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Introduction
The following agreements have been made in RAN1#112bis-e [1]:
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
· [bookmark: _Hlk134533418]Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled

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

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

In this contribution, we provide our views on techniques for efficient adaptation in spatial and power domains.
Discussion
[bookmark: _Hlk110517586]For efficient adaptation of spatial elements in spatial domain network energy saving, hypotheses of antenna ‘ON/OFF’ may be configured for a group of UEs to determine the antenna configuration for network energy saving. The different set of ports such as 64/32/8/4 and their associated CSI-RS configurations may be determined from the results of these hypothesis. Spatial domain adaptations may support a number of spatial adaptation patterns, e.g. {2, 4, 8, 16} according to the configuration of antenna ports. Once the number of antenna ports are determined, the UE may report a reduced number of sub-configurations. For example, 32 antenna ports may correspond to N CSI-RS patterns.  When a set of 16 of the antenna ports is used, a first N1 CSI-RS pattern can be used. When a first set of 8 of the antenna ports are used, a second N2 CSI-RS pattern can be used. When a second set of 8 of the antenna ports are used, e.g. where part/subset of antenna elements associated to a logical antenna port, a third N3 CSI-RS pattern can be used.  Therefore, different CSI-RS patterns are defined for each respective set of antenna ports. 
The UE may select which CSI(s) are reported based on network configuration. For UE to report a selected spatial adaptation pattern, an indicator may be used to indicate the reported spatial adaptation pattern in the CSI measurement report.
Proposal 1: Support that subset of CSI-RS patterns was defined based on the number of antenna ports. 
Each spatial adaptation pattern should be associated with a combination of NZP CSI-RS measurement resources and interference measurement CSI-IM/NZP CSI-RS resources. The CSI report configuration comprises of a number of spatial adaptation patterns, with channel measurement resource and interference measurement resource ordered in one to one mapping for each spatial adaptation pattern.
Proposal 2: Support channel measurement resource and interference measurement resource ordered in one to one mapping for each spatial adaptation pattern in a joint CSI report. 
UE may be informed of the spatial adaptation pattern update and power change via a group-common DCI. Co-ordination and joint selection of overall best spatial adaptation pattern for all UEs may be supported via multiple CSI(s) in a joint CSI report. Multiple PDSCH/CSI-RS transmission power setting may be jointly indicated with spatial element adaptation. When the power control offset/spatial adaptation pattern is included in a DL grant, UE receives PDSCH transmission based on the given power control offset/spatial adaptation pattern whenever it enters into NES mode (until a new update is received), UE continues to apply regular power control offset/spatial adaptation pattern during normal transmission (without NES).
Proposal 3: Support that spatial adaptation pattern and transmission power setting may be updated jointly via a group-common DCI. 
To reduce UE complexity and overhead, if there are m multiple CSI(s) to be reported in a CSI measurement report, differential values may be used across same CSI quantity of different sub-configurations/adaptation patterns. For example, an absolute 4-bit values are reported only for the first CSI, with 2-bit differential CQI values used for the remaining m-1 CSIs. Note that currently differential CQI values are only used for sub-band CQIs with regard to wideband CQI in a CQI report.
[bookmark: _Hlk134614677]Proposal 4: Support that absolute 4-bit values are reported only for the first CSI, and 2-bit differential CQI values are used for the remaining CSIs. 
CSI-RS is a flexible multi-purpose signal and is widely used by e.g. beam management. During the energy saving mode, beam refinement may not be supported. The reduced density can be part of a network energy saving configuration, which would be applied autonomously each time when gNB enters into the network energy saving mode until the configuration is updated. Supported density setting is currently {0.5, 1, 3, spare} as in NZP-CSI-RS-Resource. When the network energy saving configuration is enabled, a reduced CSI-RS density may be applicable, such that 31 or 10.5. Assumption here is that the transmitting RE power is fixed, and the overall transmit power will be reduced due to reduced number of transmitting REs. 
Proposal 5: Reduced CSI-RS density for network energy saving should be considered.
[bookmark: _Hlk110516892]The network energy saving activation/deactivation may be, for example, determined based on semi-static signaling. Specifically, different combinations may be used to activate/deactivate different configuration types at the UE. It is also possible that two or more different configurations (e.g., time, spatial, power) may be activated simultaneously. Activation/deactivation may be triggered after expiry of a timer representing a delay between the configuration of network energy saving mode and the start timing for activation/deactivation of the network energy saving configuration.
The network energy saving configuration may also be supported for a predetermined duration or time of day. No explicit signaling for deactivation is then needed. Suitable for scenarios where there is known/recurring user traffic only for a certain period.
[bookmark: _Hlk110517599]Proposal 6: Consider the activation of different network energy saving techniques (e.g., time, spatial, power) via semi-static network energy saving configuration. 
To support efficient adaption of power and spatial elements for network energy saving, signaling may need to be provided via MAC CE or DCI. In this case, related indication may be frequent, at least compared to the legacy RRC signaling. Although for DCI-based indication, the indicated value may be applied in one-time manner, we still prefer the value can be valid till next indication. 
At least for power domain network energy saving, two indication methods can be considered, one is absolute value indication, and the other is accumulative value indication. Absolute value means that the indicated value is with respect to a reference or configured value. Accumulative value means that the indicated value is with respect to the latest applied value. Both indication methods can be supported, and the applied method can be further configured.
Proposal 7: Support both accumulative value indication and absolute value indication for efficient adaption of power and spatial elements for network energy saving.
To assist data transmission in NES mode, additional hypothetical CSI/beam report is needed, it is hypothetical because it is based on the assumption that indicated power offset adaptation or spatial elements adaptation would be applied in NES mode. For power domain network energy saving, in addition to indicated power offset and hypothetical CSI/beam report, UE could also report its tolerance of potential PDSCH power reduction. For example, in a CSI/beam report, UE could indicate a hypothetical RSRP or hypothetical CQI which is only achievable when the PDSCH power reduction fulfills the reported tolerance.
Proposal 8: Support UE to report its tolerance of potential PDSCH power reduction.
For power domain network energy saving, PDSCH may be transmitted with power reduction but PDCCH and CSI-RS may still be transmitted with the configured power. It may cause inaccuracy when UE assesses the link quality via BFD-RS. For example, UE may overestimate the channel condition for data transmission if still assuming 0 dB offset between PDCCH EPRE to NZP CSI-RS EPRE. Having a scaled BFD threshold may be helpful. Alternatively, assuming hypothetical X dB offset between PDCCH and BFD-RS for hypothetical PDCCH BLER estimation may have the same effect.
On the other hand, for candidate beam identification, some candidate beams may be skipped even they can work in NES mode since the PDSCH would be transmitted with a reduce power anyway. Having a scaled candidate beam threshold may be helpful to identify these beams and accelerate BFR procedure.
Proposal 9: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving.
For spatial domain network energy saving, applied spatial elements of a CSI-RS resource may be adaptive. It may cause issues if the CSI-RS resource is used as a reference signal for other purposes, including the cases when CSI-RS resource is configured as the reference RS in TCI state, QCL info, spatial relation, and pathloss reference signal. The change of spatial elements may cause large scale properties measured and stored by the UE based on “old” CSI-RS out-of-date or at least not that accurate. UE may need longer time to measure “new” CSI-RS after the change of spatial elements, which may have impacts on the application timing of the indicated TCI state, QCL info, spatial relation and pathloss reference signal. Furthermore, it may have impacts on the path loss estimation based on higher layer filtered RSRP.
Proposal 10: Study the impact of spatial elements adaption if the CSI-RS resource is configured as reference RS in TCI state, QCL info, spatial relation, and pathloss reference signal.

Conclusion
In this contribution, we discussed the potential techniques for network energy saving, the following proposals are made:
Proposal 1: Support that subset of CSI-RS patterns was defined based on the number of antenna ports. 
Proposal 2: Support channel measurement resource and interference measurement resource ordered in one to one mapping for each spatial adaptation pattern in a joint CSI report. 
Proposal 3: Support that spatial adaptation pattern and transmission power setting may be updated jointly via a group-common DCI. 
Proposal 4: Support that absolute 4-bit values are reported only for the first CSI, and 2-bit differential CQI values are used for the remaining CSIs. 
Proposal 5: Reduced CSI-RS density for frequency domain network energy saving should be considered.
Proposal 6: Support that absolute 4-bit values are reported only for the first CSI, and 2-bit differential CQI values are used for the remaining CSIs. 
Proposal 7: Support both accumulative value indication and absolute value indication for efficient adaption of power and spatial elements for network energy saving.
Proposal 8: Support UE to report its tolerance of potential PDSCH power reduction.
Proposal 9: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving.
Proposal 10: Study the impact of spatial elements adaption if the CSI-RS resource is configured as reference RS in TCI state, QCL info, spatial relation, and pathloss reference signal.
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