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Introduction
Mobile communication continues to grow year after year. In particular, the deployment of 5G NR networks has been a resounding success. Accelerated adoption rate, new use cases pushing data rate requirements and denser networks are definitively desired, but all of that is coming with a price: the increase in total energy consumption of 5G networks. In light of the ambitious CO2 emission reduction targets and increased network Operational Expenses (Opex), energy consumption is getting increasingly important. 
For this reason, Rel-18 includes a study item on Network Energy Saving aiming at saving energy consumption while other performance criteria are maintained [1]. One of the objectives of this study is: 
	Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
	•	How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
•	Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

This contribution discusses several aspects of existing network energy saving techniques as a first step to identifying the most promising solutions.  
Scope of Network Energy Saving Techniques
Network energy saving techniques can be realized in many different forms. For example, in [7] three possibilities are explained: autonomous decisions taken by each cell, backhaul-based signaling, and UE assisted cell wake-up. Furthermore, decisions involving backhaul signaling could be made in a distributed or centralized way. In the study phase, the different approaches for network energy saving should be investigated and compared. 
Observation 1: Network energy saving techniques can be realized in many different forms.
Proposal 1: In the study phase, the different approaches for network energy saving should be investigated and compared.
In general, it is widely acknowledged that the benefits of network energy saving techniques are larger in low to moderate traffic loads [2]. The traffic load, however, should not be understood only in terms of absolute throughput. Instead, for the sake of network energy saving, the load should be understood as the relation between user activity and cell density. For example, small cells are most often deployed where there is a high density of users and high throughput is needed. Nonetheless, each small cell may serve only a few users because of the small communication range. Therefore, from the perspective of a single cell, that cell could have a low load even in a high traffic area. 
Observation 2: For the sake of network energy saving, the load should be understood as the relation between user activity and cell density.

Furthermore, it is important to consider both the user data needs as well as how many users are camped on each cell. In [3], it is highlighted that even when there is no user data, the gNB needs to be active between 14.8% (FR1) and 40.8% (FR2) of time. This is due to SSBs, SIB1/OSI, paging and PRACH. Therefore, even at zero load, significant active time is spent just to maintain this basic signaling structure. Therefore, the reduction of gNB active time where there is no user traffic should be investigated. 
Proposal 2: The reduction of gNB active time where there is no user traffic should be investigated.
gNBs can not only be active or inactive. Hardware evolution can allow different gNB sleep states. However, exploiting them requires significant network flexibility [8]. This faster tracking is essential for 3GPP to take the network energy efficiency to the next level, as existing mechanisms do not allow fast adaptation to traffic (see next section). This is captured in the objective in [1] as "finer granularity adaptation of transmissions and/or receptions". 

Existing Procedures for Network Energy Saving
Some network energy saving mechanisms were already introduced in previous releases. In particular, the Xn application protocol [9] provides signaling functionality such that neighbor gNBs can be informed when some cells are activated or deactivated in order to save energy.  
When there is a decision to switch off a cell, an NG-RAN node (gNB or ng-eNB) can inform neighbors using the Deactivation Indication IE (within Served Cells NR To Modify IE). The meaning of this information element is in essence that the concerned cell was switched off to lower energy consumption. 
When there is a need to re-activate a cell, the signaling can also be done via Xn using using a CELL ACTIVATION request [9]. If the request is fulfilled, it will be answered with a CELL ACTIVATION RESPONSE. If the request is not fulfilled, a CELL ACTIVATION FAILURE will indicate the cause for failure. 
Note that the existing Xn mechanism does not include means to gather information needed to take decisions to switch on or off cells.   
Observation 3: The existing Xn mechanism does not include means to gather information needed to take decisions to switch on or off cells.   

The Role of UE Assistance
When the network is operating at full capacity, with all cells active, the network can use the different measurements to determine the best configuration providing a better service for the UEs. Indeed, mobility procedures and traffic load require constant matchmaking between cells and UEs. Once a cell is turned off or scaled down to a sleep mode, the network loses this ability to optimally track traffic and mobility. For example, if a cell is not emitting any signal that the UE can measure, the network receives no measurement report indicating the reception quality of the UEs. In order to achieve optimized network configuration in the desired finer granularity of adaptations, new mechanisms to gather traffic and mobility information should be introduced. 
Observation 4: In order to achieve optimized network configuration in the desired finer granularity of adaptations, new mechanisms to gather traffic and mobility information may be needed.
One way to resolve the lack of measurement information at the network side is to configure UEs to transmit assistance information indicating the UE perspective and needs. The network can then utilize this information to adapt and optimize the configuration or revert at that point in time from non-operational sites to operational. In essence, UE assistance can be defined as any information configured to be shared by the UE to assist the network in optimizing configuration and operation. Several examples of potential UE assistance information for network energy saving are discussed in [4]. Such kind of information will help the network to have a better insight on:
· Traffic characteristics
· Mobility state
· Which sleeping cell could be the best match to serve a certain UE
Although different types of UE assistance signaling can be already conveyed by RRC signaling [6], it is not precluded to consider any other layer due to latency constraints arising from the processing and transmission time of the higher layer signaling. For example, the proposals of a wake-up signal [4], [5] can be considered as a type of UE assistance information. Seen this way, the wake-up signal will inform the network that 1) some traffic is starting, and 2) the target cell is able to serve that user considering a specific quality of service. Considering the UE assistance data, the network can decide on reactivating the corresponding cell. 
Existing solutions do not allow the network energy saving strategy to track fast traffic variations. Considering UE assistance data, the network is able to flexibly and precisely adapt its configuration, enabling the network to improve energy saving while meeting the UEs service requirements. The use of UE assistance information can therefore play an important role in achieving the goal stated in this study item [1].
Proposal 3: UE Assistance information helping network energy saving should be studied and identified.
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Based on the topics discussed in the previous sections, the following observations and proposals have been made in this contribution:
Observation 1:  Network energy saving techniques can be realized in many different forms.
Observation 2:  For the sake of network energy saving, the load should be understood as the relation between user activity and cell density.
Observation 3:  The existing Xn mechanism does not include means to gather information needed to take decisions to switch on or off cells.   
Observation 4:  In order to achieve optimized network configuration in the desired finer granularity of adaptations, new mechanisms to gather traffic and mobility information may be needed.

Proposal 1: In the study phase, the different approaches for network energy saving should be investigated and compared.
Proposal 2: The reduction of gNB active time where there is no user traffic should be investigated.
Proposal 3: UE Assistance information helping network energy saving should be studied and identified.
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