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1 Introduction
The network energy savings (NES) study item has been finalized, and the candidate techniques are captured in TR 38.864. In RAN#98 meeting, a new WID was approved in RP-223540 [1] to specify the Rel-18 network energy savings techniques, with the following objectives:
	The objectives of the work item are the following:

1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. 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]

· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.

3. Specify the following techniques in spatial and power domains

· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

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

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]



This paper discusses the network energy savings techniques within the RAN3 scope.
2 Discussion
2.1 Inter-node beam activation

The main idea of this mechanism is described in TR 38.864 as follows:
	6.5.3
Inter-node Beam Activation

This mechanism allows an NG-RAN node to request a neighbouring 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.


This mechanism is beneficial for at least the overlaid scenario. For example, a capacity-layer cell switches off the light-loaded SSB beams for energy saving, and the coverage-layer cell may request the re-activation of these SSB beams in case UEs come into these SSB beam areas and the coverage-layer cell cannot provide sufficient capacity any more. This mechanism could apply to at least the intra-NR system.  
Intra-NR system
Currently the legacy Cell Activation procedure allows an NG-RAN node to request a neighbouring NG-RAN node to switch on cells that have been deactivated. In Rel-18, to support the inter-NG-RAN-node beam activation, this procedure can be straightforwardly enhanced by including a list of SSBs that are requested/confirmed to activate. Specifically, CELL ACTIVATION REQUEST and CELL ACTIVATION RESPONSE could be extened to include the indexes of SSB beams that are requested/confirmed to activate. Also, it should be possible that the beam activation operations are not limited to the cell activation only, i.e. when the cell is switched-on, the Cell Activation Request message can be used for the activation a list of SSBs. 
When a list of SSBs are to be turned off, the existing SSB Coverage Modification list IE included in the NG-RAN Node Configuration Update message can be used to notify neighbour NG-RAN nodes. 
In addition, there were some discussions during study item whether to include a list of SSBs to be activated that are requested by the receiving NG-RAN node in the response message. We consider this is not needed since the receiving NG-RAN node can trigger the Cell Activation Request procedure again, and this follows the logic when the cell is required to be activated between neighbouring NG-RAN nodes.  
Proposal 1: To support the intra-NR system beam activation, the indexes of SSBs that are requested/ confirmed to activate could be transferred over Xn as follows: CELL ACTIVATION REQUEST to include the indexes of SSBs that are requested to activate, and CELL ACTIVATION RESPONSE to include the indexes of SSBs that are confirmed to activate. Also, the beam activation operations can be initiated when the cell is switched on.
Over the NG interface, currently there are no cell activation request/response for energy saving purpose. If the inter-node beam activation is to be supported, it would require NG-RAN nodes not only to exchange the cell state and cell activation/deactivation, but also to indicate the SSB beams information. Note that currently the coverage and capacity (CCO) is supported only over Xn interface. We understand all those NGAP enhancements should be considered within the RAN SON/MDT topic first if needed, before discussing the network energy saving techniques.  
Proposal 2: No need to include the indexes of SSBs that are requested/confirmed to activate over NG for intra-NR system. 
In the disaggregated gNB case, upon reception of the SSB activation request from the peer nodes, the gNB-CU shall inform the gNB-DU of SSBs that are requested to activate. This could enhance the legacy gNB-CU Configuration Update and gNB-DU Configuration Update procedures, and allow the transfer of a list of SSBs to activate from the gNB-CU to the gNB-DU.

Proposal 3: To support the beam activation in the disaggregated gNB case, the indexes of SSBs that are requested to activate could be transferred over F1 as follows: GNB-CU CONFIGURATION UPDATE and GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE to include the indexes of SSBs that are requested to activate.
Inter-RAT and inter-system
The inter-system cell activation has already been supported in Rel-17, by transferring over NG the Inter-system SON Information which contains: 1) Inter-system SON Information Request, which includes the cells that are requested to activate, 2) Inter-system SON Information Reply, which includes the cells that are confirmed to activate, and 3) Inter-system SON Information Report, which includes the state of cells (activated or de-activated).

In Rel-18, it seems there are no requirements to support the inter-system beam activation operations, i.e., allowing eNB to request a neighbouring NG-RAN node to switch on certain SSB beams which have been deactivated. Similar to the intra-NR system for NG case, the inter-system coverage and capacity should be first addressed during the SON/MDT topic if needed.
Proposal 4: No need to support the inter-node beam activation for inter-RAT and inter-system cases.
2.2 Paging enhancements

The main idea of this mechanism is described in TR 38.864 as follows:
	6.5.4
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 discussing the paging details, we should first determine whether the “certain SSBs” should be limited to the last serving cell, or can be associated with a list of cells. We think that the association with a list of cells could provide high network energy saving gain. 
Proposal 5: For paging enhancement, the “certain beams” to be paged can be applicable to a list of cells.    

CN paging

In the legacy UE Context Release procedure, the NG-RAN node can inform the AMF of a list of Recommended Cells for Paging, including the following information: 1) a list of visited and non-visited cells, and 2) the time a UE stayed in a visited cell. When a CN paging is initiated, the AMF sends the list of Recommended Cells for Paging to the NG-RAN node, and the NG-RAN node could page UE in the recommended Cells. 

In Rel-18, such mechanism can be extended to the SSB level, i.e., allow the exchange of Recommended SSBs for Paging over NG. Specifically, Information on Recommended Cells and RAN Nodes for Paging and Assistance Data for Paging could include the info of Recommended SSBs, including: 1) a list of visited and non-visited SSBs, and 2) the time a UE stayed in a visited SSB.
Proposal 6: To support CN paging enhancement, the information of recommended SSBs for Paging could be transferred over NG as follows: Information on Recommended Cells and RAN Nodes for Paging and Assistance Data for Paging to include 1) a list of visited and non-visited SSBs, and 2) the time a UE stayed in a visited SSB.
To enable the NG-RAN node to get knowledge of the information of the visited SSBs, the UE History Information transferred over NG and Xn could be extended to include the Last Visited SSB Information, which is similar with the legacy Last Visited Cell Information.
Proposal 7: The last visited SSB information could be transferred over NG and Xn as follows: UE History Info to include 1) a list of visited SSBs, and 2) the time UE stayed in a visited SSB.
During the CCO study, An NG-RAN node may autonomously adjust within and switch between cell/SSB coverage configurations. Hence it is possible that the cell/SSB coverage may be changed between the UE context is released, and the paging is initiated. RAN3 can consider to include the cell/SSB coverage state in Information on Recommended Cells and RAN Nodes for Paging and Assistance Data for Paging, in order to e.g. help the  receiving NG-RAN node to check whether the cell/SSB coverage has been changed and, if changed, which current cell/SSB(s) replace the old cell/SSB.
Proposal 8: RAN3 can discuss whether to transfer the cell/SSB coverage state over NG as the paging assistance info.

In the disaggregated gNB case, upon the reception of the recommended SSBs for Paging from the AMF, the gNB-CU could inform the gNB-DU of the paging SSBs in PAGING, which includes: 1) a list of paging SSBs, and 2) an indication whether an SSB is the last used SSB.

Proposal 9: To support CN paging enhancement in the disaggregated gNB case, the information of paging SSBs could be transferred over F1 as follows: PAGING to include 1) a list of paging SSBs, and 2) the indication whether an SSB is the last used SSB.
There were some discussions during the study item phase, that the DU can send the SSB list to the CU, so that the CU can get knowledge of the UE’s last stayed SSBs e.g., during the UE context release procedure. Given that the CU can have the Layer 3 based beam level measurements, and L1 beam level measurement known by the DU is quite dynamic, the possible benefits of the beam list from the DU to the CU should be further considered.
Proposal 10: RAN3 can discuss whether the Layer 3 beam level measurements are sufficient for the paging enhancement.
RAN paging

For RAN paging, it is also possible for the last serving gNB to transfer suggested SSB information along with RAN PAGING, so that the receiving node could page the UE in SSBs of its served cell or adjacent to the last served SSB of the anchor cell. 
Proposal 11: To support RAN paging enhancement, the last visited SSB information could be transferred over Xn.

2.3 Cell DTX/DRX 

As mentioned in TR 38.864, 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/DRX could vary among different cells according to their traffic. In a CU-DU architecture, as a non-real-time technique, Cell DTX/DRX could be decided and configured for different cells by CU. However, the (de)activation of a configured Cell DTX/DRX mode via dynamic L1/L2 signalling and UE-specific RRC signalling should be supported as mentioned in TR 38.864. 
Before the details to be specified by other groups, RAN3 can first study the impact on the disaggregated case: whether the (de)activation signalling may be transmitted by DU or CU, and what the F1 impact would be like between DU and CU. Since the Cell DTX/DRX is more like a lower-layer parameter, the decision and configuration of Cell DTX/DRX should be decide by the DU, so that a more dynamic Cell DTX/DRX may be realized.  

Proposal 12: The Cell DTX/DRX configuration is decided by the DU and sent to the CU for Cell DTX/DRX alignment over Xn interface. The detailed Cell DTX/DRX parameters are pending other groups.  
2.4 Other techniques 
The 4th and 5th objectives of the WID mainly involve the higher layer aspects for network energy saving. For a cell adopting NES technique, the mechanisms that prevent legacy UEs camp on or connected UE handover to the cell should be supported. And for CHO, the NES mode of the target cell should be considered by the source cell. To realize that, the NES mode should be shared and updated among NG-RAN nodes via Xn interfaces. For example, a serving cell can choose a non-NES target cell for UEs when it enters into NES mode. RAN3 can further address it when the exact NES mode is specified by other groups. 
Proposal 13: The NES mode exchange over network interfaces are pending to other groups. 
3 Conclusion

In this paper, the network energy savings techniques are discussed, and the following proposals are made.
Inter-node Beam Activation
Proposal 14: To support the intra-NR system beam activation, the indexes of SSBs that are requested/ confirmed to activate could be transferred over Xn as follows: CELL ACTIVATION REQUEST to include the indexes of SSBs that are requested to activate, and CELL ACTIVATION RESPONSE to include the indexes of SSBs that are confirmed to activate. Also, the beam activation operations can be initiated when the cell is switched on.
Proposal 15: No need to include the indexes of SSBs that are requested/confirmed to activate over NG for intra-NR system. 
Proposal 16: To support the beam activation in the disaggregated gNB case, the indexes of SSBs that are requested to activate could be transferred over F1 as follows: GNB-CU CONFIGURATION UPDATE and GNB-DU CONFIGURATION UPDATE ACKNOWLEDGE to include the indexes of SSBs that are requested to activate.
Proposal 17: No need to support the inter-node beam activation for inter-RAT and inter-system cases.
Paging enhancements
Proposal 18: For paging enhancement, the “certain beams” to be paged can be applicable to a list of cells.    

Proposal 19: To support CN paging enhancement, the information of recommended SSBs for Paging could be transferred over NG as follows: Information on Recommended Cells and RAN Nodes for Paging and Assistance Data for Paging to include 1) a list of visited and non-visited SSBs, and 2) the time a UE stayed in a visited SSB.
Proposal 20: The last visited SSB information could be transferred over NG and Xn as follows: UE History Info to include 1) a list of visited SSBs, and 2) the time UE stayed in a visited SSB.
Proposal 21: RAN3 can discuss whether to transfer the cell/SSB coverage state over NG as the paging assistance info.

Proposal 22: To support CN paging enhancement in the disaggregated gNB case, the information of paging SSBs could be transferred over F1 as follows: PAGING to include 1) a list of paging SSBs, and 2) the indication whether an SSB is the last used SSB.
Proposal 23: RAN3 can discuss whether the Layer 3 beam level measurements are sufficient for the paging enhancement.
Proposal 24: To support RAN paging enhancement, the last visited SSB information could be transferred over Xn.

Cell DTX/DRX and others
Proposal 25: The Cell DTX/DRX configuration is decided by the DU, and to be signalled over Xn interfaces for Cell DTX/DRX alignment. The detailed Cell DTX/DRX parameters are pending other groups.  
Proposal 26: The NES mode exchange over network interfaces are pending other groups. 
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