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[bookmark: _Ref9601301]Introduction
[bookmark: OLE_LINK16]The work item on network energy savings for 5G NR [1] tasks RAN1 to specify techniques that enable efficient adaptation of spatial elements, such as the number of active transceiver chains or the number of active antenna panels, when a gNB is transmitting and/or receiving NR waveforms. These enhancements will require novel signaling mechanisms that enable and configure spatial element adaptation at the UE and inform the UE when to switch between different spatial domain configurations. They will also necessitate changes to current CSI reporting procedures including the configuration of CSI-RS, the measurement of CSI, and the reporting of these measurements. 
During the first working group meeting for [1], RAN1 was able to make limited progress towards that end, as summarized below: 
	Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled

Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”

Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration

Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.

Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included

Agreement
For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline

Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



[bookmark: OLE_LINK33]In this contribution, we present additional views on Rel. 18 network energy saving techniques in the spatial domain. 
[bookmark: OLE_LINK15][bookmark: OLE_LINK24][bookmark: OLE_LINK25][bookmark: OLE_LINK18][bookmark: OLE_LINK19]Views on the scope for Rel. 18 network energy saving techniques
A hallmark feature of 5G NR is the support of massive antenna arrays, especially in frequency bands higher than those of previous generations. The benefits of these larger arrays are accompanied by increased complexity in layer 1 and beamforming processing as well as overall energy consumption. Ideally, the spatial dimensions follow the traffic volume, whereby the number of spatial dimensions is large when the offered traffic volume is large, and low when the load in the network is low. Such ON/OFF techniques have successfully been deployed in the first releases of 5G NR in the time and frequency domain and their evolution to the spatial domain in 5G-Advanced is natural as evident by the work item in [1].

[bookmark: OLE_LINK21]One consequence of the aforementioned large number of spatial dimensions is the corresponding large number of reference signals that allow for accurate acquisition of channel state information in each of the spatial dimensions. This is particularly relevant when looking at network energy consumption and dynamically adapting the number of antenna ports can alleviate the issue by allowing the network to match the required number of spatial dimensions to the actual need of a given UE as determined by SINR and traffic load. The faster and the more accurately the network can match the spatial dimensions to the traffic envelope, the more optimized the network will operate from an energy consumption perspective without sacrificing the network performance or user experience. However, further studies are needed whether said adaptation of the number of antenna ports is limited to UE-specific PDSCH transmissions or also extends to cell-wide CSI-RS transmissions. For example, group re-configuration could be specified for efficient signaling of the spatial network energy savings state to all UEs in case spatial adaptations are not limited to UE-specific PDSCH transmissions but also apply to CSI-RS transmissions.

[bookmark: OLE_LINK32]Observation 1: The faster and the more accurately the network can match the spatial dimensions to the traffic envelope, the more optimized the network will operate from an energy consumption perspective without sacrificing the network performance or user experience

[bookmark: OLE_LINK26]Proposal 1: Further study whether adaptation of the number of antenna ports is limited to UE-specific PDSCH transmissions or also extends to cell-wide CSI-RS transmissions 
· In the latter case, group re-configuration should be specified for efficient signaling of the spatial network energy savings state to all UEs

[bookmark: OLE_LINK17]The aforementioned dynamic adaptations will only prove beneficial to both the network and UE, if beyond network energy consumption the user experience and UE power consumption are considered. For example, too frequent adaptation will deteriorate battery performance and throughput at the UE if for the sake of energy savings, the spatial dimensions are underprovisioned or too frequent reconfiguration hinders the timely availability of accurate channel state information. Procedures for dynamic adaptation of spatial dimensions must thus be accompanied by techniques that allow the network to predict the performance impact of lowering the same.

[bookmark: OLE_LINK20]Observation 2: Procedures for dynamic adaptation of spatial dimensions must be accompanied by techniques that allow the network to predict the performance impact of lowering the same

Proposal 2: Corresponding CSI is available at gNB before adaptation

[bookmark: OLE_LINK22][bookmark: OLE_LINK23]In addition, the frequent reconfigurations themselves consume power and thus should be flexible, yet efficient. RAN1 needs to discuss whether the current RRC based procedures should be enhanced or whether novel procedures faster than RRC need to be specified. For example, instead of requiring a separate configuration for each reduction level of spatial dimensions, different CSI reporting hypotheses could be defined for different levels of spatial dimensions which all rely on the same RRC configuration, thereby making frequent reconfigurations of the CSI resources unnecessary. Specifically, Rel. 18 specifications should no longer require a separate CSI report configuration for every CSI report corresponding to a different spatial assumption. Rather, it should be possible for one CSI report configuration to trigger CSI reports of multiple spatial assumptions. Similarly, a single CSI-RS resource configuration could enable multiple CSI reports for different spatial assumptions. Such enhancements would significantly reduce the signaling overhead compared to currently specified procedures who may support similar behavior, but with vastly lower efficiency. 
Allowing a single CSI report configuration and/or a single CSI-RS resource configuration to be associated with multiple spatial assumptions furthermore allows for increased efficiencies at the UE as individual calculations and reports are no longer treated separately and can leverage correlations across spatial assumptions. The actual number of spatial dimensions for which the UE shall report CSI could then be signaled by novel MAC/L1 procedures, resulting in the desired performance benefits without introducing a need for frequent reconfigurations. 

[bookmark: OLE_LINK28]Proposal 3: Define different CSI reporting hypotheses for different levels of spatial dimensions which rely on the same RRC configuration
· For CSI resource configuration, a common CSI-RS resource/resource set is associated with multiple spatial adaptation patterns
· For CSI reporting, support joint reporting of multiple CSIs 
· Further study the need/benefit of overhead reduction 

Proposal 4: Further study whether the actual number of spatial dimensions for which the UE shall report CSI uses L1 or MAC procedures

[bookmark: OLE_LINK27]In order to reactivate spatial dimensions when traffic demands to, the UE needs to be able to measure deactivated spatial dimensions at least occasionally. The periodicity of such measurements is crucial to both the network and UE. At the network, transceiver circuitry needs to be activated for the transmission of reference signals that otherwise is dormant since the corresponding spatial dimensions are inactive for data transmission. At the UE, CSI measurements and reporting are performed that do not directly result in increased performance or lower energy consumption. Rather, the UE and/or network are simply maintaining timely CSI for inactivated spatial dimensions to remain responsive to sudden data demand in order to not deteriorate the perceived user experience through latencies induced by the reduction of spatial dimensions for the sake of energy savings. Periodic configurations would make the measurements of inactivated dimensions predictable at the UE, however, since the main concern is network energy savings, aperiodic triggering should also be considered. Leveraging the existing frameworks for ZP-CSI-RS should be considered when specifying the signaling procedures that indicate to a UE the deactivated spatial dimensions. Lastly, the reporting of the CSI itself can potentially be optimized to allow for the reporting of the aforementioned hypotheses for different spatial dimensions in an efficient manner.

[bookmark: OLE_LINK29][bookmark: OLE_LINK31][bookmark: OLE_LINK30]Proposal 5: Different CSI reporting hypotheses for different levels of spatial dimensions are defined by reusing the ZP-CSI-RS framework avoiding fundamental changes to the codebook structure and/or CSI-RS patterns 

Proposal 6: Consider enhancements to the CSI reporting procedures for efficient reporting of different hypotheses for different levels of spatial dimensions

Last but not least, if RAN1 agrees to also support type 2 spatial adaptation, beam management and beam failure procedures may need to be enhanced in order to efficiently support type 2 adaptations. 

Proposal 7: If RAN1 agrees to support type 2 spatial adaptation, study the need for beam management and beam failure enhancements 
[bookmark: OLE_LINK1][bookmark: OLE_LINK2]Conclusion
In this contribution, we presented our views on the scope for Rel. 18 network energy saving techniques. The following is proposed: 
 
Proposal 1: Further study whether adaptation of the number of antenna ports is limited to UE-specific PDSCH transmissions or also extends to cell-wide CSI-RS transmissions 
· In the latter case, group re-configuration should be specified for efficient signaling of the spatial network energy savings state to all UEs

Proposal 2: Corresponding CSI is available at gNB before adaptation

Proposal 3: Define different CSI reporting hypotheses for different levels of spatial dimensions which rely on the same RRC configuration
· For CSI resource configuration, a common CSI-RS resource/resource set is associated with multiple spatial adaptation patterns
· For CSI reporting, support joint reporting of multiple CSIs 
· Further study the need/benefit of overhead reduction 

Proposal 4: Further study whether the actual number of spatial dimensions for which the UE shall report CSI uses L1 or MAC procedures

Proposal 5: Different CSI reporting hypotheses for different levels of spatial dimensions are defined by reusing the ZP-CSI-RS framework avoiding fundamental changes to the codebook structure and/or CSI-RS patterns 

Proposal 6: Consider enhancements to the CSI reporting procedures for efficient reporting of different hypotheses for different levels of spatial dimensions

Proposal 7: If RAN1 agrees to support type 2 spatial adaptation, study the need for beam management and beam failure enhancements 
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