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1. Introduction 
In this paper, we discuss information that can exchanged or coordinated over network interfaces to support network energy savings in Rel-18.

2. Discussion
3GPP in Rel-16 and Rel-17 currently supports intra-system and inter-system energy savings and supports the following functionalities:

· Cell switch off: A node owning a capacity booster cell can autonomously decide to switch-off such a cell to lower energy consumption and inform its neighboring cells

· Reactivation of inactive cell: A node owning non-capacity boosting cells may request a re-activation of the capacity booster cells if capacity needs in such cells demand to do so

2.1 Enhanced Cell States for NES
One of the objectives of the study item 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 1: RAN3 should study whether it feasible to 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 2: RAN3 should discuss the following principles as part of enhanced 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
1. The capability booster cell can enter into a certain NES state 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 different NES state transition
2.2 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
 
Proposal 3: RAN3 should discuss the following principles as part of enhanced cell states for NES and capture in the TR: 
1. A gNB-DU should have the capability to switch on/off its served cells or switch to a certain NES state autonomously (without instruction from gNB-CU) to avoid backhaul latencies
1. A gNB-DU can optionally inform the gNB-CU about the switching of Cell States. It is TBD whether gNB-CU can reject this gNB-DU initiated cell state switch.
2.3 Beam level activation/deactivation
Observation 5: SSB beam level deactivation (or activation) is implicitly supported today by setting SSB Coverage State as ‘0’ (or non-zero value) respectively in CCO. 
 
Proposal 4: Reuse existing techniques in CCO for SSB beam level activation/deactivation and there is no need to define an explicit SSB beam activation/deactivation procedure.
2.4 BS DTX/DRX
RAN1 is discussing different network energy saving techniques in the time domain and companies unanimously supported the option of cell switching on/off either dynamically or semi-statically. The excerpt from the relevant #109e agreement can be seen below:
	c) semi-static and/or dynamic cell on/off in one or more granularity, e.g. /subframe/slot/symbol; some examples are:
· Cell/network node activation request by the UE, for example using signal/channel from UE for gNB’s wake-up request
· enhancements to L1/L2 based mobility to efficiently enable a network node (e.g. TRP, repeater) on/off operation within a cell (within network energy saving SI scope)
· signaling enhancements for indication of semi-static and/or dynamic cell/subframe/slot/symbol on/off duration


The network energy savings from such a mechanism come from the fact that the BS can go to sleep mode. UEs also can benefit from such a scheme since UEs do not need to monitor PDCCH for example and can go to sleep mode as well, when the BS goes to sleep mode. Ideally and in cases of few, e.g., a couple, of connected UEs per cell, all of those UEs supporting traffic without low latency requirements, could align their C-DRX pattern with the BS DTX pattern. Additional network energy savings could also be obtained from the lower signaling overhead; as an example, a BS operating in DTX mode for a given cell and with a given pattern which is transmitted to the UEs, implies that UEs in this cell, apply the BS DTX pattern in this cell as their own DRX pattern. Hence, the network might not need to configure DRX per UE in the cell separately. 
In this BS DTX pattern, there are periods in which the BS is actively transmitting – “BS Tx Active State” - and periods in which the BS is switching off its transmitter, which is the “BS Tx Inactive State”. The assumption is that the BS during this “BS Tx Inactive State” goes to sleep mode.
This BS DTX pattern can be either semi-static or dynamic. In a semi-static pattern, the “BS Tx Active State” and “BS Tx Inactive State” have fixed durations and the periodicity of the BTX pattern is fixed. In case of dynamic BS DTX pattern, “BS Tx Inactive State” is triggered dynamically by the network, via e.g., DCI. Figure 2 illustrates examples of semi-static and dynamic BS DTX patterns. The benefit of the dynamic BS DTX pattern is that the network can quickly respond to DL traffic activity and thus provide more BS sleep occurrences. Hence, in some cases, the network energy savings can be higher with the dynamic BS DTX pattern.


[bookmark: _Ref110501632]Figure 2: Semi-static and dynamic BS DTX patterns.



Observation 6: RAN1 and RAN2 are studying BS DTX/DRX, which is the mechanism allowing the BS to go to sleep mode for a certain inactivity period, which can be configured semi-statically (e.g., a fixed periodic duration) or dynamically (e.g., via L1/L2 command for a configured sleep duration)
 
Proposal 5: RAN3 should study network impacts e.g., inter-node coordination associated with BS DTX/DRX and whether backhaul signaling can support both the semi-static and dynamic BS DTX/DRX.
 
Observation 7: The following are some benefits if the neighbor BSs are aware of the time periods during which their neighbor BS is in sleep mode.
· Neighbor BSs can schedule PDSCHs to UEs at cell edges or in general UEs receiving interference from their neighbor BS (which is temporarily switched off)
· Neighbor BSs can schedule aperiodic CSI-RS to UEs in the cell, being aware that the aperiodic CSI-RS measurements will be “clean” from interference from the neighbor BS (that is switched off)
· Neighbor BSs having configured periodic CSI-IM measurements to their UEs, are aware that the IM measurement is “free” from interference from the neighbor having switched off temporarily its Tx (during the BS Tx Inactive period of the neighbor BS)
 
Proposal 6: Semi-static BS DTX/DRX patterns can be exchanged with neighbor BSs before the BS Tx/Rx inactivity period so that neighbor BSs can schedule data to their cell-edge users and treat CSI-RS accordingly during the inactivity period
 
Proposal 7: Dynamic BS DTX/DRX patterns can be exchanged with neighbor BSs either before the BS Tx/Rx Inactivity period (provided that fast backhaul is available) or retroactively after the inactivity period is over
 
Proposal 8: During BS DTX/DRX coordination with the neighbor BSs, the network can indicate the following 
· A flag whether the BS DTX pattern is identical to the BS DRX pattern
· Whether the BS DTX/DRX pattern is periodic or dynamic
· Tx/Rx Inactivity duration (in case of fixed inactivity period)
· Starting slot for Tx/Rx inactivity (e.g., from slot #N)
· Ending slot for Tx/Rx inactivity (e.g., till slot #K)
2.5 Other RAN1/RAN2 Techniques
Proposal 9: Wait for RAN1/RAN2 progress before discussing potential network impacts and inter-node coordination for other techniques e.g., dynamic adaptation of common signals (SSB) or new reference signals (e.g., Cell Wake up signal (WUS) or DRS)
3. Conclusion
Enhanced cell states for NES
 
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 1: RAN3 should study whether it feasible to 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 2: RAN3 should discuss the following principles as part of enhanced 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
1. The capability booster cell can enter into a certain NES state 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 different NES state transition
 
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
 
Proposal 3: RAN3 should discuss the following principles as part of enhanced cell states for NES and capture in the TR: 
1. A gNB-DU should have the capability to switch on/off its served cells or switch to a certain NES state autonomously (without instruction from gNB-CU) to avoid backhaul latencies
1. A gNB-DU can optionally inform the gNB-CU about the switching of Cell States. It is TBD whether gNB-CU can reject this gNB-DU initiated cell state switch.
 
Beam level activation/deactivation
 
Observation 5: SSB beam level deactivation (or activation) is implicitly supported today by setting SSB Coverage State as ‘0’ (or non-zero value) respectively in CCO. 
 
Proposal 4: Reuse existing techniques in CCO for SSB beam level activation/deactivation and there is no need to define an explicit SSB beam activation/deactivation procedure.
 
BS DTX/DRX
 Observation 6: RAN1 and RAN2 are studying BS DTX/DRX, which is the mechanism allowing the BS to go to sleep mode for a certain inactivity period, which can be configured semi-statically (e.g., a fixed periodic duration) or dynamically (e.g., via L1/L2 command for a configured sleep duration)
 
Proposal 5: RAN3 should study network impacts e.g., inter-node coordination associated with BS DTX/DRX and whether backhaul signaling can support both the semi-static and dynamic BS DTX/DRX.
 
Observation 7: The following are some benefits if the neighbor BSs are aware of the time periods during which their neighbor BS is in sleep mode.
· Neighbor BSs can schedule PDSCHs to UEs at cell edges or in general UEs receiving interference from their neighbor BS (which is temporarily switched off)
· Neighbor BSs can schedule aperiodic CSI-RS to UEs in the cell, being aware that the aperiodic CSI-RS measurements will be “clean” from interference from the neighbor BS (that is switched off)
· Neighbor BSs having configured periodic CSI-IM measurements to their UEs, are aware that the IM measurement is “free” from interference from the neighbor having switched off temporarily its Tx (during the BS Tx Inactive period of the neighbor BS)
 
Proposal 6: Semi-static BS DTX/DRX patterns can be exchanged with neighbor BSs before the BS Tx/Rx inactivity period so that neighbor BSs can schedule data to their cell-edge users and treat CSI-RS accordingly during the inactivity period
 
Proposal 7: Dynamic BS DTX/DRX patterns can be exchanged with neighbor BSs either before the BS Tx/Rx Inactivity period (provided that fast backhaul is available) or retroactively after the inactivity period is over
 
Proposal 8: During BS DTX/DRX coordination with the neighbor BSs, the network can indicate the following 
· A flag whether the BS DTX pattern is identical to the BS DRX pattern
· Whether the BS DTX/DRX pattern is periodic or dynamic
· Tx/Rx Inactivity duration (in case of fixed inactivity period)
· Starting slot for Tx/Rx inactivity (e.g., from slot #N)
· Ending slot for Tx/Rx inactivity (e.g., till slot #K)

 
Other RAN1/RAN2 techniques
 
Proposal 9: Wait for RAN1/RAN2 progress before discussing potential network impacts and inter-node coordination for other techniques e.g., dynamic adaptation of common signals (SSB) or new reference signals (e.g., Cell Wake up signal (WUS) or DRS)

4. References

image1.png
NG-RAN2/
NG-RAN1
NG-RANT

CELL STATE INDICATION

(activated, deactivated, Sleep
mode e.g., deep/micro/light
sleep or network energy states)




image2.emf
BS DTX Patterns

•

Option 1: Semi-static pattern

•

Option 2: Dynamic pattern

time

“BS TX Active State”

(DL Tx possible, BS can NOT go to sleep mode)  

“BS TX Inactive State”

(No DL Tx, BS can go to sleep mode)

Period  

Example

Example

Trigger (DCI)  


Microsoft_PowerPoint_Macro-Enabled_Slide.sldm
BS DTX Patterns

Option 1: Semi-static pattern























Option 2: Dynamic pattern



time

“BS TX Active State”

(DL Tx possible, BS can NOT go to sleep mode)  























“BS TX Inactive State”

(No DL Tx, BS can go to sleep mode)

Period  

Example



























Example

Trigger (DCI)  
























