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Introduction 
[bookmark: _Ref79075308]In RAN1#112 meeting, the following agreements are achieved [1][2]:

	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.



In this contribution, the following aspects will be discussed for potential decisions:
· (Section 2) CSI Enhancements for spatial and power domain adaptations
· (Section 3) Impacts and solutions for spatial and power domain adaptations for NES


CSI Enhancements for Spatial and Power Domain Adaptations 
In this subsection, we will explain how channel state information (CSI) can be provided on candidate configurations with different active antenna number for gNB adaptation to achieve energy saving. We will cover both types of antenna disabling schemes: Type-1 and Type-2.

Type-1 disabling is a scheme where some CSI-RS ports are turned off completely, while the remaining ports keep the same transmission power. This scheme can reduce the power consumption of the gNB by using less active antennas. The UE needs to report the CSI for different on-off combinations of CSI-RS ports that correspond to gNB energy saving candidate configurations. The power offset between CSI-RS and PDSCH or between CSI-RS and SSS is not expected to be changed.

Type-2 disabling is a scheme where some antenna elements within a CSI-RS port are turned off partially, while the total number of active CSI-RS ports remains the same. This scheme can also reduce the power consumption of the gNB by using less active antenna elements. The UE needs to report the CSI for different levels of partial off within a CSI-RS port that correspond to gNB energy saving candidate configurations. Since it is observed that similar PMI and RI can be produced for the partial-off setting [3], Type-2 disabling can be approximated as a setting with different power offset between CSI-RS and PDSCH or between CSI-RS and SSS. The granularity of the power offset can be made finer in order to minimize such approximation error.

[bookmark: _Ref131802061]Observation 1: For ‘Type-2 disabling’, partial-off of active antenna elements in a CSI-RS port likely leads to the same PMI and RI but different CQI value. Effectively, it can be approximated as a different PDSCH power offset.  In order to minimize the approximation error, the granularity of the power offset can be made finer.

To support Type-1 disabling while reusing existing CSI framework as much possible, we suggest that the UE evaluates and reports multiple values of 'nrofPorts' based on a given NZP-CSI-RS-resource configuration. For example, if the NZP-CSI-RS-resource configuration has four ports, the UE can report the CSI for nrofPorts = 4, 3, 2, and 1, corresponding to different on-off combinations of CSI-RS ports.

To support Type-2 disabling while reusing existing CSI framework as much possible, we suggest that the UE evaluates and reports multiple values of 'powerControlOffset' or 'powerControlOffsetSS' based on a given NZP-CSI-RS-resource configuration. For example, if the NZP-CSI-RS-resource configuration has four ports with partial off within each port, the UE can report the CSI for different values of powerControlOffset or powerControlOffsetSS that reflect the reduced transmission power due to less active antenna elements. It is noticed that selection of 'powerControlOffsetSS' or 'powerControlOffset' can depend on whether or not CSI-RS power is adjusted per spatial and power domain adaptation.

By the above, we can define a 'spatial adaptation pattern' as an augmented configuration based on an NZP-CSI-RS resource configuration that include a target value of 'nrofPorts' and a list of candidate values of 'powerControlOffset' or 'powerControlOffsetSS'. CSI processing for a 'spatial adaptation pattern' can produce a common PMI and RI but different CQI values corresponding to different candidate power offset values. By including multiple spatial adaptation configurations in CSI report(s), gNB can collect sufficient information for ‘Type-1 disabling’ and/or ‘Type-2 disabling’ so as to achieve the best adaptation for network energy saving. 

In response of previous agreements, the following observation and proposals are provided:

[bookmark: _Ref131802078]Proposal 1: A 'spatial adaptation pattern' is an augmented configuration based on an NZP-CSI-RS resource configuration that include the associated NZP-CSI-RS-ResourceId, a target value of 'nrofPorts' and a list of candidate values of 'powerControlOffset' or 'powerControlOffsetSS'.
· Selection of 'powerControlOffsetSS' or 'powerControlOffset' can depend on whether or not the power of CSI-RS is to be adjusted per spatial and power domain adaptation.
· Note: There can be multiple spatial adaptation patterns associated to an an NZP-CSI-RS resource configuration, each of which contains different target value of 'nrofPorts' and potentially different candidate value(s) of 'powerControlOffset' or 'powerControlOffsetSS'.

[bookmark: _Ref131802112]Proposal 2: One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· Note: Legacy CSI report configuration can already be associated to multiple NZP-CSI-RS resource configurations

To minimize the CSI report overhead for a spatial adaptation pattern, the corresponding UCI can contain common PMI and RI values but different CQI values corresponding to different candidate power offset values. However, the current UCI format does not support this type of CSI report, as it only allows one CQI value per PMI and RI combination. Therefore, an extension on UCI format is needed to enable the transmission of multiple CQI values for a spatial adaptation pattern. Another issue related to the CSI report for a spatial adaptation pattern is the additional calculation complexity for multiple CQI values corresponding to the multiple candidate power offset values, which will increase the CSI processing unit (CPU) occupation and delay. How to quantify the overhead should be further investigated.

[bookmark: _Ref131802141]Proposal 3: The CSI report for a spatial adaptation pattern contains common PMI and RI values but different CQI values corresponding to different candidate power offset values.
· FFS: Extension on UCI format
· FFS: How to specify CPU occupation for generating the CSI report for a spatial adaptation pattern

It is noticed that power domain adaptation for NES can also be evaluated along the CSI report for a spatial adaptation pattern with multiple candidate values of 'powerControlOffset' or 'powerControlOffsetSS'. This enhancement enables the gNB to further optimize the power allocation of the NZP-CSI-RS resource based on the UE feedback. The UE can report the CSI for each candidate value of 'powerControlOffset' or 'powerControlOffsetSS' in the spatial adaptation pattern, and the gNB can select the most energy-efficient value that meets the quality of service requirements. 

With the above observation, a unified CSI enhancement can be targeted for network energy saving adaptations in spatial and power domains. This enhancement simplifies the design and implementation of the CSI framework for NES by using a common mechanism for both spatial and power domain adaptations. The gNB can also apply a unified algorithm to jointly select the best spatial and power domain configuration for NES.

[bookmark: _Ref131802172]Observation 2: Power domain adaptation for NES can also be evaluated along the CSI report for a spatial adaptation pattern with multiple candidate values of 'powerControlOffset' or 'powerControlOffsetSS'.

[bookmark: _Ref131802185]Proposal 4: Aim for a unified CSI enhancement for NES adaptations in spatial and power domains.


Spatial and Power Domain Adaptations for NES
After gNB receives UE CSI feedbacks for NES, gNB can further decide the spatial and power domain configuration for achieving energy saving. For example, gNB can disable or enable one or multiple CSI-RS ports (Type-1 adaptation) or physical antenna elements of a CSI-RS port (Type-2 adaptation) to reduce the transmit power consumption. However, these adaptations may also affect the UE channel estimation and beam management procedures, which need to be considered. 

Type-1 disabling/enabling one or multiple CSI-RS port(s) may cause degradation to CSI report performance if UE originally performs channel averaging for improved CSI accuracy. This is because channel averaging assumes that the channel is constant over multiple CSI-RS time occasions, which may not be valid after Type-1 adaptation. Therefore, gNB need to inform UE about the change of CSI-RS port configuration, which may somehow induce significant signaling overhead since all UEs in the cell needed to be informed.

Type-2 disabling/enabling of physical antenna element(s) in a CSI-RS port can also change the beam pattern and power level, which may require reset of beam management procedure. This is because Type-2 adaptation may alter the beam quality that UE has previously selected based on the reference signal measurements. Therefore, gNB may need to trigger a new beam sweeping and selection process after Type-2 adaptation, which may also induce significant signaling overhead since all UEs in the cell needed to be informed.

[bookmark: _Ref131802199]Proposal 5: Specify cell-wise indication of spatial and power domain adaptation for NES, including 
· Indication of change in maximum number of ports utilized for CSI (Type-1 disabling/enabling) 
· Indication of change in PDSCH and/or CSI-RS power offsets (Type-2 disabling/enabling)
· Indication of (partial) reset to CSI and beam management procedures

[bookmark: _Ref131802218]Proposal 6: For cell-wise indication, utilize SIB for broadcasting the candidate settings of spatial and power domain adaptation for NES and some bit(s) in paging indications for activating one candidate setting for the NES adaptation.

Either Type-1 or Type-2 disabling/enabling can cause change in the received power level by UE, and UE may require additional settle time for AGC, which then induces data interruption. This is because AGC is a feedback loop that adjusts the receiver gain based on the input signal power, which may take some time to converge after a sudden change of power level.

To confine the impact due to UE handling of the above changes, RAN1 to discuss a proper data interruption time or application delay for spatial and power domain adaptations for NES. Alternative solution is to restrict the range of change in number of CSI-RS ports and PDSCH (and CSI-RS) power offset(s), w.r.t. the setting before NES adaptation. 

[bookmark: _Ref131802235]Proposal 7: RAN1 to further discuss and decision which of the following restrictions is adopted for spatial and power domain NES adaptation:
· Alt 1: A data interruption time is introduced 
· FFS: Interruption time duration(s), which may depend on UE capability report
· Alt 2: Restriction in the range of change of number of CSI-RS ports and PDSCH (and CSI-RS) power offset(s), w.r.t. the setting before NES adaptation
  

Summary
In this contribution the following observations and proposals are provided:

Observation 1: For ‘Type-2 disabling’, partial-off of active antenna elements in a CSI-RS port likely leads to the same PMI and RI but different CQI value. Effectively, it can be approximated as a different PDSCH power offset.  In order to minimize the approximation error, the granularity of the power offset can be made finer.

Proposal 1: A 'spatial adaptation pattern' is an augmented configuration based on an NZP-CSI-RS resource configuration that include the associated NZP-CSI-RS-ResourceId, a target value of 'nrofPorts' and a list of candidate values of 'powerControlOffset' or 'powerControlOffsetSS'.
· Selection of 'powerControlOffsetSS' or 'powerControlOffset' can depend on whether or not the power of CSI-RS is to be adjusted per spatial and power domain adaptation.
· Note: There can be multiple spatial adaptation patterns associated to an an NZP-CSI-RS resource configuration, each of which contains different target value of 'nrofPorts' and potentially different candidate value(s) of 'powerControlOffset' or 'powerControlOffsetSS'.

Proposal 2: One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· Note: Legacy CSI report configuration can already be associated to multiple NZP-CSI-RS resource configurations

Proposal 3: The CSI report for a spatial adaptation pattern contains common PMI and RI values but different CQI values corresponding to different candidate power offset values.
· FFS: Extension on UCI format
· FFS: How to specify CPU occupation for generating the CSI report for a spatial adaptation pattern

Observation 2: Power domain adaptation for NES can also be evaluated along the CSI report for a spatial adaptation pattern with multiple candidate values of 'powerControlOffset' or 'powerControlOffsetSS'.

Proposal 4: Aim for a unified CSI enhancement for NES adaptations in spatial and power domains.

Proposal 5: Specify cell-wise indication of spatial and power domain adaptation for NES, including
· Indication of change in maximum number of ports utilized for CSI (Type-1 disabling/enabling) 
· Indication of change in PDSCH and/or CSI-RS power offsets (Type-2 disabling/enabling)
· Indication of (partial) reset to CSI and beam management procedures

Proposal 6: For cell-wise indication, utilize SIB for broadcasting the candidate settings of spatial and power domain adaptation for NES and some bit(s) in paging indications for activating one candidate setting for the NES adaptation.

Proposal 7: RAN1 to further discuss and decision which of the following restrictions is adopted for spatial and power domain NES adaptation:
· Alt 1: A data interruption time is introduced 
· FFS: Interruption time duration(s), which may depend on UE capability report
· Alt 2: Restriction in the range of change of number of CSI-RS ports and PDSCH (and CSI-RS) power offset(s), w.r.t. the setting before NES adaptation
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