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1. Introduction 
In this paper, we discuss details related to the following objective in the Rel-18 NES WID (RP-223450):

Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

2. Discussion
2.1 Paging enhancements

The TR 38.864 captures the following text on paging enhancements:

This mechanism allows an NG-RAN node to page, e.g., the stationary UEs in a restricted area. For example, paging can be done in certain SSB(s) instead of all the SSBs within a cell

Before we discuss the possible enhancements for the gNB to page UEs in a restricted area upon RRC inactive to RRC connected state transition, we highlight some relevant clauses in the specification.

TS 38.401 has the following clause on RRC connected to RRC inactive state transition:



Figure 8.6.1-1: RRC connected to RRC inactive state transition procedure
0.	At first, the gNB-CU determines the UE to enter into RRC inactive mode from connected mode. 
1.	The gNB-CU generates RRCRelease message which includes suspend configuration towards UE. The RRC message is encapsulated in UE CONTEXT RELEASE COMMAND message to the gNB-DU.
2.	The gNB-DU forwards RRCRelease message to UE.
3.	The gNB-DU responds with UE CONTEXT RELEASE COMPLETE message.

TS 38.473 has the following clause on F1AP Paging:

At the reception of the PAGING message, the gNB-DU shall perform paging of the UE in cells which belong to cells as indicated in the Paging Cell List IE.
The Last Used Cell Indication IE may be included in the Paging Cell Item IEs IE of the PAGING message, and if present the gNB-DU shall, if supported, consider the cell identified by the NR CGI IE as the last used cell of the paged UE, and use it as specified in TS 38.331 [8].
PAGING message is sent by the gNB-CU and is used to request the gNB-DU to page UEs.
Direction: gNB-CU ® gNB-DU
	[bookmark: OLE_LINK11][bookmark: OLE_LINK12]IE/Group Name
	Presence
	Range
	IE type and reference
	Semantics description
	Criticality
	Assigned Criticality
	 

	Message Type
	M
	 
	9.3.1.1
	 
	YES
	ignore
	 

	UE Identity Index value
	M
	 
	9.3.1.39
	 
	YES
	reject
	 

	…….
	
	
	
	
	
	
	 

	[bookmark: OLE_LINK9][bookmark: OLE_LINK10]Paging Cell List
	 
	1
	 
	 
	YES
	ignore
	 

	>Paging Cell Item IEs
	 
	1 .. <maxnoofPagingCells>
	 
	 
	EACH
	ignore
	 

	>>NR CGI
	M
	 
	9.3.1.12
	 
	-
	 
	 

	>>Last Used Cell Indication
	O
	 
	ENUMERATED(true, …)
	 
	YES
	ignore
	 

	..
	O
	 
	
	
	
	
	 



	Range bound
	Explanation

	maxnoofPagingCells
	Maximum no. of paging cells, the maximum value is 512.




In order to enable the gNB-CU to page the UEs in a restricted area (e.g., certain SSBs without needing to page all the SSBs in the last served cell), we think that the gNB-DU can indicate the last served SSB to gNB-CU in the UE CONTEXT RELEASE COMPLETE. We therefore have the following proposal:

Proposal 1: When the UE is released to RRC_INACTIVE, the gNB-DU can indicate the last served SSB to the gNB-CU in UE CONTEXT RELEASE COMPLETE

If the gNB-CU with high confidence knows the cell and associated SSB where the UE is likely to be located when it shall page the UE, it can indicate to the gNB-DU to page in a restricted area (e.g., certain SSB(s)) instead of paging “blindly” over the RNA or all SSBs within the last served cell. We therefore have the following proposal:

Proposal 2: gNB-CU can indicate the last served SSB as assistance to gNB-DU in F1AP Paging message

2.2 [bookmark: _Hlk81229969]Beam-level (de)activation

The TR 38.864 captures the following text on inter-node beam activation:

This mechanism allows an NG-RAN node to request a neighboring NG-RAN node to switch on certain SSB beams which have been deactivated e.g., in the capacity layer. With this mechanism, the NG-RAN node (e.g., in the coverage-layer) can request the re-activation of SSB beams that are deactivated before.

Scenario – Overlaid vs. underlaid

In the SI phase, RAN3 agreed to consider both the overlaid and underlaid scenario while studying the NES techniques. For the above techniques of beam level activation and beam level deactivation, it is proposed to start with an overlaid scenario and the underlaid scenario can be considered later.

Proposal 3: Start with the overlaid scenario for beam level activation and beam level deactivation. Underlaid scenario can be considered later

Beam level activation

A mechanism for network energy saving is if an NG-RAN node could request the activation of some specific beams of one cell instead of the activating the whole cell. The SSB beams to be activated can be determined based on OAM configuration or via NG-RAN node implementation, e.g., by considering the SSB beam measurement reports from UE and SSB load etc.

Observation 1: Currently an NG-RAN node can only achieve cell level activation and there is no mechanism to activate only specific beams of one cell

Proposal 4: Support beam level activation over F1 and Xn i.e., an NG-RAN node should be able to request the activation of specific SSBs belonging to a cell (instead of the activating the whole cell) for network energy saving purposes.

We further think that the Cell Activation procedure can be reused for beam level activation.

Proposal 5: For beam level activation, enhance the Cell Activation procedure to include the “list of SSBs to be activated”.

Beam level deactivation

Currently an NG-RAN node can achieve cell level deactivation. In case there are no active UEs (or in case of low load) in the coverage of specific beams in one cell, an NG-RAN node should be able to request the cell to deactivate those specific beams to save energy.

Rel-17 CCO mechanism allows an NG-RAN node to implicitly deactivate certain beam(s) by setting SSB Coverage State as 0 an inform the neighboring NG-RAN node. But currently there is no mechanism for an NG-RAN to request the deactivation of certain SSBs of a cell belonging to the same or different NG-RAN node.

Observation 2: Currently an NG-RAN node can achieve cell level deactivation

Observation 3: Rel-17 CCO mechanism allows an NG-RAN node to implicitly deactivate certain beam(s) by setting SSB Coverage State as 0 an inform the neighboring NG-RAN node

Observation 4: Currently there is no mechanism for an NG-RAN to request the deactivation of certain SSBs of a cell belonging to the same or different NG-RAN node.
 
We therefore have the following proposal:

Proposal 6: Support beam level deactivation over F1 and Xn i.e., an NG-RAN node should be able to request the deactivation of specific SSBs belonging to a cell (of the same or different NG-RAN node) for network energy saving purposes. 

So, in summary, we have the following proposal for the overlaid scenario

Proposal 6: For the overlaid scenario,
· A coverage layer cell should be able to request the activation of specific SSBs belonging to a capacity-layer cell (instead of the activating the whole cell)
· A coverage layer cell should be able to request the deactivation of specific SSBs belonging to a capacity-layer cell














3. Conclusion
Paging enhancements

Proposal 1: When the UE is released to RRC_INACTIVE, the gNB-DU can indicate the last served SSB to the gNB-CU in UE CONTEXT RELEASE COMPLETE

Proposal 2: gNB-CU can indicate the last served SSB as assistance to gNB-DU in F1AP Paging message

Beam-level activation and deactivation

Proposal 3: Start with the overlaid scenario for beam level activation and beam level deactivation. Underlaid scenario can be considered later

Observation 1: Currently an NG-RAN node can only achieve cell level activation and there is no mechanism to activate only specific beams of one cell

Proposal 4: Support beam level activation over F1 and Xn i.e., an NG-RAN node should be able to request the activation of specific SSBs belonging to a cell (instead of the activating the whole cell) for network energy saving purposes.

Proposal 5: For beam level activation, enhance the Cell Activation procedure to include the “list of SSBs to be activated”.

Observation 2: Currently an NG-RAN node can achieve cell level deactivation

Observation 3: Rel-17 CCO mechanism allows an NG-RAN node to implicitly deactivate certain beam(s) by setting SSB Coverage State as 0 an inform the neighboring NG-RAN node

Observation 4: Currently there is no mechanism for an NG-RAN to request the deactivation of certain SSBs of a cell belonging to the same or different NG-RAN node.

Proposal 6: Support beam level deactivation over F1 and Xn i.e., an NG-RAN node should be able to request the deactivation of specific SSBs belonging to a cell (of the same or different NG-RAN node) for network energy saving purposes. 

Proposal 6: For the overlaid scenario,
· A coverage layer cell should be able to request the activation of specific SSBs belonging to a capacity-layer cell (instead of the activating the whole cell)
· A coverage layer cell should be able to request the deactivation of specific SSBs belonging to a capacity-layer cell
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