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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. 
To that end, the following was agreed at the last RAN1 #112bis-e meeting: 
	Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases

Agreement
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.

Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement

Agreement
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity

Conclusion
New CSI-RS resource (RE mapping) pattern is not introduced for R18 network energy savings purpose.
· Note: CSI-RS resource (RE mapping) pattern above refers to a row in TS 38.211 Table 7.4.1.5.3-1 determining CSI-RS locations within a slot.

Agreement
· For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
· Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE

Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content

Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for

Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports

Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.



[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
[bookmark: OLE_LINK21]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. 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 and the lower the impact will be on network performance and user experience. 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_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 and the lower the impact will be on network performance and user experience.

[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 complexity are considered. For example, both too frequent and too infrequent 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.

At the last RAN1 #112bis-e meeting, a working assumption was agreed that both Al-1-revised and A1-2-revised are supported.
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
If RAN1 confirms this working assumption, separate UE capabilities should be defined for A1-1 and A1-2 whereby one is a prerequisite of the other. This way, market fragmentation can be avoided. For the same reasons, no additional alternatives need to be supported beyond A2-2.

Proposal 1: 
· If RAN1 confirms the working assumption, separate UE capabilities should be defined for A1-1 and A1-2 whereby one is a prerequisite of the other.
· No additional alternatives need to be supported beyond A2-2.

At RAN1 #112bis-e, it was agreed to further study overhead and payload reduction techniques for CSI feedback. In our view, such mechanisms are highly desirable and should be supported. RAN1 also agreed to study whether UEs can skip the evaluation of some sub-configurations. In our view, network control is preferred over UE autonomous reporting decisions for CSI.

Proposal 2: 
· Rel. 18 network energy savings procedure support overhead and payload reduction techniques for CSI feedback
· Rel. 18 network energy savings procedure do not support UE autonomous skipping of CSI reports for a subset of sub-configurations. 

At RAN1 #112bis-e, a long list of FFS points was agreed for what can be included for each sub-configuration for Type 1 SD adaptation incl. rank restriction, codebook subset restriction, supported codebook types for PMI (Type-I or Type-II), report quantity, reportFreqConfiguration, and group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used. When resolving the FFS points, RAN1 ideally immediately agrees what can be a separate UE capability versus what has to be included for each sub-configuration for Type 1 adaptation.

Proposal 3: When resolving the FFS points, RAN1 ideally immediately agrees what can be a separate UE capability versus what has to be included for each sub-configuration for Type 1 adaptation.

Lastly, at the RAN1 #112bis-e meeting, it was agreed that necessary enhancements will be defined to support both types of spatial adaptation cases as defined in RAN1#112 while this does not imply explicit definition in specifications for adaptation types or explicit specification changes are made for both cases. In our view, specification impact for Type 2 adaptation should be minimized or even avoided. Regardless, it is not necessary to optimize for Type 2 in Rel. 18.

Proposal 4: Specification impact for Type 2 adaptation should be minimized or even avoided. 
· It is not necessary to optimize for Type 2 in Rel. 18.

[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: 
· If RAN1 confirms the working assumption, separate UE capabilities should be defined for A1-1 and A1-2 whereby one is a prerequisite of the other.
· No additional alternatives need to be supported beyond A2-2.

Proposal 2: 
· Rel. 18 network energy savings procedure support overhead and payload reduction techniques for CSI feedback
· Rel. 18 network energy savings procedure do not support UE autonomous skipping of CSI reports for a subset of sub-configurations. 

Proposal 3: When resolving the FFS points, RAN1 ideally immediately agrees what can be a separate UE capability versus what has to be included for each sub-configuration for Type 1 adaptation.

Proposal 4: Specification impact for Type 2 adaptation should be minimized or even avoided. 
· It is not necessary to optimize for Type 2 in Rel. 18.
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