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Introduction
In RAN1#112bis-e [1], the following agreements were made for spatial and power domain techniques for network energy savings enhancements:
	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
The following bullet was not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1


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 power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed

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

Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.

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.

Conclusion
From RAN1 perspective, there is no action needed for the LS R1-2302288 from SA5 this time.



In this contribution document, we discuss our views on the potential NES-based techniques in both spatial domain and power domain. More specifically, we shed light on potential NES techniques corresponding to the WID, in light of the sub-techniques provided in TR 38.864 [2]. Furthermore, we discuss the potential specification impact of the corresponding NES techniques.
Spatial-domain NES techniques
[bookmark: _Hlk100228640]In a network operating with multiple antennas/antenna panels, it may be desirable to dynamically turn on/off a certain antenna group or antenna panel, e.g., between an active state and an inactive state, based on traffic conditions to reduce energy consumption. In order to support such features without significantly impacting the performance at the UE(s), e.g., with respect to throughput and/or latency, the network should be able to properly select a subset of antenna ports, antenna elements or antenna panels at a given time for DL transmission to reduce the network energy consumption whenever necessary. In the sequel, we provide an overview of some potential spatial-domain NES techniques.
2.1 CSI resource configuration enhancements 
In RAN1#112bis-e, it was agreed to support legacy port configuration values (N1, N2) or (Ng, N1, N2), where the former configuration corresponds to Type-I single-panel and Type-II codebook types, whereas the latter configuration corresponds to Type-I multi-panel codebook type. In our opinion, single-panel codebook types, e.g., Type-I single-panel codebook and Rel-16 eType-II codebook should be prioritized, since they are more widely implemented, in addition to their resemblance with respect to the port configuration. Due to the limited time remaining for discussion, our preference is to prioritize Type-I single-panel codebook enhancements.
For spatial adaptation enhancements under NES, prioritize enhancements corresponding to Type-I single-panel codebook type

One way to achieve notable NES is to reduce the transmission and/or signaling overhead associated with CSI framework, both for CSI and BM purposes. For instance, a CSI configuration that corresponds to NES would be associated with one of the following characteristics
· Alt1. An NZP CSI-RS resource set for BM comprising a reduced number of active beams 
· Alt2. A CMR with a reduced number of CSI-RS ports 
· Alt3. A CMR configured with a reduced frequency density value 
· Alt4. A P/SP CMR configured with a larger periodicity value
As mentioned above, Alt1 aims at reducing the number of beams and hence reducing the number of active CSI-RS resources associated with beam measurement and reporting. Alt2 reduces the number of antenna ports when NES is activated. Alt3 reduces the density of the CSI-RS symbols over RBs, whereas Alt4 increases the periodicity value, i.e., time period between two consecutive CSI-RS transmissions, for periodic and/or semi-persistent CSI-RS transmission. 
Note that to enable energy savings at the network side, two modes may need to be supported for Rel-18 capable UEs, corresponding to whether the NES mode is activated or deactivated. By default, semi-static switching between the two modes is supported in legacy design via RRC re-configuration of a new CSI reporting configuration, and additionally, dynamic switching via DCI triggering of aperiodic CSI reporting configurations is also supported. Whether dynamic indication of the NES mode via DCI or MAC CE corresponding to P/SP CSI reporting should be further discussed. 
Two CSI resource configurations, corresponding to whether the NES mode is activated or deactivated, are supported
Evaluate whether dynamic switching between two P/SP CSI reporting configurations corresponding to activated and deactivated NES modes is needed  

2.2 Antenna adaptation for NES 
In RAN1#112 [3], two types of NES spatial domain adaptation have been discussed, as follows:
· Type1. Antenna port adaptation, i.e., turning on/off a subset of the antenna ports 
· Type2. Antenna element per port adaptation, i.e., turning on/off a subset of antenna elements within an antenna port without modifying the activated antenna ports
Under Type1, it is assumed that the same set of antenna elements per antenna port are configured whether NES is in an activated or a deactivated mode, where only a subset of the antenna ports is activated when the NES mode is activated. Note that Type1 incurs specification impact corresponding to signaling the activated/deactivated subset of antenna ports corresponding to the NES mode being activated. Moreover, UE-assisted selection of antenna ports can help reduce the performance loss associated with the antenna sub-selection, where the performance loss reduction can be carried out via selecting a subset of the antenna ports with the best channel gain. In our opinion, two approaches for UE-based signaling of the selected antenna ports for NES can be supported, as follows 
· [bookmark: _Hlk127366794]Type1-A. Port-selection codebook-based antenna port indication. This approach utilizes the port-selection reporting mechanism supported in Type-II PS codebooks, e.g., Rel-17 FeType-II PS codebook to feed back indices of a subset of the antenna ports to be associated with the NES mode being activated.
· Type1-B. CRI-based antenna port indication. This approach exploits the CRI field of a CSI report to indicate an antenna port group ID from a set of pre-configured antenna port groups corresponding to the same CMR, and hence enables feeding back indices of a subset of the antenna ports to be associated with NES.    
Further discussion on the alternatives above are needed. Hence, we have the following proposal
For Type1 spatial domain adaptation, evaluate the following sub-types for determining the selected antenna ports when the NES mode is activated
· Type1-A. Antenna port group indication via port-selection parameter in Type-II PS codebook type
· Type1-B. Antenna port group indication via CRI field, where different CRI codepoints correspond to different antenna port groups of the same CMR
[bookmark: _Hlk127365242]On the other hand, Type2 has no straightforward specification impact since the antenna ports are unchanged, however, modifying the on/off state of antenna elements per antenna port based on whether NES mode is activated or deactivated may change the beam pattern and hence impact the QCL relationships between different UL/DL RSs, e.g., QCL relationship between CSI-RS resources with SSB or DMRS for PDSCH. Hence, whether antenna element adaptation within an antenna port impacts the accuracy of the QCL relationships needs to be evaluated.
For Type2 spatial domain adaptation, evaluate whether the antenna element per port adaptation impacts the accuracy of the QCL relationships between DL/UL RSs  

2.3 CSI reporting configuration for NES 
[bookmark: _Hlk134802274]In RAN1#112bis-e, it was agreed to support a framework that enables the UE to report N CSI(s) in one reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from a set of L sub-configuration(s), and where , and each CSI corresponds to one sub-configuration. In our understanding, for periodic CSI reporting, the CSI triggering is based on RRC signaling, and hence only  should be supported.
For periodic CSI reporting, support . FFS: maximum value of N  
Some companies proposed supporting  for periodic CSI reporting, where different CSI(s) are reported in different instances of the periodic CSI reporting. In our opinion, this violates the essence of periodic CSI reporting, where the same quantities are measured for the same set of antenna ports. Moreover, switching between different CSI measurements across different reporting instances corresponding to different payload and measurement complexity, leading to issues associated with variations of the UCI payload as well as variations in CPU calculation. Hence, we do not support periodic CSI reporting with . 
Periodic CSI reporting with   is not supported
In RAN1#112, two alternatives for CSI reporting configuration corresponding to NES were discussed, as follows:
· Alt1. Independent/separate CSI reporting settings where each CSI report configuration corresponds to one spatial domain adaptation pattern
· Alt2. One CSI reporting setting contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial domain adaptation pattern

Clearly, Alt1 is a straightforward solution for adopting two spatial domain adaptation patterns corresponding to the whether the NES mode is activated or deactivated, whereas Alt2 requires modifying the current CSI reporting setting to allow configuring two spatial domain adaptation patterns. In our opinion, Alt2 is preferred since most CSI reporting setting parameters would be shared between the candidate spatial domain adaptation patterns, e.g., report quantities, reporting bands and codebook configuration. Moreover, configuring a unified CSI reporting setting also facilitates supporting a solution in which the UE feeds back a single CSI report comprising CSI corresponding to a UE-selected spatial domain adaptation pattern, or a dynamically indicated spatial domain adaptation pattern from a set of higher-layer configured patterns. 
Support a single CSI reporting setting corresponding to multiple higher-layer configured spatial domain adaptation patterns  
For a single CSI reporting setting, the specification impact can be in the form of indicating multiple CSI resource settings for channel measurement, corresponding to the different spatial domain adaptation patterns. Alternatively, one CSI resource setting can be supported, where the NZP CSI-RS resource set associated with channel measurement would comprise multiple NZP CSI-RS resources associated with the multiple spatial domain adaptation patterns.
For a CSI reporting setting corresponding to multiple higher-layer configured spatial domain adaptation patterns, support one of the following alternatives
· Alt1. Multiple CSI resource settings for channel measurement corresponding to the multiple spatial domain adaptation patterns
· Alt2. A single CSI resource setting for channel measurement associated with one NZP CSI-RS resource set, where the NZP CSI-RS resource set further comprises multiple NZP CSI-RS resources for channel measurement corresponding to the multiple spatial domain adaptation patterns
[bookmark: _Hlk131263771]Finally, in case the UE reports CSI corresponding to multiple spatial domain adaptation patterns, further discussion is needed on whether the CSI hypotheses corresponding to the multiple spatial domain adaptation patterns are reported over multiple CSI reports or within the same CSI report. We would like to note that a similar discussion has taken place in Rel-17 CSI enhancements for NCJT, where it was agreed that CSI corresponding to multiple (up to three) CSI hypotheses are reported in the same CSI report, and hence one CSI report may comprise multiple, CRI, RI, PMI, CQI and LI values. Considering that, we prefer supporting a single CSI report for reporting CSI corresponding to multiple spatial adaptation patterns, similar to Rel-17 NCJT enhancements.  
A single CSI report is supported for reporting CSI corresponding to multiple spatial domain adaptation patterns  
[bookmark: _Hlk134803185]Furthermore, it was agreed in RAN1#112bis-e to further study whether/how to report common or differential values corresponding to the same CSI report quantity of different sub-configurations/adaptation patterns, e.g., corresponding to RI, PMI and CQI report quantities. In our opinion, reporting a common CSI quantity for different spatial adaptation patterns may be useful. For instance, under Type-2 spatial adaptation where two spatial patterns share the same number of ports (but a different number of antennas wired to each RF chain), the same PMI, RI may be used, however the CQI value may be slightly impacted from one spatial pattern to another. Hence, report common or differential values corresponding to the same CSI report quantity of different sub-configurations can be useful, at least for Type-2 spatial adaptation.
At least for Type-2 spatial adaptation, support reporting common or differential values corresponding to the same CSI report quantity of different spatial adaptation patterns  
Power-domain NES techniques
[bookmark: _Hlk127377629]One important technique to reduce the network energy consumption is via DL transmission power adaptation. While DL power control/adaptation is assumed in many cases to be a network-implementation feature without notable specification impact, the network still needs to signal to the UE(s) the ratio of the PDSCH EPRE to the NZP CSI-RS EPRE, i.e., powerControlOffset, a legacy RRC parameter, when deriving the CSI feedback so as to enable the UE to acquire a more precise characterization of the CQI that is signaled as part of the CSI report. In this section, we discuss different approaches of signaling the power control offset to the UE. Moreover, we discuss UE-assisted techniques that enable the network to select a proper power control offset that achieves a target tradeoff between the downlink performance and the energy consumption of the network. 
3.1 Indication of the power control offset 
As discussed, if the NES mode is activated, the network needs to signal the power control offset value(s) for deriving the CSI feedback, so that the UE can calibrate the CQI intended for PDSCH based on the NZP CSI-RS received as part of the CSI framework. In legacy design, the power control offset is semi-statically configured as part of the NZP CSI-RS resource IE, with a single value selected from a set of integer values of unit step from the range  dB, as explained in Clause 5.2.3.3.1 of [4]. Note that faster indication of the power control offset corresponding to toggling between the NES mode being activated or deactivated may be needed based on the traffic demand, scheduling restrictions and/or emission regulations. Given that, the following alternatives for power control offset indication are provided
· Alt1. Configuring two power control offset values per CSI-RS resource with selection of the active power control offset based on the NES mode activation. Under this alternative, two power control offset values are configured in the NZP CSI-RS resource configuration corresponding to whether the NES mode is activated or deactivated, where the activated power control offset is identified via a dynamic indicator parameter that activates or deactivates the NES mode
· Alt2. Dynamic indication of the power control offset, based on value(s) of the legacy RRC-configured parameter powerControlOffset, e.g., via DCI indication. For instance, the power control offset can be indicated via a codepoint corresponding to the CSI request field in PUSCH-scheduling DCI, e.g., DCI Format 0_2
· Alt3. MAC-CE based indication of the power control offset, based on value(s) of the legacy RRC-configured parameter powerControlOffset
While the three alternatives above differ in the configuration, signaling and triggering details, they all enable faster switching/update of the power control offset corresponding to the ratio of the PDSCH EPRE to the NZP CSI-RS EPRE. Further discussion of these alternatives is needed for evaluation and potential down selection. We therefore have the following proposal
For power control offset indication for Rel-18 NES-capable UEs, evaluate the following alternatives for down selection:
· Alt1. Configuring two power control offset values per CSI-RS resource, along with dynamic indication of whether the NES mode is activated or deactivated
· Alt2. Dynamic indication of the power control offset, e.g., via DCI indication
· Alt3. MAC-CE based power control offset indication

[bookmark: _Hlk127379788]3.2 UE-assisted power control offset selection 
One other aspect that needs enhancement for specification of power-based NES techniques is supporting UE-assisted power control offset reporting to help the network to select a proper power control offset that achieves a target tradeoff between the downlink performance and the energy consumption of the network. For instance, the UE can aid the network select the best power control offset that achieves a metric defined by the network, e.g., SINR, or alternatively report multiple values of the metric corresponding to pre-configured power control offset values provided by the network, e.g., different CQI values for different power control offset values. The following alternatives provide different techniques for UE-assisted power control offset selection
· [bookmark: _Hlk127379886]Alt1. The UE selects and reports a power control offset value as part of the CSI report based on a target CQI identified by the network corresponding to the NES mode being activated. Under this approach, the UE computes the lowest power control offset value that achieves a configured WB CQI target value, to help the network reduce the energy consumption conditioned on a quality-of-service constraint
· [bookmark: _Hlk127379952]Alt2. Multiple CSIs assuming multiple hypothetical power control offset values are reported. The hypothetical power control offset values may include all or a subset of power control offsets configured in the CSI-RS resource IE or candidate power control offsets in DCI or MAC CE. The UE reports multiple CSIs within one or more CSI report, where each CSI comprises a distinct CQI value corresponding to a distinct power control offset value. Alternatively, the UE can report CQI values corresponding to a differential CQI value with respect to different power control offset values, e.g., associated with the NES mode being activated or deactivated, or associated with two candidate power control offset values indicated in DCI or MAC CE.
Based on the alternatives discussed above, we have the following proposal
Evaluate the following UE-assisted power control offset selection techniques for possible down selection for Rel-18 NES-capable UEs:
· Alt1. Reporting a power control offset value based on a target WB CQI configured by the network
· [bookmark: _Hlk131763246]Alt2. Reporting two CQI values associated with two power control offset values corresponding to whether NES mode is deactivated or activated, respectively
· FFS: Whether the second CQI value is a differential CQI value with respect to the first CQI value
In general, when the UE is configured to report two CQI values associated with two power control offset values corresponding to whether NES mode is deactivated or activated, respectively, a CQI value associated with the second power control offset value (where NES mode is activated) cannot be larger than a corresponding CQI value associated with the first power control offset value (where NES mode is deactivated). Therefore for Alt2, the CSI feedback overhead corresponding to the second CQI value reported in the CSI report can be reduced when the CQI format is set to ‘subband’ via reporting one bit per subband differential CQI value, where the first of the two possible offset values is zero corresponding to no change in CQI value, and the second offset value is  corresponding to a one-level drop of the CQI value.
If the UE is configured to report two CQI values associated with two power control offset values corresponding to whether NES mode is deactivated or activated, respectively, the subband differential CQI values corresponding to the second power control offset are reported via one bit each
[bookmark: _Toc100923943]Conclusion
[bookmark: _Hlk100923477][bookmark: _Toc100924111][bookmark: _Toc100924138][bookmark: _Toc100924174]This contribution addressed spatial-domain and power-domain based NES techniques. In light of the discussion in this technical document, we have the following proposals:
1. For spatial adaptation enhancements under NES, prioritize enhancements corresponding to Type-I single-panel codebook type
1. Two CSI resource configurations, corresponding to whether the NES mode is activated or deactivated, are supported
1. Evaluate whether dynamic switching between two P/SP CSI reporting configurations corresponding to activated and deactivated NES modes is needed
1. For Type1 spatial domain adaptation, evaluate the following sub-types for determining the selected antenna ports when the NES mode is activated
· Type1-A. Antenna port group indication via port-selection parameter in Type-II PS codebook type
· Type1-B. Antenna port group indication via CRI field, where different CRI codepoints correspond to different antenna port groups of the same CMR
1. For Type2 spatial domain adaptation, evaluate whether the antenna element per port adaptation impacts the accuracy of the QCL relationships between DL/UL RSs
1. For periodic CSI reporting, support . FFS: maximum value of N
1. Periodic CSI reporting with  is not supported
1. Support a single CSI reporting setting corresponding to multiple higher-layer configured spatial domain adaptation patterns
1. For a CSI reporting setting corresponding to multiple higher-layer configured spatial domain adaptation patterns, support one of the following alternatives
· Alt1. Multiple CSI resource settings for channel measurement corresponding to the multiple spatial domain adaptation patterns
· Alt2. A single CSI resource setting for channel measurement associated with one NZP CSI-RS resource set, where the NZP CSI-RS resource set further comprises multiple NZP CSI-RS resources for channel measurement corresponding to the multiple spatial domain adaptation patterns
1. A single CSI report is supported for reporting CSI corresponding to multiple spatial domain adaptation patterns
1. At least for Type-2 spatial adaptation, support reporting common or differential values corresponding to the same CSI report quantity of different spatial adaptation patterns
1. For power control offset indication for Rel-18 NES-capable UEs, evaluate the following alternatives for down selection:
· Alt1. Configuring two power control offset values per CSI-RS resource, along with dynamic indication of whether the NES mode is activated or deactivated
· Alt2. Dynamic indication of the power control offset, e.g., via DCI indication
· Alt3. MAC-CE based power control offset indication
1. Evaluate the following UE-assisted power control offset selection techniques for possible down selection for Rel-18 NES-capable UEs:
· Alt1. Reporting a power control offset value based on a target WB CQI configured by the network
· Alt2. Reporting two CQI values associated with two power control offset values corresponding to whether NES mode is deactivated or activated, respectively
· FFS: Whether the second CQI value is a differential CQI value with respect to the first CQI value
1. If the UE is configured to report two CQI values associated with two power control offset values corresponding to whether NES mode is deactivated or activated, respectively, the subband differential CQI values corresponding to the second power control offset are reported via one bit each
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