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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-18 WID on Network energy savings for NR has the following objective [1]:
	3. 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


This contribution discusses a few remaining issues related to enhancements to support network energy saving techniques in spatial and power domains.
Power-domain adaptation
RAN1 made following agreements in previous meetings related to power-domain adaptation:
	Agreement (RAN1#112b-e)
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.

	Agreement (RAN1#113)
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


Power control offset of NZP CSI-RS resource for interference
When a NZP CSI-RS resource is configured for interference, its configured power offset needs to be considered for the CSI evaluation. If the network applies adaptation in power-domain and NZP CSI-RS resources for interference are configured for a CSI report configuration, support power-domain adaptation for the interference resource would be beneficial.
Proposal 1: Support power-domain adaptation for channel resource and (if configured) interference resource.
The agreement from RAN1#112bis-e states that each resource within a resource setting can be associated with one or more power offset values. The agreement from RAN1#113 states that each sub-configuration corresponds to an SD adaptation pattern or/[and] a power offset value. Therefore, a solution is needed for associating the power offset value to each sub-configuration, for the channel resource and (if configured) interference resource. One can envision at least the following Options:
Option 1: RRC configures one power offset for each resource of each CSI resource set configured in the CSI report configuration, for each sub-configuration.
Option 2: RRC configures one or more power offset for each NZP CSI-RS resource. MAC signaling indicates applicable power offset of each resource for a sub-configuration.
In Option 1, the power offset for the CSI resource is semi-statically configured for each sub-configuration. In principle there is no problem with this approach but it may result in the network having to configure a large number of sub-configurations for possible combinations of spatial domain patterns and power offsets (possibly for both channel and interference). 
Option 2 alleviates this issue by allowing more dynamic update of the power offset values used for each sub-configuration. Assuming power adaptation decisions are primarily driven by the effect of changing the power of the desired signal, only the power control value currently in use for an interference resource is relevant and configuring multiple sub-configurations just for this parameter would be overkill. If MAC signaling is used, the relevant value can instead be updated only when needed. Option 2 also does not preclude configuring two sub-configurations with the same spatial domain pattern but different power offsets for the channel resource which can be useful in initial power adaptation phase.
Proposal 2: Support configuration of multiple power offset values within NZP CSI-RS configuration.
Proposal 3: MAC signaling indicates applicable power offset value of each resource for a sub-configuration.
Beam management and TCI configuration enhancements
RAN1 made the following agreement at RAN1#113:
	Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement



BM enhancements
The first above potential enhancements on beam failure detection seem relevant to a scenario where the network scales down PDCCH power without changing the power of beam failure detection resources (SSB or CSI-RS). In this case, the UE may be in a situation where the quality of the detected resources is still good but reception of PDCCH unreliable or not possible. In Case 1 solution, the issue is addressed by having the UE adjust the quality threshold while in Case 2 solution, the UE provides beam failure / radio link failure reports for assumed power offsets.
In case no enhancement is supported, it is still possible for the network to mitigate the issue by implementation. For example, if CSI enhancements for power adaptation are supported, the network could infer insufficient quality of PDCCH from periodic or semi-persistent CSI reports and possibly temporarily raise power of PDCCH for this UE to ensure that communication can continue until the problem is resolved (e.g. by adapting the beam). From this perspective, the benefit of Case 2 solution over CSI reports is unclear. The benefit of Case 1 solution is that it may allow the UE to recover a better beam without requiring the network to identify the problem and adapt PDCCH power, although this may be at the cost of additional RACH procedure for BFRs. Case 1 solution could thus be further considered.
Proposal 4: For beam management enhancements, downselect either Case 1 (scaling thresholds of detection and recovery resources) or Case 3 (no enhancement).
TCI configuration enhancements
The second above potential enhancements on TCI configuration enhancements are relevant when the network uses Type 2 spatial adaptation. In this scenario, different spatial adaptation patterns are expected to result in different beam widths, and therefore different channels from UE perspective. 
A change of spatial pattern may then have impact on channel estimation for PDCCH/PDSCH reception, similar to a change of beam. Such change of beam is normally handled by indicating a new TCI state for PDCCH and PDSCH reception where the new TCI state includes the CSI-RS corresponding to the new beam as QCL information. This implies that the required number of configured TCI states in a cell for which Type 2 spatial adaptation is utilized can increase significantly. In practice, at any given time the network would only need to use TCI states corresponding to a subset of all possible spatial patterns, corresponding to which energy saving mode it is operating in. Every time the network switches to a different energy saving mode and uses a different set of spatial patterns, it will need to activate a different subset of TCI states for each UE.
Solutions that would reduce the above signaling overhead, such as Method 1 or Method 2 in the above agreement, would be beneficial. Method 1 is slightly preferred as it would not necessitate increase in the number of configured TCI states, but Method 2 is also acceptable.
Proposal 5: For TCI configuration enhancements, downselect either Method 1 (multiple candidate QCL sources switched by L1/2 signaling) or Method 2 (multiple candidate sets of TCI states switched by L1/2 signaling).
Conclusion
In this contribution, the following proposals are made:
Proposal 1: Support power-domain adaptation for channel resource and (if configured) interference resource.
Proposal 2: Support configuration of multiple power offset values within NZP CSI-RS configuration.
Proposal 3: MAC signaling indicates applicable power offset value of each resource for a sub-configuration.
Proposal 4: For beam management enhancements, downselect either Case 1 (scaling thresholds of detection and recovery resources) or Case 3 (no enhancement).
Proposal 5: For TCI configuration enhancements, downselect either Method 1 (multiple candidate QCL sources switched by L1/2 signaling) or Method 2 (multiple candidate sets of TCI states switched by L1/2 signaling).
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Appendix: previous agreements
RAN1#113

Agreement
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.

Agreement
For a CSI report configuration with L>1, for Type 1 SD, at least when A1-2-revised is used for the associated codebook configuration, 
· Only common codebook type for PMI across sub-configurations is supported
· Codebook type-1 for PMI is supported

Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering


Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.


Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array

Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported 
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)

Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded

Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214

R1-2306033	FL summary#4 for SD and PD adaptation for R18 NES	Moderator (Huawei)

Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4
· for Type 2 SD adaptation with A1-1-revised, for each sub-configuration
· a list of CSI-RS resource ID
· FFS: codebookConfig (including codebookSubsetRestriction/ ri-Restriction)
· FFS: CQI table indication
· FFS: reportFreqConfiguration
· FFS: report quantity
Above is agreed in addition to what was agreed in previous RAN1 agreements

Agreement
Joint operation of SD and PD adaptation is supported.

Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement

Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting

RAN1#112bis-e
R1-2303913	FL summary#1 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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.

R1-2303914	FL summary#2 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2303915	FL summary#3 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2303916	FL summary#4 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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.

R1-2303917	FL summary#5 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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.

RAN1#112
R1-2301964	FL summary#1 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2301965	FL summary#2 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2301966	FL summary#3 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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.


