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Introduction
The WI for Network Energy Saving (NES) was approved in RAN#98-e [1]. One of its objectives is to specify solutions for spatial and power domain adaptations, which has been approved for 3GPP Rel-18:
	3. [bookmark: _Hlk89917254]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



This contribution focuses on ways to enable dynamic and efficient adaptation of the spatial elements for NES. 
Adaptation of Spatial Elements
The spatial adaptation technique #C1, from the study item phase, was described in TR 38.864 [2] as follows:
	According to legacy MIMO procedures, the adaptation of spatial elements can be achieved by RRC (re-)configurations updating, such as CSI-RS (re-)configurations, in a semi-static manner. Moreover, the current framework allows UE to be configured with multiple CSI-RS resources, where these CSI-RS configurations may be with respect to different numbers of spatial antenna ports or antenna elements. With CSI reports respect to different number of spatial elements available, gNB is able to dynamically adjust the number of spatial elements for PDSCH transmission in current specification. CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation framework can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
Technique C-1 aims to enhance dynamically adaptation of spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.



In essence, for NES gains, the recommended specification by the WID (i.e., via necessary enhancements on CSI and beam management related procedures including measurement and report, and signalling) to enable adaptation of active spatial elements should create opportunities for turning off associated hardware components of the inactivated transceiver chains and/or antenna panels in the physical antenna array. In this regard, the number of available spatial elements in the radio unit (RU) of a gNB performing MIMO transmission (or reception) can be viewed as being proportional to the number of (virtual) antenna ports and the number of (physical) antenna elements. Depicted in Figure 1 is the relationship between the number of layers, virtual antenna ports and physical antenna elements in a gNB’s RU performing MIMO transmission or reception. 
[image: ]
[bookmark: _Ref127545294]Figure 1: Relationship between the number of layers, virtual antenna ports and physical antenna elements in the radio unit of a gNB performing MIMO transmission or reception.
In order to leverage low or medium load scenarios, adaptation of the number of active spatial elements associated with the ports or the physical antenna elements can be addressed either through enhanced CSI-related procedures and/or (when applicable) enhanced beam management procedures, as discussed next.
CSI-Related Procedures
When the number of available ports  is relatively high and the number of physical antenna elements  ≥  is comparable to the number of ports, i.e.,  ≈ , like in FR1 systems, low or medium load scenarios needing to communicate via fewer MIMO layers might create opportunities for activating only a subset of the available antenna ports. A sustainable and efficient scaling down of the MIMO precoding—and in turn the number of active ports to minimize energy consumption—with minimal degradation in user performance, would require enhanced CSI acquisition procedures. 
As indicated, legacy MIMO systems can implement such adaptation only via slow manoeuvres such as RRC reconfigurations of CSI-RS resource(s) and/or obtaining CSI feedback corresponding to CSI-RS resource(s) associated with different numbers/sets of ports at the network node over a period of time and/or several CSI feedback occasions. Such procedures, however, would increase latency and control overhead, and might allow only slower adaptation compared to possibly rapidly changing network conditions in certain scenarios.
For a more dynamic and low-latency adaptation of antenna ports at the gNB, switching between different subsets of antenna ports in the array or falling back to a smaller subset of the array, the network can be enabled to request CSI feedback with regard to a specific subset or a configured number of subsets of ports associated with the CSI-RS resource used by UEs to compute the CSI feedback. 
[bookmark: _Toc126753650]Observation 1: Enabling the network to request CSI feedback with regard to a specific subset or a configured number of subsets of ports associated with the CSI-RS resource(s) used by UEs to compute the CSI feedback will be beneficial for minimizing network energy consumption through spatial element adaptation.
In order to address the trade-off between NES requirements and other performance metrics (like network and UE throughput) more effectively, the UEs can be enabled to address such trade-off instead of providing a comprehensive CSI feedback pertaining to several or all subsets of ports associated with CSI-RS resource(s) and leaving the decision to the network. Allowing the UE to assess the NES vs performance trade-off, the CSI feedback overhead can be considerably reduced to either one or a very limited number of subsets of ports. 
Observation 2: By enabling UEs to address trade-off between NES requirements and other performance metrics more effectively, the UEs can be allowed to choose a specific subset or a limited number of subsets of ports associated with the CSI-RS resource(s) to perform CSI feedback.
Proposal 1: RAN1 to discuss mechanisms to enable UEs to perform CSI feedback efficiently and sustainably, based on trade-off between NES (through reducing special elements at gNB) and other performance metrics including feedback overhead. 
Beam Management-Related Procedures  
When the number of MIMO layers  and in turn the number of ports  are relatively low with the number of available physical antenna elements  ≥  are much higher than the number of ports, like in FR2, low or medium load scenarios needing to communicate with fewer users might create opportunities for activating only a subset of the available antenna elements. This means implementing a compromised beamforming to minimize energy consumption, through enhanced beam management procedures, with a minimum expected degradation in user performance. 
Note that beam management in downlink involves the possibility for gNB beam sweeping via CSI-RS transmissions by fixing already selected UE beam(s), to perform UE measurements followed by reporting of one or more of the gNB beam(s) by the UE to the gNB. This possibility can be leveraged and enhanced for optimizing the gNB beam(s) for NES, for example, by changing the properties of the gNB beams that are swept via CSI-RS transmissions via employing different reduced subsets of physical antenna elements from the available array. Then, UEs can be enabled to measure and report beams considering NES constraints and sufficient link gain. Thus, in beam management-related enhancements for NES in FR2, UEs can be enabled to do beam reporting based on CSI-RS measurements considering NES constraints while maintaining sufficient link gains.
Observation 3: In beam management-related enhancements for NES in FR2, UEs can be enabled to do beam reporting based on CSI-RS measurements considering NES constraints while maintaining sufficient link gains.
Proposal 2: RAN1 to discuss mechanisms to enable UEs to perform beam measurement and efficient reporting to meet NES requirements while maintaining sufficient link gains.
Conclusions
In this contribution, we discussed some aspects of Spatial Domain Adaptations for Network Energy Savings. The following observations and proposals have been made:

Observation 1: Enabling the network to request CSI feedback with regard to a specific subset or a configured number of subsets of ports associated with the CSI-RS resource(s) used by UEs to compute the CSI feedback will be beneficial for minimizing network energy consumption through spatial element adaptation.
Observation 2: By enabling UEs to address trade-off between NES requirements and other performance metrics more effectively, the UEs can be allowed to choose a specific subset or a limited number of subsets of ports associated with the CSI-RS resource(s) to perform CSI feedback.
Proposal 1: RAN1 to discuss mechanisms to enable UEs to perform CSI feedback efficiently and sustainably, based on trade-off between NES (through reducing special elements at gNB) and other performance metrics including feedback overhead. 
Observation 3: In beam management-related enhancements for NES in FR2, UEs can be enabled to do beam reporting based on CSI-RS measurements considering NES constraints while maintaining sufficient link gains.
[bookmark: _GoBack]Proposal 2: RAN1 to discuss mechanisms to enable UEs to perform beam measurement and efficient reporting to meet NES requirements while maintaining sufficient link gains.
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