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1. Introduction 
In this paper, we discuss information that can exchanged or coordinated over network interfaces to support network energy saving techniques in Rel-18 based on open issues identified last meeting.

2. Discussion
2.1 Cell DTX/DRX
RAN3 discussed cell DTX/DRX last meeting and captured the following in the TR: 
The cell DTX/DRX information is considered necessary to be exchanged and coordinated between neighbour gNBs. The gNB can use the received cell DTX/DTX information to determine its own cell DTX/DRX configuration for network energy saving purpose
Editor’s note: The details of cell DTX/DRX is finally up to RAN1 and RAN2
Also, there were some open issues from last meeting:

FFS about the exact periodic/semi-static cell DTX/DRX information (dependent on other groups)
FFS about the dynamic cell DTX/DRX exchange
FFS whether a flag indicating the cell DTX pattern identical to the cell DRX pattern is needed

This BS DTX pattern can be either semi-static or dynamic. 

From last RAN2/RAN3 meeting, it seems there is consensus to at least support periodic/semi-static cell DTX/DRX where there is a fixed OFF duration where cell is sleeping (or in a NES state) and a fixed ON duration where the cell is active and this cycle can repeat periodically.

Proposal 1: The following can be coordinated with neighboring gNBs regarding periodic/semi-static cell DTX/DRX (final details up to by RAN1/RAN2 agreements)
· Cell DTX/DRX periodicity 
· Cell DTX/DRX offset

We think that there is also benefit in defining a dynamic cell DTX/DRX where cell sleep (OFF duration) can be is triggered dynamically by the network, via e.g., DCI. The benefit of the dynamic cell DTX is that the network can quickly respond to DL traffic activity and load in the network and provide more dynamic cell DTX/DRX durations

Proposal 2: Dynamic cell DTX/DRX patterns (if supported by RAN1/RAN2) can be exchanged with neighbor gNBs either before the cell DTX/DRX Inactivity period (provided that fast backhaul is available) or retroactively after the inactivity period is over

Proposal 3: The following can be coordinated with neighboring gNBs regarding dynamic cell DTX/DRX (if supported by RAN1/RAN2)
· Starting slot for Tx/Rx inactivity (e.g., from slot #N)
· Ending slot for Tx/Rx inactivity (e.g., till slot #K)
· An explicit indication the cell DTX/DRX is dynamic (and not periodic)

RAN2 is also discussing the details of cell DTX/DRX and whether DTX/DRX can be disjoint. If RAN2 allows a flexibility that cell DTX and DRX can be disjoint or the same, an indication whether the cell DTX is identical to the cell DRX can be useful while coordinating with neighbor gNBs.

Proposal 4: If RAN1/RAN2 allows a flexibility that cell DTX and DRX can be disjoint or the same, an indication whether the cell DTX is identical to the cell DRX can be useful while coordinating with neighbor gNBs.

2.2 Granular Cell States for NES
WA: The inter-node exchange on the NES states or more granular cells status information if defined by RAN1/RAN2 is needed if the benefits are confirmed. The detailed NES state or more granular information is pending to other groups

One of the objectives of this SI is to be able to evaluate the network energy savings by considering sleep modes e.g., deep/micro/light sleep at the gNB and RAN1 might end up defining different network energy states or sleep modes e.g., deep/micro/light sleep in the specification. In such a case, it might be beneficial to exchange the network energy states semi-statically over Xn/F1 as shown illustratively in Figure 1.
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Figure 1: Energy states coordination

Observation 1: RAN1 is evaluating different sleep modes (e.g., deep/micro/light sleep) and the switching methodologies between different sleep modes. It is TBD whether these sleep modes will be standardized or only used for evaluation purposes.

Observation 2: Currently the NG-RAN nodes only have the knowledge whether a cell is activated or deactivated, which can be used for network energy savings by cell switch on or off as needed.
 
Proposal 5: RAN3 should enable coordination of more granular cell states over Xn/F1 interface e.g., sleep modes (deep/micro/light sleep) or Network Energy Saving (NES) states, if defined by RAN1
 
Proposal 6: RAN3 should discuss the following principles as part of coordinating granular cell states for NES and capture in the TR:
1. The node provide basic coverage can request an activated or deactivated capacity booster cell to switch to a certain NES state (or sleep mode)
1. The capability booster cell can enter into a certain NES state (or sleep mode) to save energy autonomously and inform the node providing basic coverage
1. The cell can configure thresholds of the cell load for triggering events associated with transition to different NES states (or sleep modes)
2.3 Increased autonomy for gNB-DU for NES
Observation 3: Currently only two Cell States are possible over the F1 interface (cell states is known by both the gNB-DU and the gNB-CU)
· Inactive: The cell shall not serve UEs
· Active: The cell should try to provide services to the UE
 
Observation 4: Currently the gNB-DU informs the gNB-CU with a list of cells that are configured and ready to be activated. But it is the gNB-CU which finally decides which cells should be activated or deactivated i.e., whether the Cell State should be “Inactive“ or “Active
 
To provide more autonomy to the gNB-DU, gNB-CU can indicate “Cells that can be activated/deactivated by gNB-DU autonomously” during F1 setup and gNB-DU can then switch on/off or change NES state for those cells. In this way, we still allow gNB-CU to configure but provide the flexibility to gNB-DU

Proposal 7: A gNB-DU should have the capability to switch on/off some of its served cells (only those cells that are pre-authorized by gNB-CU)  or switch to a certain NES state autonomously to avoid backhaul latencies
2.4 Inter-node beam activation
Inter-node beam activation was discussed last meeting and we propose to discuss further.
Proposal 8: RAN3 should capture the following in TR:
· Inter-node beam activation allows an NG-RAN node to request a neighboring NG-RAN node to switch on certain SSB beams which have been deactivated
 
· For example, consider an overlaid scenario, where a capacity-layer cell switches off lightly loaded SSB beams for energy saving purposes (e.g., via setting SSB Coverage State as 0 in CCO). At a later time, the coverage-layer cell can request the re-activation of those SSB beams e.g., in case many UEs come into these SSB beam areas, and the coverage-layer cell cannot provide sufficient capacity any more.
 
 
2.5 Measurement relaxation
Observation 5: It is up to UE when it performs measurement relaxation during RRC_CONNECTED and it depends on the configured conditions (e.g., upon stationarity, low mobility). Requiring UE to report each time there is measurement relaxation for NES purposes is not useful from a system efficiency point of view as it results in increased UE power and signaling overhead.
 
Proposal 9: There is no need for any NES technique that requires gNB to collect measurement relaxation report from UE as it results in increased UE power and has additional signaling overhead.
 
2.6 Paging enhancements
 
Observation 6: UE has high probability to be paged in the last served area, e.g. on the last serving SSB
 
Proposal 10:  gNB-DU can assist the gNB-CU by providing an area indication within the cell (e.g., the last served SSB), that can be later used by gNB-CU to limit the area paged within the cell.
 
3. Conclusion
Proposal 1: The following can be coordinated with neighboring gNBs regarding periodic/semi-static cell DTX/DRX (final details up to by RAN1/RAN2 agreements)
· Cell DTX/DRX periodicity 
· Cell DTX/DRX offset

Proposal 2: Dynamic cell DTX/DRX patterns (if supported by RAN1/RAN2) can be exchanged with neighbor gNBs either before the cell DTX/DRX Inactivity period (provided that fast backhaul is available) or retroactively after the inactivity period is over

Proposal 3: The following can be coordinated with neighboring gNBs during dynamic cell DTX/DRX (if supported by RAN1/RAN2)
· Starting slot for Tx/Rx inactivity (e.g., from slot #N)
· Ending slot for Tx/Rx inactivity (e.g., till slot #K)
· An explicit indication the cell DTX/DRX is dynamic (i.e., not periodic)

Proposal 4: If RAN1/RAN2 allows a flexibility that cell DTX and DRX can be disjoint or the same, an indication whether the cell DTX is identical to the cell DRX can be useful while coordinating with neighbor gNBs.

Observation 1: RAN1 is evaluating different sleep modes (e.g., deep/micro/light sleep) and the switching methodologies between different sleep modes. It is TBD whether these sleep modes will be standardized or only used for evaluation purposes.

Observation 2: Currently the NG-RAN nodes only have the knowledge whether a cell is activated or deactivated, which can be used for network energy savings by cell switch on or off as needed.
Proposal 5: RAN3 should enable coordination of more granular cell states over Xn/F1 interface e.g., sleep modes (deep/micro/light sleep) or Network Energy Saving (NES) states, if defined by RAN1

Proposal 6: RAN3 should discuss the following principles as part of coordinating granular cell states for NES and capture in the TR:
· The node provide basic coverage can request an activated or deactivated capacity booster cell to switch to a certain NES state (or sleep mode)
· The capability booster cell can enter into a certain NES state (or sleep mode) to save energy autonomously and inform the node providing basic coverage
· The cell can configure thresholds of the cell load for triggering events associated with transition to different NES states (or sleep modes)

Observation 3: Currently only two Cell States are possible over the F1 interface (cell states is known by both the gNB-DU and the gNB-CU)
· Inactive: The cell shall not serve UEs
· Active: The cell should try to provide services to the UE

Observation 4: Currently the gNB-DU informs the gNB-CU with a list of cells that are configured and ready to be activated. But it is the gNB-CU which finally decides which cells should be activated or deactivated i.e., whether the Cell State should be “Inactive” or “Active

Proposal 7: A gNB-DU should have the capability to switch on/off some of its served cells (only those cells that are pre-authorized by gNB-CU) or switch to a certain NES state autonomously to avoid backhaul latencies

Proposal 8: RAN3 should capture the following in TR:
· Inter-node beam activation allows an NG-RAN node to request a neighboring NG-RAN node to switch on certain SSB beams which have been deactivated
· For example, consider an overlaid scenario, where a capacity-layer cell switches off lightly loaded SSB beams for energy saving purposes (e.g., via setting SSB Coverage State as 0 in CCO). At a later time, the coverage-layer cell can request the re-activation of those SSB beams e.g., in case many UEs come into these SSB beam areas, and the coverage-layer cell cannot provide sufficient capacity anymore.

Observation 5: It is up to UE when it performs measurement relaxation during RRC_CONNECTED and it depends on the configured conditions (e.g., upon stationarity, low mobility). Requiring UE to report each time there is measurement relaxation for NES purposes is not useful from a system efficiency point of view as it results in increased UE power and signaling overhead.

Proposal 9: There is no need for any NES technique that requires gNB to collect measurement relaxation report from UE as it results in increased UE power and has additional signaling overhead.
 
Observation 6: UE has high probability to be paged in the last served area, e.g. on the last serving SSB

Proposal 10:  gNB-DU can assist the gNB-CU by providing an area indication within the cell (e.g., the last served SSB), that can be later used by gNB-CU to limit the area paged within the cell.
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