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Introduction
The Rel-18 Network energy saving WID [1] was proved in RAN #98-e,  where the objective for spatial and power domain enhancements are as follows: 
2. 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
In RAN1 #112 meeting, several study points on spatial and power domain enhancements to support network energy saving was made, including resource configurations, report configurations, multi-CSI report, etc. In this contribution, we provide our considerations correspondingly.
Resource configuration enhancement 
In RAN1 #112 meeting [2], the agreements regarding resource configuration enhancements are listed:
	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 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



Starting from spatial adaptation pattern definition, it should be defined by a set of parameters that can represent the result of corresponding adaptation. Therefore, it is understood that for Type 1 and Type 2, the definition would be different. For Type 1, the adaptation would result in logical antenna port reduction, for Type 2, the adaptation may result in beam pattern change and/or transmission power change per port. Therefore, it is proposed that the spatial adaptation is defined either by nrofPorts of a CSI-RS resource, or by the TCI-State and/or powerControlOffsetSS of a CSI-RS resource. 
Proposal 1: A spatial adaptation pattern can be determined by one of the following CSI-RS resource parameters nrofPorts, TCI-State and/or powerControlOffsetSS.

For Type 1 spatial adaptation, gNB could obtain adapted CSI by transmitting the same CSI-RS resources as usual but indicate UE to report on a subset of antenna ports. Currently the nrofPort is configured in resourceMapping per CSI-RS resource. It is straightforward to consider an enhancement to configure one CSI-RS resource associated with multiple nrofPort values, where which value is used for CSI report can be further indicated. However, currently there is a limitation in current spec that same nrofPort will be configured for all CSI-RS resources within one set. This will lead to a configuration overhead where all resources with be configured with the same set of nrofPort values.
Another possible enhancement is the additional nrofPort values are configured per resource set level, where the individual CSI-RS resource is still with a single nrofPorts as usual which is the transmitted number of ports.
Proposal 2: For resource configuration, consider the following options to configure the spatial adaptation pattern due to reduction of logical antenna ports:
Opt 1: one CSI-RS resource associated with multiple nrofPorts, same across all CSI-RS resources in a resource set.
Opt 2: one CSI-RS resource set with multiple nrofPort values, where each CSI-RS resource within the set is associated with a single nrofPort value, the additional nrofPort values are configured per resource set level.
where which value is to be used for CSI report can be further indicated.

For Type 2 spatial adaptation or power adaptation, the following three options could be considered: 
Opt 1: one CSI-RS resource associated with multiple TCI-stats/powerControlOffsetSS/powerControlOffset values
Although it is unlikely that same CSI-RS resource can be used before and after the adaptation due to the change of beams or transmission power, to achieve a unified design, this option could also be supported, as long as these values are not simultaneously activated/triggered.
Opt 2: one CSI-RS resource set with multiple TCI-stats/powerControlOffsetSS/powerControlOffset values, where each CSI-RS resource within the set is associated with one TCI-state/powerControlOffset/powerControlOffset
This can be already supported by current spec, if this option is supported for spatial adaptation, it will be further needed to enhance on the activation/triggering of different CSI-RS resources according to the spatial adaptation. 
Opt 3: one CSI-RS resource set with one TCI-state/powerControlOffsetSS/powerControlOffset value, multiple CSI-RS resource sets are used for adaptation.
Proposal 3: For resource configuration, also consider the following options to configure the spatial adaptation pattern due to change of spatial element mapping or transmission power:
· Opt 1: one CSI-RS resource associated with multiple TCI-state/powerControlOffsetSS/ powerControlOffset values
· Opt 2: one CSI-RS resource associated with one TCI-state/powerControlOffsetSS /powerControlOffset, and the multiple CSI-RS resources are within one CSI-RS resource set
· Opt 3: one CSI-RS resource associated with one TCI-state/powerControlOffsetSS /powerControlOffset, and the multiple CSI-RS resources are in multiple resource sets
Report configuration enhancements
In RAN1 #112 meeting[2], the agreements regarding report configuration enhancements are listed:
	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



From our perspective, whether using separate CSI configuration or a single report configuration with multiple sub-configurations, depends on the clarification on UE CSI/CSI-RS capability and CPU counting.
According to the current CSI processing criteria described in TS38.214, the counting for a CPU occupation is based on per CSI-ReportConfig and mainly depending on how many CSI-RS resources a UE needs measure and calculates corresponding CSI (, where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.). 
For A2-1), each spatial adaptation pattern corresponds to one CSI-ReportConfig, this can be supported by current spec. The CPU counting could be maintained as in the spec now, as long as the UE is not required to monitor more CSI processes than currently required. 
For A2-2), configuring multiple sub-configurations within a CSI report configuration will impact the way we count CPU occupation. It is more reasonable to count CPU occupations per sub-configuration to achieve a fair requirement for UE. 
Proposal 4: For reporting configuration, whether using separate CSI configuration or a single report configuration with multiple sub-configurations, depends on the clarification on UE CSI/CSI-RS capability and CPU counting, that is, the number of supported CPUs for CSI measurement and counting remains the same as current UE capability and 
· If independent/separate CSI report configurations are supported, CPU occupation is based on per configuration as current.
· If a single report configuration with multiple sub-configurations is supported, the CPU occupation should be based on per sub-configuration.
Other than the above fundamental differentiations, the rest parts are more configuration design optimizations. 
For A2-1), although it can be supported by current spec, some configuration overhead reduction schemes could be considered to save UE memory so that UE do not need to store almost the same resource configurations associated with the independent CSI report configurations. It could also be considered to group these ReportConfigs together and some reporting configuration parameters could also be reduced. 
For A2-2), only the different part of each report needs to be configured in the sub-configuration, e.g., codebookConfig, associated CSI-RS resource/resource set. Other than that, all the other common parameters could be configured in the single report Config, 
Proposal 5: If independent/separate CSI report configurations are supported, consider enhancement on multiple report grouping with resource and reporting parameter redundancy reduction.
Proposal 6: If a single report configuration with multiple sub-configurations is supported, consider at least codebookConfig and associated CSI-RS resource/resource set in the sub-config. 
Multi-CSI support
In RAN1 #112 meeting[2], the agreements regarding multi-CSI is as follows:
	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.



Before we could agree on the multi-CSI in one CSI reporting instance, we take a look at the evaluation results regarding spatial adaptation in the TR[3] first. 
For spatial adaptation, the evaluation results are mainly categorized into the following three cases and the corresponding gains are summarized: 
Case 1: Semi-static adaptation without multi-CSI:  4.8%~48.2% NES gain with UPT loss of 0.02%~87.08% (9 sources)
Case 2: Dynamic adaption without multi-CSI: 6.7%~26.5% NES gain with UPT loss of 0.3%~18.5% (2 sources)
Case 3: Dynamic adaption with multi-CSI: 6.8%~31.3% NES gain with UPT loss of 0.02%~7% (3 sources)
For power adaptation, the evaluation results are mainly categorized into the following three cases and the corresponding gains are summarized:
Case 1: Semi-static PDSCH power reduction of 3~18dB: 2.3%~51.5% NES gain with UPT loss of 2.03%~19.49% (8 sources)
Case 2: Dynamic PDSCH power reduction with multi-CSI: 12.1%~23.8% NES gain over no adaptation with UPT loss of less than 1.17% (1 source) and 5.3%~11.5%, compared to dynamic power reduction without multi-CSI report (1 source)
It can be observed that Semi-static and dynamic adaptation can already achieve markable NES gain. It is reasonable to start with supporting a basic NES working mode.
On top of the resource configuration and report configurations discussed in section 2 and 3, the more important is how to indicate which spatial adaptation pattern/power offset value is to be used for reporting. With the multiple values configured in the resource configuration, NW could further activate or trigger one of these values for UE to report. More specifically,
Define a default configuration/sub-configuration, when there are no other active configurations indicated NW, UE will report based on the default configuration/sub-configuration.
MAC CE/DCI indicates one or multiple configurations/sub-configurations for report, the following options can be further considered: 
Opt 1: MAC CE/DCI indicates only one report sub-configuration for reporting is allowed, the previous report is automatically deactivated by the newly indicated report.
Opt 2: MAC CE/DCI could also indicate multiple consecutive CSI results, UE will report them in consecutive reporting instances.
Moreover, there should be enough transition time between the indication/last report and the updated UE report, where the exact value could follow the current MAC CE activation/DCI triggering of AP CSI-RS and CSI reporting. 
Proposal 7: For multiple CSI, support NW activation/triggering a single CSI report for one report instance under the multiple spatial adaptation pattern assumptions or power adaptation values.

Conclusion
In this contribution, we discussed our considerations on spatial and power domain enhancement to support network energy saving, the following proposals are made:
Proposal 1: A spatial adaptation pattern can be determined by one of the following CSI-RS resource parameters nrofPorts, TCI-State and/or powerControlOffsetSS.
Proposal 2: For resource configuration, consider the following options to configure the spatial adaptation pattern due to reduction of logical antenna ports:
Opt 1: one CSI-RS resource associated with multiple nrofPorts, same across all CSI-RS resources in a resource set.
Opt 2: one CSI-RS resource set with multiple nrofPort values, where each CSI-RS resource within the set is associated with a single nrofPort value, the additional nrofPort values are configured per resource set level.
where which value is to be used for CSI report can be further indicated.
Proposal 3: For resource configuration, also consider the following options to configure the spatial adaptation pattern due to change of spatial element mapping or transmission power:
· Opt 1: one CSI-RS resource associated with multiple TCI-stats/powerControlOffsetSS/ powerControlOffset values
· Opt 2: one CSI-RS resource associated with one TCI-state/powerControlOffsetSS/ powerControlOffset, and the multiple CSI-RS resources are within one CSI-RS resource set
· Opt 3: one CSI-RS resource associated with one TCI-state/powerControlOffsetSS/ powerControlOffset, and the multiple CSI-RS resources are in multiple resource sets
Proposal 4: For reporting configuration, whether using separate CSI configuration or a single report configuration with multiple sub-configurations, depends on the clarification on UE CSI/CSI-RS capability and CPU counting, that is, the number of supported CPUs for CSI measurement and counting remains the same as current UE capability and 
· If independent/separate CSI report configurations are supported, CPU occupation is based on per configuration as current.
· If a single report configuration with multiple sub-configurations is supported, the CPU occupation should be based on per sub-configuration.
Proposal 5: If independent/separate CSI report configurations are supported, consider enhancement on multiple report grouping with resource and reporting parameter redundancy reduction.
Proposal 6: If a single report configuration with multiple sub-configurations is supported, consider at least codebookConfig and associated CSI-RS resource/resource set in the sub-config. 
Proposal 7: For multiple CSI, support NW activation/triggering a single CSI report for one report instance under the multiple spatial adaptation pattern assumptions or power adaptation values.
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