-UTRA Resource Indication IE is not valid in subframes indicated by the Reserved Subframes IE (contained in E-UTRA - NR CELL RESOURCE COORDINATION REQUEST messages), as well as in the non-control region of the MBSFN subframes i.e. it is valid only in the control region therein. The size of the control region of MBSFN subframes is indicated in the Protected E-UTRA Resource Indication IE.
*** next change ***

8.4.3
Cell Activation

8.4.3.1
General

The purpose of the Cell Activation procedure is to enable an NG-RAN node to request a neighbouring NG-RAN node to switch on one or more cells, previously reported as inactive due to energy saving.

The procedure uses non UE-associated signalling.

8.4.3.2
Successful Operation
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Figure 8.4.3.2-1: EN-DC Cell Activation, successful operation
The NG-RAN node1 initiates the procedure by sending the CELL ACTIVATION REQUEST message to the peer NG-RAN node2.

Upon receipt of this message, the NG-RAN node2 should activate the cell/s indicated in the CELL ACTIVATION REQUEST message and shall indicate in the CELL ACTIVATION RESPONSE message for which cells the request was fulfilled.

Interactions with NG-RAN Configuration Update procedure:

The NG-RAN node2 shall not send the NG-RAN CONFIGURATION UPDATE message to the NG-RAN node1 just for the reason of the cell/s indicated in the CELL ACTIVATION REQUEST message changing cell activation state according to the request, as the receipt of the CELL ACTIVATION RESPONSE message by the NG-RAN node1 is used to update the information about the activation state of NG-RAN node2 cells in the NG-RAN node1.
If a cell fails to activate, the NG-RAN node2 should send the NG-RAN CONFIGURATION UPDATE message to indicate the status of the cell.
8.4.3.3
Unsuccessful Operation
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Figure 8.4.3.3-1: EN-DC Cell Activation, unsuccessful operation
If the NG-RAN node2 cannot activate any of the cells indicated in the CELL ACTIVATION REQUEST message, it shall respond with the CELL ACTIVATION FAILURE message with an appropriate cause value.

8.4.3.4
Abnormal Conditions

Void.

*** next change ***

9.2.2.15
Served Cells To Update NR

This IE contains updated configuration information for served NR cells exchanged between NG-RAN nodes.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Served Cells NR To Add
	
	0 .. < maxnoofCellsinNG-RAN node>
	
	
	GLOBAL
	reject

	>Served Cell Information NR
	M
	
	9.2.2.11
	
	–
	

	> Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	Served Cells To Modify NR
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	YES
	reject

	>Old NR CGI
	M
	
	NR CGI

9.2.2.7
	
	–
	

	>Served Cell Information NR
	M
	
	9.2.2.11
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	>Status Indication
	O
	
	ENUMERATED (deactivated, ..., switch-off-ongoing, out-of-service)
	Indicates the status of the cell. Deactivated: the cell is switched off (e.g. for energy saving reasons);
Switch-off-ongoing: the NG-RAN node will delete the cell after some time;

Out-of-service: the cell is temporarily not operational.
	–
	

	Served Cells To Delete NR
	
	0 .. < maxnooffCellsinNG-RAN node >
	
	
	YES
	reject

	>Old NR-CGI
	M
	
	NR CGI

9.2.2.7
	
	–
	


	Range bound
	Explanation

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.


9.2.2.16
Served Cells to Update E-UTRA

This IE contains updated configuration information for served E-UTRA cells exchanged between NG-RAN nodes.

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

	Served Cells To Add E-UTRA
	
	0 .. < maxnoofCellsinNG-RAN node>
	
	
	YES
	reject

	>Served Cell Information E-UTRA
	M
	
	9.2.2.12
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	Served Cells To Modify E-UTRA
	
	0 .. <maxnoofCellsinNG-RAN node>
	
	
	YES
	reject

	>Old ECGI
	M
	
	E-UTRA CGI

9.2.2.8
	
	–
	

	>Served Cell Information E-UTRA
	M
	
	9.2.2.12
	
	–
	

	>Neighbour Information NR
	O
	
	9.2.2.13
	
	–
	

	>Neighbour Information E-UTRA
	O
	
	9.2.2.14
	
	–
	

	>Status Indication
	O
	
	ENUMERATED (deactivated, ..., switch-off-ongoing, out-of-service)
	Indicates the status of the cell. Deactivated: the cell is switched off (e.g. for energy saving reasons);
Switch-off-ongoing: the NG-RAN node will delete the cell after some time;

Out-of-service: the cell is temporarily not operational.
	–
	

	Served Cells To Delete E-UTRA
	
	0 .. < maxnoofCellsinNG-RAN node >
	
	
	YES
	reject

	>Old ECGI
	M
	
	E-UTRA CGI

9.2.2.8
	
	–
	


	Range bound
	Explanation

	maxnoofCellsinNG-RAN node
	Maximum no. cells that can be served by a NG-RAN node. Value is 16384.


*** next change ***

9.3.5
Information Element definitions

-- **************************************************************

--

-- Information Element Definitions

--

-- **************************************************************

XnAP-IEs {

itu-t (0) identified-organization (4) etsi (0) mobileDomain (0)

ngran-access (22) modules (3) xnap (2) version1 (1) xnap-IEs (2) }

DEFINITIONS AUTOMATIC TAGS ::=

BEGIN

IMPORTS


maxEARFCN,


maxnoofAllowedAreas,


maxnoofAoIs,


maxnoofBPLMNs,


maxnoofCellsinAoI,


maxnoofCellsinNG-RANnode,


maxnoofCellsinRNA,


maxnoofCellsinUEHistoryInfo,


maxnoofDRBs,


maxnoofEPLMNs,


maxnoofEUTRABands,

maxnoofForbiddenTACs,


maxnoofMBSFNEUTRA,


maxnoofNeighbours,


maxnoofNRCellBands,


maxnoofPDUSessions,


maxnoofPLMNs,


maxnoofProtectedResourcePatterns,


maxnoofQoSFlows,


maxnoofRANAreaCodes,


maxnoofRANAreasinRNA,


maxnoofSliceItems,

maxnoofsupportedTACs,


maxnoofsupportedPLMNs,


maxnoofTAI,


maxnoofTAIsinAoI,


maxnoofUEContexts,


maxNRARFCN,


maxNrOfErrors,

maxnoofRANNodesinAoI
FROM XnAP-Constants


Criticality,


ProcedureCode,


ProtocolIE-ID,


TriggeringMessage

FROM XnAP-CommonDataTypes


ProtocolExtensionContainer{},


ProtocolIE-Single-Container{},


XNAP-PROTOCOL-EXTENSION,


XNAP-PROTOCOL-IES

FROM XnAP-Containers;

******   skip unchanged text in same sction   ******

ServedCells-ToModify-E-UTRA-Item ::= SEQUENCE {


old-ECGI




E-UTRA-CGI,


served-cell-info-E-UTRA

ServedCellInformation-E-UTRA,

neighbour-info-NR


NeighbourInformation-NR










OPTIONAL,


neighbour-info-E-UTRA

NeighbourInformation-E-UTRA









OPTIONAL,


status-indication

ENUMERATED {deactivated, ..., switch-off-ongoing, out-of-service}
OPTIONAL,


iE-Extensions

ProtocolExtensionContainer { {Served-cells-ToModify-E-UTRA-Item-ExtIEs} }
OPTIONAL,


...

}

Served-cells-ToModify-E-UTRA-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

-- Served Cells NR IEs

ServedCellInformation-NR ::= SEQUENCE {


nrPCI







NRPCI,


cellID







NR-CGI,


tac








TAC,


ranac







RANAC





OPTIONAL,


broadcastPLMN





BroadcastPLMNs,


nrModeInfo






NRModeInfo,


measurementTimingConfiguration

OCTET STRING,


connectivitySupport




Connectivity-Support,
iE-Extensions





ProtocolExtensionContainer { {ServedCellInformation-NR-ExtIEs} } OPTIONAL,


...

}

ServedCellInformation-NR-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

ServedCells-NR ::= SEQUENCE (SIZE (1..maxnoofCellsinNG-RANnode)) OF ServedCells-NR-Item

ServedCells-NR-Item ::= SEQUENCE {


served-cell-info-NR


ServedCellInformation-NR,

neighbour-info-NR


NeighbourInformation-NR



OPTIONAL,


neighbour-info-E-UTRA

NeighbourInformation-E-UTRA


OPTIONAL,


iE-Extensions

ProtocolExtensionContainer { {ServedCells-NR-Item-ExtIEs} } OPTIONAL,


...

}

ServedCells-NR-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

ServedCells-ToModify-NR ::= SEQUENCE (SIZE (1..maxnoofCellsinNG-RANnode)) OF ServedCells-ToModify-NR-Item

ServedCells-ToModify-NR-Item ::= SEQUENCE {


old-NR-CGI




NR-CGI,


served-cell-info-NR


ServedCellInformation-NR,

neighbour-info-NR


NeighbourInformation-NR



 






OPTIONAL,


neighbour-info-E-UTRA

NeighbourInformation-E-UTRA









OPTIONAL,


status-indication


ENUMERATED {deactivated, ..., switch-off-ongoing, out-of-service}


OPTIONAL,


iE-Extensions

ProtocolExtensionContainer { {Served-cells-ToModify-NR-Item-ExtIEs} } 
OPTIONAL,


...

}

Served-cells-ToModify-NR-Item-ExtIEs XNAP-PROTOCOL-EXTENSION ::= {


...

}

-- Served Cells NR IEs
}

_1573463583.doc


CELL ACTIVATION RESPONSE







CELL ACTIVATION REQUEST







NG-RAN node2







 NG-RAN node1












_1573463624.doc


CELL ACTIVATION FAILURE







CELL ACTIVATION REQUEST







NG-RAN node2







 NG-RAN node1












_1560769009.vsd
NG-RAN node1


NG-RAN node2


NG-RAN NODE CONFIGURATION UPDATE


NG-RAN NODE CONFIGURATION UPDATE ACKNOWLEDGE



