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Introduction
A new WID on Network energy saving for NR [1] was approved in RAN#98e meeting, and the following objectives, which have RAN3 impacts, were included.
Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3]
This contribution further discusses inter-node cell DTX/DRX information exchange and inter-node beam activation according to the latest progress in SI and provides the detailed specification changes.
Discussion
[bookmark: P1]Inter-node cell DTX/DRX information exchange
According to the latest study progress in RAN2, the following descriptions are captured in the TR 38.864[2].
A periodic Cell DTX/DRX (i.e., active and non-active periods) can be configured by gNB via UE-specific RRC signalling per serving cell.
Cell DTX and Cell DRX modes can be configured and operated separately (e.g., one RRC configuration set for DL and another for UL). Cell DTX/DRX can also be configured and operated together. At least the following parameters can be configured per Cell DTX/DRX configuration: periodicity, start slot/offset, on duration.
As agreed in RAN3#117bis-e meeting, besides providing the Cell DTX/DRX mode/configuration from gNB to UE, the inter-node exchange of the cell DTX/DRX (if defined by RAN1/RAN2) is considered necessary [3]. The received node can use this cell DTX/DRX information to help determine its own cell DTX/DRX configuration, and this cell DTX/DTX information coordination can further help with load and coverage optimization of the network. For example, this information can provide a node the knowledge when a neighbour cell is in on/off cycle and thus decide whether or when to handover a UE to that neighbour cell, and that node can also adjust some parameters to cover the coverage hole because its neighbour cell(s) is in off cycle.
Proposal 1: Support exchange of the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) between network nodes.
The existing NG-RAN node Configuration Update procedure, as shown in figure 1, is used to update application level configuration data needed for two NG-RAN nodes to interoperate correctly over the Xn-C interface [4]. This procedure can be reused for cell DTX/DRX configuration exchange. 


		
Figure 1: NG-RAN node Configuration Update procedures
As stated in [2], Cell DTX and Cell DRX modes can be configured and operated either separately or together, therefore the configurations for Cell DTX and Cell DRX needs to be listed separately in the NG-RAN node Configuration Update message. As the detailed mechanism of separate cell DTX/DRX configuration is finally up to RAN1 and RAN2 in terms of energy saving gain and performance impact evaluation, in this contribution, we just provide the specification changes, as shown in section A.1, as an example based on the latest progress.
Proposal 2: Support adding the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) in the NG-RAN node Configuration Update procedure.
In CU-DU split deployment, for the same reason as state above, CU and DU also need to synchronize their cell DTX/DRX configuration through, e.g., Radio Information Transfer procedures [5].
Proposal 3: Support adding the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) in the Radio Information Transfer procedures.
Inter-node beam activation
1.1.1    Beam activation procedures
As agreed in [2], an NG-RAN node can request a neighbouring NG-RAN node to switch on certain SSB beams which have been deactivated. 
When a request is executed, a NG-RAN node may notify its neighbouring NG-RAN node using a BEAM ACTIVATION REQUEST message with the list of SSB beams, which are previously reported as inactive due to NES and now need to be activated. 
As show in figure 1, upon receipt of this BEAM ACTIVATION REQUEST message, the neighbouring NG-RAN node will take the list contained in it into account for beam activation and activate the SSB beam(s) indicated in the message. Then the neighbouring NG-RAN node shall send the sending NG-RAN node a BEAM ACTIVATION RESPONSE message to indicate which beams the request was fulfilled or a BEAM ACTIVATION FAILURE message if no beam indicated in the BEAM ACTIVATION REQUEST message can be activated. An appropriate cause value should be also included in the BEAM ACTIVATION FAILURE message.
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Figure 1: Beam Activation procedures
Proposal 4: Support the Beam Activation procedure stated in section 2.2.1 for inter-node beam activation.
1.1.2    Beam activation messages
In the BEAM ACTIVATION REQUEST message and the BEAM ACTIVATION RESPONSE message, a list of SSB Index and an Activation ID are included. In the BEAM ACTIVATION FAILURE message, the Activation ID assigned by the sending NG-node and a Cause value are included.
1.1.3    Beam activation in CU-DU split deployment
In CU-DU split deployment, a CU shall be able to request a connected DU to switch on one or more SSB beams with it for reason of coverage enhancement or traffic offloading. Similarly, when DU prefers to switch off some of its cell(s)/beam(s) or offload traffic to CU, it can request CU to activate its SSB beams in the same coverage. In this case, CU can decide whether to initialize the activation. 
Therefore, the beam activation procedures also need to be supported in F1 interface. 
Proposal 5: Beam Activation procedure shall be supported in F1 interface for beam activation between gNB-CU and gNB-DU.

The detailed message structure and IEs for TS 38.423 are shown in R3-230233 [6] and the related TP for TS 38.473 are shown in Annex. 
Conclusion
In this contribution we analyzed the inter-node cell DTX/DRX information exchange issue for NES, and the following proposals were drawn from the analysis.
Proposal 1: Support exchange of the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) between network nodes.
Proposal 2: Support adding the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) in the NG-RAN node Configuration Update procedure.
Proposal 3: Support adding the Cell DTX/DRX configuration (periodicity, start slot/offset, on duration) in the Radio Information Transfer procedures.
Proposal 4: Support the Beam Activation procedure stated in section 2.2.1 for inter-node beam activation.
Proposal 5: Beam Activation procedure shall be supported in F1 interface for beam activation between gNB-CU and gNB-DU.
The detailed message structure and IEs for TS 38.423 are shown in R3-230233 [6] and the related TP for TS 38.473 are shown in Annex. 
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8.2.x.1	General
The purpose of the Beam Activation procedure is to enable a gNB-CU to request a connected gNB-DU or a gNB-DU to request a connected gNB-CU node to switch on one or more beams, previously reported as inactive due to energy saving.
The procedure uses non-UE associated signalling.
8.2.x.2	Successful Operation
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Figure 8.2.x.2-1: Beam Activation, successful operation
The gNB-CU initiates the procedure by sending the BEAM ACTIVATION REQUEST message to the connected gNB-DU, or vice versa.
Upon receipt of this message, the gNB-DU or the gNB-CU should activate the beam/s indicated in the BEAM ACTIVATION REQUEST message and shall indicate in the BEAM ACTIVATION RESPONSE message for which beams the request was fulfilled.
8.2.x.3	Unsuccessful Operation
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Figure 8.2.X.3-1: Beam Activation, unsuccessful operation
If the gNB-DU or the gNB-CU cannot activate any of the beams indicated in the BEAM ACTIVATION REQUEST message, it shall respond with the BEAM ACTIVATION FAILURE message with an appropriate cause value.
8.2.x.4	Abnormal Conditions
Void.
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The purpose of the DU-CU Radio Information Transfer procedure is to transfer radio-related information from the gNB-DU to the gNB-CU. The procedure uses non-UE-associated signalling.
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Figure 8.9.1.2-1: DU-CU Radio Information Transfer procedure.
The gNB-DU initiates the procedure by sending the DU-CU RADIO INFORMATION TRANSFER message to the gNB-CU.
The gNB-CU considers that the RIM-RS Detection Status IE indicates the RIM-RS detection status of the cell identified by Aggressor Cell ID IE.
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8.9.1.3	Abnormal Conditions
Not applicable.
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[bookmark: _Toc534722193]The purpose of the CU-DU Radio Information Transfer procedure is to transfer radio-related information from the gNB-CU to the gNB-DU. The procedure uses non-UE-associated signalling.
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Figure 8.9.2.2-1: CU-DU Radio Information Transfer procedure.
The gNB-CU initiates the procedure by sending the CU-DU RADIO INFORMATION TRANSFER message to the gNB-DU. The gNB-DU considers that the RIM-RS Detection Status IE indicates the detection status of RIM-RS associated with Victim gNB Set ID IE.
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8.9.2.3	Abnormal Conditions
Not applicable.
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This message is sent by a gNB-DU to a gNB-CU, to convey radio-related information.
Direction: gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	CHOICE DU-CU Radio Information Type
	M
	
	
	
	YES
	ignore

	>RIM
	
	
	
	
	
	

	>>DU-CU RIM Information
	M
	
	9.3.1.91
	
	-
	-

	>Neighbour Cell DTX/DRX Configuration List
	
	
	
	
	
	

	>>Neighbour Cell DTX Configuration List
	O
	
	9.3.1.y
	
	-
	-

	>>Neighbour Cell DRX Configuration List
	O
	
	9.3.1.z
	
	-
	-
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This message is sent by a gNB-CU to a gNB-DU, to convey radio-related information.
Direction: gNB-CU  gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.3.1.1
	
	YES
	ignore

	Transaction ID
	M
	
	9.3.1.23
	
	YES
	reject

	CHOICE CU-DU Radio Information Type
	M
	
	
	
	YES
	ignore

	>RIM
	
	
	
	
	
	

	>>CU-DU RIM Information
	M
	
	9.3.1.92
	
	-
	-

	>Neighbour Cell DTX/DRX Configuration List
	
	
	
	
	
	

	>>Neighbour Cell DTX Configuration List
	O
	
	9.3.1.y
	
	-
	-

	>>Neighbour Cell DRX Configuration List
	O
	
	9.3.1.z
	
	-
	-
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9.2.x	Beam Activation messages
9.2.x.1	BEAM ACTIVATION REQUEST
This message is sent by the gNB-CU to the connected gNB-DU to request a previously switched-off beam/s to be re-activated, or vice versa.
Direction: gNB-CU  gNB-DU or gNB-DU  gNB-CU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	CHOICE SSB Beams To Activate
	M
	
	
	
	YES
	reject

	>SSB Beams
	
	
	
	
	
	

	>>SSB Beams List
	
	1
	
	
	–
	

	>>>SSB Beams item
	
	1 .. <maxnoofSSBBeams>
	
	
	–
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	Identifier of the SSB beam to be activated.
	–
	

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the gNB-CU or the gNB-DU
	YES
	reject

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject



	Range bound
	Explanation

	maxnoofSSBBeams
	Maximum no. beams that can be activated by an NG-RAN node. Value is FFS.



9.2.x.2	BEAM ACTIVATION RESPONSE
This message is sent by a gNB-DU to a connected gNB-CU to indicate that one or more beam(s) previously switched-off has (have) been activated, or vice versa.
Direction: gNB-DU  gNB-CU or gNB-CU  gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	CHOICE SSB Beams To Activate
	M
	
	
	
	YES
	reject

	>SSB Beams
	
	
	
	
	
	

	>>SSB Beams List
	
	1
	
	
	–
	

	>>>SSB Beams item
	
	1 .. <maxnoofSSBBeams>
	
	
	–
	

	>>>>SSB Index
	M
	
	INTEGER (0..63)
	Identifier of the SSB beam to be activated.
	–
	

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the gNB-CU or the gNB-DU
	YES
	reject

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject



	Range bound
	Explanation

	maxnoofSSBBeams
	Maximum no. beams that can be activated by an NG-RAN node. Value is FFS.



9.2.x.3	BEAM ACTIVATION FAILURE
This message is sent by a gNB-DU to a connected gNB-CU to indicate beam activation failure, or vice versa.
Direction: gNB-DU  gNB-CU or gNB-CU  gNB-DU.
	IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality

	Message Type
	M
	
	9.2.3.1
	
	YES
	reject

	Activation ID
	M
	
	INTEGER (0..255)
	Allocated by the gNB-CU or the gNB-DU
	YES
	reject

	Cause
	M
	
	9.2.3.2
	
	YES
	ignore

	Criticality Diagnostics
	O
	
	9.2.3.3
	
	YES
	ignore

	Interface Instance Indication
	O
	
	9.2.2.39
	
	YES
	reject
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This IE indicates the list of neighbour cell DTX configuration.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Neighbour Cell DTX Configuration Item IEs
	
	1 .. <maxNeighbourCellDTXConfiguration>
	
	

	>NR CGI
	M
	
	9.3.1.12
	

	>Periodicity
	M
	
	FFS
	

	>Start slot/offset
	M
	
	FFS
	

	>On duration
	M
	
	FFS
	



	Range bound
	Explanation

	maxNeighbourCellDTXConfiguration
	Maximum no. neighbour cells which the cell DTX configuration is indicated. Value is FFS.



9.3.1.z	Neighbour Cell DRX Configuration List
This IE indicates the list of neighbour cell DRX configuration.
	IE/Group Name
	Presence
	Range
	IE Type and Reference
	Semantics Description

	Neighbour Cell DRX Configuration Item IEs
	
	1 .. <maxNeighbourCellDRXConfiguration>
	
	

	>NR CGI
	M
	
	9.3.1.12
	

	>Periodicity
	M
	
	FFS
	

	>Start slot/offset
	M
	
	FFS
	

	>On duration
	M
	
	FFS
	



	Range bound
	Explanation

	maxNeighbourCellDRXConfiguration
	Maximum no. neighbour cells which the cell DTX configuration is indicated. Value is FFS.


<End of change>
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