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

	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 (modified as shown in April 19th GTW session)
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.
· FFS: Whether one or more than one resource can be configured in the resource set

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 (further modified as shown in red on April 21st GTW session, in blue on April 26th GTW session)
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 objected by 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 spatial 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

Decision: As per email decision posted on April 26th,
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.




Based on the above agreements and considering the goal to enhance 5G network efficiency with minimum design changes and optimizations, we will further factor the following discussions into 
· Section 2: Spatial adaptation pattern configuration
· Section 3: CSI report enhancement for spatial and power domain adaptation
· Section 4: Indication of spatial and power domain adaptation

It is noticed that, in this contribution, Type 2 spatial domain adaptation is intentionally merged with power domain adaptation in order to achieve a unified NES adaptation framework so as to minimizing the required UE changes. Without explicitly stated, those designs for Type 2 spatial domain adaptation is assumed to be applicable to power domain adaptation hereinafter. 


Spatial Adaptation Pattern Configuration
Spatial domain adaptation plays a crucial role in enhancing network energy efficiency. For Rel-18, there are two types of spatial domain adaptations:

Type 1 adaptation: In this type, all antenna elements associated with a logical antenna port are either disabled or enabled, based on the specific network configuration or energy-saving requirements. When all elements are enabled, the network provides full radio coverage, while disabling antenna elements reduces energy consumption. This adaptation can be particularly beneficial when demand is low, and the network can afford to disable some of its transmission ports to preserve energy. If the spatial domain adaptation also reduces the number of ports for CSI-RS, UE is not able to report the RI and PMI for the candidate setting with more CSI-RS ports required for the evaluation. 

Type 2 adaptation: Unlike Type 1, Type 2 involves disabling or enabling part or subset of antenna elements associated with a logical CSI-RS port. This approach provides finer granularity in controlling spatial domain adaptation, allowing a more tailored trade-off between energy efficiency and radio performance. Type 2 adaptation can help maintain user experience and network performance while optimizing energy consumption based on network conditions and user demand. One major difference with Type 2 adaptation is that both BS and UE deal with a constant number of CSI-RS ports, thus eliminating the varying CSI evaluation limitation along the NES adaptation.  

[bookmark: _Ref135066298]Observation 1: For Type 1 spatial domain adaptation, if the spatial domain adaptation also reduces the number of ports for CSI-RS, UE is not able to report the RI and PMI for the candidate setting with more CSI-RS ports required for the evaluation. One major difference with Type 2 adaptation is that both BS and UE deal with a constant number of CSI-RS ports, thus eliminating the varying CSI evaluation limitation along the NES adaptation.

To improve spatial element adaptation, it is essential to associate CSI-RS resources, resource sets, and resource settings with spatial adaptation patterns efficiently. This can be achieved by introducing flexible configuration schemes that enable each CSI-RS resource, resource set, or resource setting to be associated with one or multiple spatial adaptation patterns. This flexibility in configuration improves the network's ability to adapt to various spatial domain scenarios, enhancing energy efficiency and user experience.

An essential step toward improving CSI-RS Configuration for spatial domain adaptation is defining spatial adaptation patterns and the associated augmented configurations. A spatial adaptation pattern could be defined based on an NZP-CSI-RS resource configuration that includes the associated NZP-CSI-RS-ResourceId, a target value of 'nrofPorts', explicit subset selection of CSI-RS ports, a specified codebook, and a list of candidate values of 'powerControlOffset' or 'powerControlOffsetSS'.

For Type 2 adaptation, which involves selective disabling/enabling of antenna elements, UE CSI evaluation can approximate this behavior as adjusting the power offset value of a given CSI-RS resource configuration. However, this approximation assumes that using the same RI and PMI for Type 2 adaptation is feasible, with limited degradation in network performance [3][4].

[bookmark: _Ref135056567][bookmark: _Ref135066320]Proposal 1: A 'spatial adaptation pattern' is an augmented configuration based on an NZP-CSI-RS resource configuration that includes 
1. The associated NZP-CSI-RS-ResourceId, 
2. A target value of 'nrofPorts' and explicit subset selection of CSI-RS ports
3. A specified codebook
4.  Candidate power offset value 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: For a given associated CSI-RS resource configuration, Type 1 adaptation is related to changing to a spatial adaptation pattern of different realizations in item 2 and item 3, and Type 2 is related to changing to another patten of different value in item 4.

NZP CSI-RS resource configurability plays a critical role in supporting multiple spatial adaptation patterns. To achieve this, the network may utilize revised configurations, such as A1-1-revised and A1-2-revised, allowing multiple resources in a resource set. For example, with A1-2-revised configuration, a single CSI-RS resource configuration can be associated with different spatial adaptation patterns characterized by different 'nrofPorts' based on distinct subset selections of CSI-RS ports.

With the spatial adaptation pattern as defined in Proposal 1, indication of the spatial adaptation patterns can be utilized to provide the restriction information for the UE CSI evaluation, which implies a sub-configuration of CSI report can simply refer to the setting of a spatial adaptation pattern. Additionally, indication of an active spatial adaptation pattern can also provide the restriction information in an efficient manner. We will discuss this aspect more in Section 4 of “Indication of spatial and power domain adaptation”.

[bookmark: _Ref135066361]Proposal 2: The configuration of spatial adaptation patterns can be utilized for CSI report as well as indication of spatial and power domain adaptation for efficient provision of restriction information for UE CSI measurement and evaluation.


CSI Report Enhancement for Spatial and Power Domain Adaptation
The ability to support multiple CSI report configurations or sub-configurations for different spatial adaptation patterns is essential for optimizing CSI reporting in 5G NR systems. Instead of relying on a single configuration, networks can configure multiple CSI reports that align with various spatial adaptation scenarios, ensuring efficient information exchange between the UE and the network. This enhances the network's adaptability to changing channel conditions and user demands, ultimately improving overall network energy efficiency.

Adopting multiple configurations or sub-configurations for generating CSI reports allows the network to make informed scheduling and resource allocation decisions, even when faced with different spatial adaptation patterns. By doing so, the network can achieve effective energy-saving outcomes without compromising its ability to respond to fluctuating network traffic and user experience expectations.

Implementing solutions to handle multiple CSIs in a single reporting instance simplifies the reporting process while accommodating different sub-configurations. Efficiently managing multiple CSIs allows the network to minimize the overhead associated with CSI reporting and ensures that the necessary information is conveyed without overburdening the UE or the network.

Optimizing CSI reporting by handling multiple CSIs in a single instance is vital for striking a balance between energy efficiency and performance. By consolidating the reporting process, the network can spend fewer resources processing CSI information, reducing energy consumption and increasing overall efficiency.

Reducing overhead for CSI reports associated with Type 2 spatial domain and power domain adaptation is crucial for maintaining energy efficiency while preserving network performance. A technique to lower overhead for Type 2 adaptation includes sharing the same Rank Indicator (RI) and Precoding Matrix Indicator (PMI) across multiple configurations, allowing the UE to report only different Channel Quality Indicator (CQI) values for various candidate power offset values. By doing so, fewer report quantities are required, leading to reduced occupation of CSI Processing Units (CPUs) and enhanced energy efficiency. Optimizing the CSI reporting process in this manner minimizes the impact on UE complexity and enables the network to maintain its responsiveness to changing conditions while achieving energy-saving goals. 

[bookmark: _Ref135066391]Observation 2: Sharing common RI and PMI for spatial adaptation patterns subject to the same 'nrofPorts', selected subset of CSI-RS ports and the specified codebook reduces both UE CSI evaluation complexity and BS UL resource requirement for NES CSI report.  

[bookmark: _Ref135066409]Proposal 3: Sharing common RI and PMI for spatial adaptation patterns subject to the same 'nrofPorts', selected subset of CSI-RS ports and the specified codebook is supported for CSI report enhancement for NES
[bookmark: _Ref135066429]Proposal 4: CPU occupation for spatial adaptation patterns that can NOT share common RI and PMI are separately counted w.r.t. legacy CPU occupation rules.
· FFS: Reduced CPU occupation for spatial adaptation patterns that can share common RI and PMI, aiming for the same rule applicable also for power domain adaptation.


In conclusion, optimizing CSI Report Generation and Transmission is crucial for achieving network energy savings while maintaining performance and adaptability. By adapting CSI report configurations, reducing overhead, and minimizing UE complexity, 5G NR systems can strike the right balance between providing quality user experiences and pursuing sustainability objectives. The proposed changes in this section aim to support these core goals while paving the way for eco-friendly and efficient 5G networks.


Indication of Spatial and Power Domain Adaptation

Using UE CSI reports, BS has the ability to decide which CSI-RS port(s) to disable or enable (Type 1 adaptation) or which antenna elements from each CSI-RS port to disable or enable (Type 2 adaptation). Taking these reports into account enables the gNB to optimize its resources, adapt to different network scenarios, and reduce energy consumption while providing a satisfactory user experience.

When the BS makes decisions based on UE CSI reports, it is vital to provide the UE with indications of the selected CSI-RS ports (for Type 1 spatial domain adaptation) and corresponding power offsets (for Type 2 spatial domain adaptation or power domain adaptation). These indications give the UE crucial information on the network's configuration, allowing it to adjust its measurements and CSI calculations accordingly to stay aligned with the network's energy-saving goals.

For example, if a gNB disables a specific CSI-RS port or adjusts the power offset of an antenna element, the UE must be aware of these changes. By explicitly providing UE the number of ports, the network prevents UE from ill/dummy CSI calculations and contributes to more accurate channel state information. By explicitly providing UE the power offset for CSI-RS after the adaptation, the network ensures that UE can compensate the power offset difference in performing channel average and thus improve CSI accuracy.

[bookmark: _Ref135066463]Observation 3: By explicitly providing UE the number of ports, the network prevents UE from ill/dummy CSI calculations and contributes to more accurate channel state information. By explicitly providing UE the power offset for CSI-RS after the adaptation, the network ensures that UE can compensate the power offset difference in performing channel average and thus improve CSI accuracy.

[bookmark: _Ref135066483]Proposal 5: For spatial and power domain adaptation for NES, at least 'nrofPorts' and power offset value of 'powerControlOffset' or 'powerControlOffsetSS' are explicitly indicated.
· FFS: Specific rules on mapping the restriction on CSI calculation based on the indicated 'nrofPorts' and power offset. For example, those spatial adaptation patterns with 'nrofPorts' larger than the indicated on are not evaluated, and those with candidate power offset value that is different from the indicated one by [6 dB] are not evaluated.

[bookmark: _Ref135066511]Proposal 6: Indication of the active spatial adaptation pattern is supported for efficient provision of information of 'nrofPorts' and power offset value 'powerControlOffset' or 'powerControlOffsetSS'.

Another crucial aspect of adaptation for channel measurement is minimizing energy overhead when sending indications to UEs. One approach to minimize energy overhead involves using UE-group-wise indications, where these indications are sent to a specific group of UEs simultaneously, rather than individually signaling each UE. This approach reduces signaling overhead and results in significant energy savings for the network.

The UE-group-wise indication can be facilitated using a new group-specific DCI format or by reusing the paging indication DCI. Implementing this approach ensures that the network informs UEs of configuration changes while conserving energy resources and reducing communication loads. It is noticed that reusing paging indication DCI has the benefit of ensured coverage performance.

[bookmark: _Ref135066528]Proposal 7: Indication of spatial and power domain adaptation is based one of the following alternatives:
· Alt 1: New group-specific DCI format
· Alt 2: Extending paging indication DCI format(s), i.e., DCI format 1_0 with P-RNTI and/or DCI format 2_7 with PEI-RNTI
  


Summary
For reducing network energy consumption, this contribution proposes enhancements in aspects of spatial adaptation patten configuration, CSI Report Generation & UE complexity reduction, and indication of spatial and power domain adaptation for NES. In particular, the following observations and proposals are provided:

Observation 1: For Type 1 spatial domain adaptation, if the spatial domain adaptation also reduces the number of ports for CSI-RS, UE is not able to report the RI and PMI for the candidate setting with more CSI-RS ports required for the evaluation. One major difference with Type 2 adaptation is that both BS and UE deal with a constant number of CSI-RS ports, thus eliminating the varying CSI evaluation limitation along the NES adaptation.

Proposal 1: A 'spatial adaptation pattern' is an augmented configuration based on an NZP-CSI-RS resource configuration that includes
1. The associated NZP-CSI-RS-ResourceId, 
2. A target value of 'nrofPorts' and explicit subset selection of CSI-RS ports
3. A specified codebook
4.  Candidate power offset value 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: For a given associated CSI-RS resource configuration, Type 1 adaptation is related to changing to a spatial adaptation pattern of different realizations in item 2 and item 3, and Type 2 is related to changing to another patten of different value in item 4.

Proposal 2: The configuration of spatial adaptation patterns can be utilized for CSI report as well as indication of spatial and power domain adaptation for efficient provision of restriction information for UE CSI measurement and evaluation.

Observation 2: Sharing common RI and PMI for spatial adaptation patterns subject to the same 'nrofPorts', selected subset of CSI-RS ports and the specified codebook reduces both UE CSI evaluation complexity and BS UL resource requirement for NES CSI report.

Proposal 3: Sharing common RI and PMI for spatial adaptation patterns subject to the same 'nrofPorts', selected subset of CSI-RS ports and the specified codebook is supported for CSI report enhancement for NES

Proposal 4: CPU occupation for spatial adaptation patterns that can NOT share common RI and PMI are separately counted w.r.t. legacy CPU occupation rules.
· FFS: Reduced CPU occupation for spatial adaptation patterns that can share common RI and PMI, aiming for the same rule applicable also for power domain adaptation.

Observation 3: By explicitly providing UE the number of ports, the network prevents UE from ill/dummy CSI calculations and contributes to more accurate channel state information. By explicitly providing UE the power offset for CSI-RS after the adaptation, the network ensures that UE can compensate the power offset difference in performing channel average and thus improve CSI accuracy.

Proposal 5: For spatial and power domain adaptation for NES, at least 'nrofPorts' and power offset value of 'powerControlOffset' or 'powerControlOffsetSS' are explicitly indicated.
· FFS: Specific rules on mapping the restriction on CSI calculation based on the indicated 'nrofPorts' and power offset. For example, those spatial adaptation patterns with 'nrofPorts' larger than the indicated on are not evaluated, and those with candidate power offset value that is different from the indicated one by [6 dB] are not evaluated.

Proposal 6: Indication of the active spatial adaptation pattern is supported for efficient provision of information of 'nrofPorts' and power offset value 'powerControlOffset' or 'powerControlOffsetSS'.

Proposal 7: Indication of spatial and power domain adaptation is based one of the following alternatives:
· Alt 1: New group-specific DCI format
· Alt 2: Extending paging indication DCI format(s), i.e., DCI format 1_0 with P-RNTI and/or DCI format 2_7 with PEI-RNTI


Reference 
[bookmark: _Ref129721668][bookmark: _Ref127565143][bookmark: _Ref86848915]“Draft Report of 3GPP TSG RAN WG1 #112-bis-e v0.1.0”, online available @ https://www.3gpp.org/ftp/tsg_ran/WG1_RL1/TSGR1_112b-e/Report
[bookmark: _Ref131801956]R1-2304270, “Final FL summary for spatial and power domain techniques for R18 NES”, Huawei, HiSilicon, RAN1#112-bis-e
[bookmark: _Ref135066999]R1-2302337, “CSI enhancements for network energy saving”, Huawei, HiSilicon, RAN1#112-bis-e
[bookmark: _Ref135067002]R1-2302944, “Discussion on NES techniques in spatial and power domains”, ZTE, Sanechips, RAN1#112-bis-e
RP-230566, “Revised WID: Network energy savings for NR”, RAN#99
[bookmark: _Ref127565876]3GPP TR 38.864, “Study on network energy savings for NR (Release 18)”, Dec., 2022; online available: https://portal.3gpp.org/desktopmodules/Specifications/SpecificationDetails.aspx?specificationId=3987
