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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

Observation 1: 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 off as needed.
 
2.1 Energy states coordination
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.

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 states, if defined by RAN1
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Figure 1: Energy states coordination
2.2 Time domain coordination
One method for network energy saving can be achieved in time domain by the gNB defining a cell level DRX, thereby aligning the DRX configurations of UEs served on a cell such that the DRX inactive times of the UEs are overlapping. During the overlapping inactive times, the gNB discontinues scheduling of all connected UEs on the cell, which saves energy if the cell has no other communication.

Observation 2: Aligning UE DRX cycles enables DTX at cell side for energy saving, thereby potentially allowing the gNB to define a cell level DRX

Proposal 2: RAN3 should study solutions to enable time domain coordination e.g., cell DRX config (if defined by RAN1/RAN2) over Xn/F1 interface
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Figure 2: Time domain coordination

2.3  Spatial coordination
One method for network energy saving in spatial domain can be achieved by defining a semi-static slot level antenna configuration as shown in Figure 3 where A, B, C and D could correspond to different spatial configuration e.g., different number of antennas/TxRPs. In such a case, it might be beneficial to coordinate this semi statically over Xn/F1 interface.
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Figure 3: Semi-static slot-level antenna configuration

Proposal 3: RAN3 should study solutions to enable spatial coordination for network energy savings e.g., by coordinating slot level antenna configuration (if defined by RAN1) semi-statically over Xn/F1 interface
 
2.4  Power coordination
Adjusting the power of a cell, TRP, beam or DL signals/channel can achieve some network energy savings. A power ramping configuration can be pre-configured for different sleep modes and can be exchanged over F1/Xn to semi-statically adapt power for network energy saving.

Proposal 4: RAN3 should study solutions to enable power coordination over Xn/F1 interface for the purpose of network energy saving e.g., coordinate power at a cell, TRP, beam, DL signals/channel level
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Figure 4: Power coordination

3. Conclusion
Observation 1: 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 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 states, if defined by RAN1

Observation 2: Aligning UE DRX cycles enables DTX at cell side for energy saving, thereby potentially allowing the gNB to define a cell level DRX

Proposal 2: RAN3 should study solutions to enable time domain coordination e.g., cell DRX config (if defined by RAN1/RAN2) over Xn/F1 interface

Proposal 3: RAN3 should study solutions to enable spatial coordination for network energy savings e.g., by coordinating slot level antenna configuration (if defined by RAN1) semi-statically over Xn/F1 interface

Proposal 4: RAN3 should study solutions to enable power coordination over Xn/F1 interface for the purpose of network energy saving e.g., coordinate power at a cell, TRP, beam, DL signals/channel level
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