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Introduction
In RAN#99 [1], it was agreed, for Rel 18 WI on network energy savings, to focus on the following as one of the objectives:
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


In this paper, we provide input for above objective, i.e., potential techniques on gNB and UE side in spatial and power domains which can improve network energy savings, with the emphasis that the underlying techniques should prioritize No-, Low- and Medium-load scenarios.

Discussion
Power domain energy saving techniques

Adapting downlink transmit power for PDSCH transmissions can reduce network energy consumption with little to no impact on UE perceived performance in some scenarios (e.g., for UEs in good coverage). In RAN1#112bis-e, the following agreements were made:
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 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.

Here, we discuss aspects relevant for deciding the design for power domain adaptation. 
When it comes to gNB transmission power adaptations, mainly CSI-RS and PDSCH have been under discussion during the WI. In our opinion, it is the PDSCH Tx power adaptations that brings most of the energy savings for the gNB. Many times, the transmitted CSI-RSs are shared by more than one UE and occupy only a few resources and we therefore here only assume that it is the PDSCH energy-per-resource element (EPRE) that is dynamically changed. Upon such change, if the EPRE of CSI-RS does not change accordingly, the actual power offset between PDSCH and CSI-RS REs will change. If this is not compensated in the UE’s CSI estimates, the CSI accuracy degrades, particularly the accuracy of MIMO rank estimation (RI). Such inaccuracies are not something that the gNB can compensate simply by scaling the CSI reports received from the UE. Therefore, it would enhance CSI estimation accuracy if the UE reports CSI based on the actual power offset between PDSCH to CSI-RS that the gNB may use. In the current specifications, while a NZP-CSI-RS resource is configured with power offset setting between PDSCH and CSI-RS (powerControlOffset) and also power offset setting  between CSI-RS and SSS (powerControlOffsetSS), we only address the former since, as mentioned earlier, we do not think changing CSI-RS Tx power brings major savings.
[bookmark: _Toc134997633]CSI-RS transmissions are often shared by more than one UE and occupy only a few time/frequency resources.
[bookmark: _Toc134997634]When it comes to power domain energy savings, it is the PDSCH Tx power adaptation, rather than that of CSI-RS, that brings most of the energy savings for the gNB.
[bookmark: _Toc134997640]For PD adaptation techniques, dynamic updates for powerControlOffsetSS are not supported. I.e., do not consider the case where CSI-RS power is dynamically changed.

The adaptation can be divided into two phases:
· [bookmark: _Hlk131596573]Phase 1 (Multiple-CSI measurement/report for PD adaptation): UE measures and reports on multiple different hypothesized values of powerControlOffset and reports corresponding CSIs (e.g., RI, PMI, CQI). 
· Phase 2 (Indication of PD adaptation): Based on the UE feedback in Phase 1, the gNB selects an offset amongst the hypothesized ones. The gNB then dynamically indicates to UE which power offset it should use for the purpose of future CSI measurements and reports.

[bookmark: _Toc127532105][bookmark: _Toc127532122][bookmark: _Toc127535289][bookmark: _Toc127532106][bookmark: _Toc127532123][bookmark: _Toc127535290][bookmark: _Hlk131598117]Phase 1 (Multiple-CSI measurement/report for PD adaptation)

For Phase 1, according to the agreements from RAN1#112bis-e, a UE should be able to support multiple PDSCH-to-CSI-RS power offset (powerControlOffset) values for CSI measurement on a single NZP-CSI-RS resource. In order to trigger the UE to report on these multiple power offsets, we think a straightforward approach is to maintain the same framework for triggering aperiodic CSI as in current specifications. Such triggering is based on the CSI request field in DCI 0_1/0_2 and the associated trigger states configured via the RRC information element CSI-AperiodicTriggerStateList, where each element in this list maps to a different codepoint of the CSI request field in DCI.
To enable indication of multiple power offset hypotheses, a similar framework as already agreed for spatial domain adaptation can be reused. Namely, a CSI-ReportConfig is configured with multiple (L) sub-configurations, where each sub-configuration contains a configured power offset hypothesis. As in current specifications, a trigger state is associated with this CSI-ReportConfig. To indicate to the UE that multiple power offsets should be used for CSI reporting purposes, a trigger state within CSI-AperiodicTriggerStateList is updated to include a new parameter that can indicate N out of the L sub-configurations in CSI-ReportConfig.
This framework is illustrated by an example in Figure 1. In this example, a single CSI-ReportConfig is associated with four different trigger states, and the CSI-ReportConfig contains L = 3 sub-configurations containing power offsets 0, -3, -6 dB, respectively. In this example, Trigger State 1 indicates all L sub-configurations (N = L = 3), and Trigger States 2, 3, and 4 each indicate a different single sub-configuration (N = 1). We discuss the utility of indicating only N = 1 power offset in the context of Phase 2 below. Clearly other configurations are possible, for example allocating one or more trigger states to indicate N < L hypotheses.
The parameter in a trigger state that indicates N out of L sub-configurations can be optionally present. If present, the UE would understand that it needs to temporarily override the power offset (powerControlOffset) configured within the CSI-RS resource used for CSI measurement with the values contained in the indicated sub-configurations of CSI-ReportConfig. If absent, the UE would simply use the power offset configured within the CSI-RS resource.
We think this same framework can be used for semi-persistent CSI reporting on PUSCH as well. The only difference from aperiodic CSI reporting is that the parameter that indicates N out of L sub-configurations would be configured in a trigger state within the information element CSI-SemiPersistentOnPUSCH-TriggerStateList instead of CSI-AperiodicTriggerStateList. In this way existing DCI 0_1/0_2 would be used to trigger sp-CSI reporting, but with multiple hypotheses on power offset.
In our opinion, these two reporting mechanisms, aperiodic and semi-persistent reporting on PUSCH, are sufficient for the purpose of gNB power domain adaptation. The approach of report L CSIs based on L sub-configurations could be applied with some limitations (i.e. as much as can be accommodated with existing PUCCH formats/payload sizes) to periodic and/or semi-persistent CSI reporting on PUCCH.  However, in case it is seen necessary to support such adaptation for periodic and/or semi-persistent CSI reporting on PUCCH, new MAC-CE(s)/mechanisms may be needed to activate/enable specific hypotheses, at the cost of extra standardization efforts. 
In all cases, we expect that the number of hypotheses that can be configured and reported would be  subject to UE capabilities such as the number of simultaneous reports per CC (simultaneousCSI-ReportsPerCC: 1...8) and the number over all CCs (simultaneousCSI-ReportsAllCC: 5...32). Furthermore, we expect that reporting of N CSI reports would imply that N CPUs are occupied from the total UE budget on simultaneous CSI computations.
When it comes to the actual CSI reporting, we think that multiplexing multiple ap/sp-CSI reports on PUSCH should be straightforward and most practical. Optimized CSI reporting allowing the UE to provide compact CSI feedback can be further discussed in case there is a need for further optimization for the cases of semi-persistent and/or periodic CSI reporting on PUCCH.
[image: ]
Figure 1: depicts how different powerControlOffset hypotheses are configured and indicated by DCI

Phase 2 (Indication of PD adaptation)

Based on UE feedback for multiple hypothesized power offsets as well as other energy saving criteria, the gNB selects an appropriate hypothesis. In Phase 2, the gNB then indicates to the UE the selected power offset hypothesis (powerControlOffset) it should use when triggered for future CSI measurement/reporting. This can be useful for cases where CSI based on the multiple power offset hypotheses is triggered occasionally/as-needed for hypotheses assessment and afterwards the gNB uses single setting (single power offset) for regular CSI reporting. 
As shown in  above, the indication of a single power offset hypothesis is achieved very simply by the gNB signaling a codepoint of the CSI request field in DCI 0_1/0_2 that corresponds to a trigger state in CSI-AperiodicTriggerStateList or CSI-SemiPersistentOnPUSCH-TriggerStateList that indicates only a single one of the L sub-configurations in CSI-ReportConfig. In the example in Figure 1, this would be either Trigger State 2, 3, or 4 depending on which power offset hypothesis the gNB selects.

[bookmark: _Toc134997635]In practice, a gNB occasionally needs estimates on different hypotheses from the UE, therefore aperiodic and semi-persistent multi-hypotheses estimates and reports from the UE are most practical.
[bookmark: _Toc134778629][bookmark: _Toc134714937][bookmark: _Toc134715599][bookmark: _Toc134715856][bookmark: _Toc134743369][bookmark: _Toc134778630][bookmark: _Toc134714938][bookmark: _Toc134715600][bookmark: _Toc134715857][bookmark: _Toc134743370][bookmark: _Toc134778631][bookmark: _Toc134714939][bookmark: _Toc134715601][bookmark: _Toc134715858][bookmark: _Toc134743371][bookmark: _Toc134778632][bookmark: _Toc134714940][bookmark: _Toc134715602][bookmark: _Toc134715859][bookmark: _Toc134743372][bookmark: _Toc134778633][bookmark: _Toc134714941][bookmark: _Toc134715603][bookmark: _Toc134715860][bookmark: _Toc134743373][bookmark: _Toc134778634][bookmark: _Toc134714942][bookmark: _Toc134715604][bookmark: _Toc134715861][bookmark: _Toc134743374][bookmark: _Toc134778635][bookmark: _Toc134714943][bookmark: _Toc134715605][bookmark: _Toc134715862][bookmark: _Toc134743375][bookmark: _Toc134778636][bookmark: _Toc134714944][bookmark: _Toc134715606][bookmark: _Toc134715863][bookmark: _Toc134743376][bookmark: _Toc134778637][bookmark: _Toc134714945][bookmark: _Toc134715607][bookmark: _Toc134715864][bookmark: _Toc134743377][bookmark: _Toc134778638][bookmark: _Toc134997636]For PD adaptation, CSI reporting on PUSCH (aperiodic, or semi-persistent) requires the least amount of standardization effort.

[bookmark: _Toc134997641]For PD adaptation, support one CSI report configuration (CSI-ReportConfig) containing one or multiple CSI report sub-configurations where each sub-configuration corresponds to a different powerControlOffset.
[bookmark: _Toc134997642]For PD adaptation with CSI reporting on PUSCH (aperiodic, or semi-persistent), the existing CSI request field in DCI 0_1/0_2 is used for triggering CSI measurement and reporting according to one or multiple sub-configurations of a CSI-ReportConfig.
[bookmark: _Toc134743581][bookmark: _Toc134743645][bookmark: _Toc134743704][bookmark: _Toc134743817][bookmark: _Toc134778647][bookmark: _Toc134778700][bookmark: _Toc134778741][bookmark: _Toc134743499][bookmark: _Toc134743582][bookmark: _Toc134743646][bookmark: _Toc134743705][bookmark: _Toc134743818][bookmark: _Toc134778648][bookmark: _Toc134778701][bookmark: _Toc134778742][bookmark: _Toc134743389][bookmark: _Toc134743451][bookmark: _Toc134743500][bookmark: _Toc134743583][bookmark: _Toc134743647][bookmark: _Toc134743706][bookmark: _Toc134743819][bookmark: _Toc134778649][bookmark: _Toc134778702][bookmark: _Toc134778743][bookmark: _Toc131706776][bookmark: _Toc134997643]For PD adaptation, trigger state indication via DCI 0_1/0_2 is used to dynamically indicate N out of L sub-configurations (each containing a powerControlOffset value) of a CSI-ReportConfig for which the UE shall measure and reports N CSIs.
[bookmark: _Toc134714958][bookmark: _Toc134715620][bookmark: _Toc134715877][bookmark: _Toc134743392][bookmark: _Toc134743454][bookmark: _Toc134743502][bookmark: _Toc134743585][bookmark: _Toc134743649][bookmark: _Toc134743708][bookmark: _Toc134743821][bookmark: _Toc134778651][bookmark: _Toc134778704][bookmark: _Toc134778745][bookmark: _Toc134997644]For PD adaptation, when a UE receives a codepoint of the CSI request field in DCI corresponding to a trigger state indicating one or multiple sub-configurations that include powerControlOffsets, the UE transmits CSI report including one or multiple CSIs based on the NZP-CSI-RS resource(s) assuming powerControlOffset given by the respective sub-configuration(s).
[bookmark: _Toc134647755][bookmark: _Toc134647804][bookmark: _Toc134714960][bookmark: _Toc134715622][bookmark: _Toc134715879][bookmark: _Toc134743394][bookmark: _Toc134743456][bookmark: _Toc134743504][bookmark: _Toc134743587][bookmark: _Toc134743651][bookmark: _Toc134743710][bookmark: _Toc134743823][bookmark: _Toc134778653][bookmark: _Toc134778706][bookmark: _Toc134778747][bookmark: _Toc134997645]For PD adaptation, support at least aperiodic and semi-persistent CSI reporting on PUSCH.

Spatial domain energy saving enhancements

At RAN1#112bis-e, the following agreements were made relevant to spatial domain adaptations:
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

[bookmark: _Hlk131595634]Like the power domain adaptations, we consider two phases to the spatial domain adaptations:
· Phase 1 (Multiple-CSI measurement/report for SD adaptation): UE measures and reports CSI on multiple different hypothesized spatial domain adaptation patterns. 
· Phase 2 (Indication of SD adaptation): Based on the UE feedback, the gNB selects a pattern from the multiple hypothesized ones. The gNB then dynamically indicates to UE about the spatial domain adaptation pattern to use for the purpose of future CSI measurements and reports.

We now discuss Type-1 and Type-2 SD adaptation separately.

Type-1 spatial domain adaptations

gNBs with active antenna systems generally employ many antenna elements arranged in subarrays as exemplified below: 


Figure 2: Exemplary antenna arrangement of a gNB with an active antenna system including subarrays each with two-cross polarized antenna elements in the vertical dimension.  
Each subarray is typically connected to two transceiver chains, one per polarization.


Figure 3: A typical setup where each polarization of the subarray is connected to a separate Rx/Tx chain.
It is quite common that such gNBs are equipped with 32 such Rx/Tx chains, and more are foreseen in the future, especially at higher frequencies. The energy consumed by the multitude of these transceiver chains stands for a major part of total consumed network energy. Energy savings can be achieved by muting a portion of the transceivers whereby the involved circuitry is turned off. Which portion that is muted depends on different deployments, loads, and UE coverage scenarios and therefore it is necessary for the gNB to dynamically adapt the muting pattern.



[bookmark: _Ref114841321]Figure 4: Different transceiver muting patterns depending on deployment, load, and coverage of UEs.
[bookmark: _Toc127461249][bookmark: _Toc127461819]There is a tradeoff between energy saving gains and UE performance loss. To avoid recurrent reconfigurations and excessive UE performance loss caused by transceiver muting, it is necessary for the gNB to acquire knowledge of what performance the different muting patterns would result in prior to the actual transceiver muting decision. This requires that the UE can report not only CSI for current transceiver configuration, e.g., 32 chains, but also CSI for other candidate configuration(s), e.g., 16, 8, or 4.  When it comes to CSI-RS transmission, irrespective of number of physical antenna subarrays, 3GPP has defined up to 32 CSI-RS antenna ports where each port is typically mapped to a subarray. According to the agreement from RAN1#112bis-e, the CSI-RS resource patterns from the current specifications and the port configurations are not to be extended:
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
 
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.

In order to avoid configuring and transmitting multiple CSI-RS resources, the gNB could according to the agreements from previous meeting:
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
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.

configure a single CSI-RS resource which is transmitted from a panel incorporating multiple transceiver chains, but reports from the UE are requested on various subsets of those ports for each muting hypothesis, where a muting hypothesis corresponds to a sub-configuration of a CSI reporting configuration (CSI-ReportConfig).
According to the agreement above that for Rel-18 NES, only legacy port configuration values (N1,N2) are supported, the muting hypothesis should correspond to one of the supported combinations of Table 5.2.2.2.1-2 from 38.214 shown below: 
[image: ]
[bookmark: _Toc115188011][bookmark: _Toc115188909][bookmark: _Toc115188943][bookmark: _Toc115188964][bookmark: _Toc115188990][bookmark: _Toc115189028][bookmark: _Toc115196591]For example, assume that the gNB is operating with an 8-port configuration but needs to have assessment from the UE on a -port configuration before the actual configuration change, i.e., before muting of the transceivers. This would mean that a UE supporting a 8-port CSI-RS corresponding to a codebook with (N1=2, N2=2), would be triggered by the gNB to provide a report according to a (N1=2, N2=1) codebook  


[bookmark: _Ref134539839]Figure 5: Illustration of layouts for reporting a subset of 4 out of 8 CSI-RS ports according to the configurations of current specifications.
Note that even after the muting decision, the gNB will typically continue to transmit the CSI-RS on all ports (e.g., an 8-port CSI-RS in the Figure 5 example) while scheduling PDSCH based on the muting pattern. This is partly because the CSI-RS transmissions may be shared with other UEs, and partly because the gNB occasionally requires a CSI report on the full set of CSI-RS ports for the sake of assessment on whether the muted ports should be turned back on, e.g., for performance reasons. As we discussed previously, the bulk of network energy savings comes from spatial domain adaptation for PDSCH, not CSI-RS.  
When it comes to configuration and triggering of CSI reporting for Type-1 adaptations, we think the very same configuration/indication approach as for power domain adaptations can be used. These steps/phases are described below.

Phase 1 (Multiple-CSI measurement/report for Type-1 SD adaptation)

For Phase 1 (and throughout Phase 2 below) only a single resource set with single CSI-RS resource is needed for the case of non-precoded CSI-RS (no port virtualization). Hence, the gNB always transmits a 32 ports CSI-RS resource, and the UE measures on various subsets of those ports for each muting hypothesis. This corresponds to “A1-2 revised” highlighted in the RAN1#112bis-e agreement shown in the previous section. Therefore, A1-2-revised should be supported for Type 1 SD adaptation. As discussed in section 2.2.2, A1-1 revised is suitable for Type 2 SD adaptation. Given this, RAN1 should confirm below working assumption from RAN1#112-bis-e that both A1-1-revised and A1-2-revised are supported. 
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

[bookmark: _Toc134997646]For SD adaptation, confirm the working assumption (from RAN1#112-bis-e) that both A1-1-revised and A1-2-revised are supported. 

Regarding the FFS, we propose that A-1-2 revised is supported for Type 1 spatial domain adaptation. 
[bookmark: _Toc134714963][bookmark: _Toc134715625][bookmark: _Toc134715882][bookmark: _Toc134743397][bookmark: _Toc134743459][bookmark: _Toc134743508][bookmark: _Toc134743590][bookmark: _Toc134743654][bookmark: _Toc134743713][bookmark: _Toc134743826][bookmark: _Toc134778656][bookmark: _Toc134778709][bookmark: _Toc134778750][bookmark: _Toc134714964][bookmark: _Toc134715626][bookmark: _Toc134715883][bookmark: _Toc134743398][bookmark: _Toc134743460][bookmark: _Toc134743509][bookmark: _Toc134743591][bookmark: _Toc134743655][bookmark: _Toc134743714][bookmark: _Toc134743827][bookmark: _Toc134778657][bookmark: _Toc134778710][bookmark: _Toc134778751][bookmark: _Toc134714965][bookmark: _Toc134715627][bookmark: _Toc134715884][bookmark: _Toc134743399][bookmark: _Toc134743461][bookmark: _Toc134743510][bookmark: _Toc134743592][bookmark: _Toc134743656][bookmark: _Toc134743715][bookmark: _Toc134743828][bookmark: _Toc134778658][bookmark: _Toc134778711][bookmark: _Toc134778752][bookmark: _Toc134714966][bookmark: _Toc134715628][bookmark: _Toc134715885][bookmark: _Toc134743400][bookmark: _Toc134743462][bookmark: _Toc134743511][bookmark: _Toc134743593][bookmark: _Toc134743657][bookmark: _Toc134743716][bookmark: _Toc134743829][bookmark: _Toc134778659][bookmark: _Toc134778712][bookmark: _Toc134778753][bookmark: _Toc134714967][bookmark: _Toc134715629][bookmark: _Toc134715886][bookmark: _Toc134743401][bookmark: _Toc134743463][bookmark: _Toc134743512][bookmark: _Toc134743594][bookmark: _Toc134743658][bookmark: _Toc134743717][bookmark: _Toc134743830][bookmark: _Toc134778660][bookmark: _Toc134778713][bookmark: _Toc134778754][bookmark: _Toc134714968][bookmark: _Toc134715630][bookmark: _Toc134715887][bookmark: _Toc134743402][bookmark: _Toc134743464][bookmark: _Toc134743513][bookmark: _Toc134743595][bookmark: _Toc134743659][bookmark: _Toc134743718][bookmark: _Toc134743831][bookmark: _Toc134778661][bookmark: _Toc134778714][bookmark: _Toc134778755][bookmark: _Toc134714969][bookmark: _Toc134715631][bookmark: _Toc134715888][bookmark: _Toc134743403][bookmark: _Toc134743465][bookmark: _Toc134743514][bookmark: _Toc134743596][bookmark: _Toc134743660][bookmark: _Toc134743719][bookmark: _Toc134743832][bookmark: _Toc134778662][bookmark: _Toc134778715][bookmark: _Toc134778756][bookmark: _Toc134997647]For Type-1 SD adaptation, support A1-2-revised (agreed in RAN1#112bis-e meeting).
Like for power domain adaptation, for the enablement of Phase 1, we think that the UE can be configured with multiple spatial domain hypotheses, where a hypothesis corresponds to a sub-configuration within a CSI-ReportConfig. Like for PD adaptation, we propose that an indicator is configured within a trigger state within CSI-AperiodicTriggerState (for ap-CSI reporting on PUSCH) or CSI-SemiPersistentOnPUSCH-TriggerState (for sp-CSI reporting on PUSCH) that indicates N out of L sub-configurations in the CSI-ReportConfig. When the UE receives a codepoint of the CSI request field of  DCI 0_1/0_2 associated with a trigger state containing the indicator, the UE understands that it needs to measure and report CSI(s) corresponding to each of the indicated sub-configurations.
This simple framework is illustrated by an example in Figure 6 which is identical to what we propose for PD adaptation, except for the content of the sub-configurations. In this example, a single CSI-ReportConfig is associated with four different trigger states, and the CSI-ReportConfig contains L = 3 sub-configurations containing information corresponding to 3 different SD adaptation patterns, respectively. In this example, the three patterns correspond to 32, 16, and 8 port muting patterns, and for each pattern a port subset is configured, as per the agreement from RAN1#112bis-e. In this example, Trigger State 1 indicates all L sub-configurations (N = L = 3), and Trigger States 2, 3, and 4 each indicate a different single sub-configuration (N = 1). We discuss the utility of indicating only N = 1 SD adaptation pattern in the context of Phase 2 below. Clearly other configurations are possible, for example allocating one or more trigger states to indicate N < L hypotheses.



[bookmark: _Ref134709161]Figure 6: depicts how different report config hypotheses are configured for type-1 and indicated by DCI

Our expectation is that the number of hypotheses that can be configured and reported as above is subject to UE capabilities. The gNB can for example configure L sub-configurations in the CSI-ReportConfig but at each reporting instance only trigger reporting on N out of the L. This corresponds to the agreements from RAN1#112 for the CSI report configuration.
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 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

Contents of sub-configuration
According to the following agreement:
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

For each sub-configuration within a CSI-ReportConfig, the UE needs to be configured with (N1,N2) corresponding to the muting pattern as well as the subset of the ports for which it shall measure and report CSI. There are many approaches for how the port subset could be indicated, below are two simple options: 
· Option 1: An bitmap that explicitly indicates the ports that belong to the port subset associated with the indicated (N1,N2) for the sub-configuration
· Option 2: A row and column that indicates a reference antenna element location within the full array The port subset is implicitly derived based on (N1_start, N2_start) and the indicated (N1,N2) for the sub-configuration.
With either option, the ports of a port subset should still correspond to uniform linear array. Option 1 would be the simplest from specification perspective, while Option 2 or other variants can also work with slightly less RRC signalling overhead.
[bookmark: _Toc134997648]For Type-1 SD adaptation, discuss at least the following options for indication of N1,N2 and port subset for a sub-configuration 
a. [bookmark: _Toc134997649]Option 1: A bitmap that explicitly indicates the ports that belong to the port subset associated with the indicated (N1,N2) for the sub-configuration
b. [bookmark: _Toc134997650]Option 2: A row and column that indicates a reference antenna element location within the full array (e.g. N1_start, N2_start). The port subset is implicitly derived based on (N1_start, N2_start) and the indicated (N1,N2) for the sub-configuration.

Other types of configurations mentioned in the agreement, such as rank restriction, codebook subset restriction can also be configured as part of the sub-configurations in the CSI-ReportConfig. From our perspective, at least the rank restriction and codebook subset restriction should be supported per sub-configuration. For other parameters (supported codebook types for PMI, e.g., Type-I or Type-II, report quantity, reportFreqConfiguration), it does not seem necessary to have these defined/configured separately for each sub-configuration. 
[bookmark: _Toc134997651]For Type-1 SD adaptation, at least the following can be optionally indicated per sub-configuration according to the indicated (N1,N2)
c. [bookmark: _Toc134997652]rank restriction
d. [bookmark: _Toc134997653]codebook subset restriction

Phase 2 (Indication of Type-1 SD adaptation)

Based on UE feedback for multiple hypothesized Type-1 SD adaptation patterns as well as other energy saving criteria, the gNB selects an appropriate hypothesis. In Phase 2, the then gNB indicates to the UE the selected spatial adaptation pattern it should use when triggered for future CSI measurement/reporting. 
As shown in Figure 6 above, the indication of a single SD adaptation pattern is achieved very simply by the gNB signaling a codepoint of the CSI request field in DCI 0_1/0_2 that corresponds to a trigger state in CSI-AperiodicTriggerStateList or CSI-SemiPersistentOnPUSCH-TriggerStateList that indicates only a single one of the L sub-configurations in CSI-ReportConfig. In the example in Figure 6, this would be either Trigger State 2, 3, or 4 depending on which SD adaptation pattern the gNB selects.
Like for PD adaptation, during Phase 2, the gNB typically continues to transmit all CSI-RS ports as in Phase 1 (e.g., 32-port CSI-RS). This is partly since this transmission may be shared by other UEs, and partly for the gNB to be able to receive reports on the full set of ports for the sake of port re-activation. Moreover, the power saving potential due to SD adaptation is primarily achieved by muting antenna elements for PDSCH transmission, not CSI-RS transmission.
[bookmark: _Toc134997654]For Type-1 SD adaptation with CSI reporting on PUSCH (aperiodic, or semi-persistent), the existing CSI request field in DCI 0_1/0_2 is used for triggering CSI measurement and reporting according to one or multiple sub-configurations of a CSI-ReportConfig.
[bookmark: _Toc134997655]For Type-1 SD adaptation, trigger state indication via DCI 0_1/0_2 is used to dynamically indicate N out of L sub-configurations of a CSI-ReportConfig for which the UE shall measure and reports N CSIs.
[bookmark: _Toc134743842][bookmark: _Toc134778672][bookmark: _Toc134714982][bookmark: _Toc134715644][bookmark: _Toc134715901][bookmark: _Toc134743414][bookmark: _Toc134743476][bookmark: _Toc134743525][bookmark: _Toc134743607][bookmark: _Toc134743671][bookmark: _Toc134743730][bookmark: _Toc134743843][bookmark: _Toc134778673][bookmark: _Toc134714983][bookmark: _Toc134715645][bookmark: _Toc134715902][bookmark: _Toc134743415][bookmark: _Toc134743477][bookmark: _Toc134743526][bookmark: _Toc134743608][bookmark: _Toc134743672][bookmark: _Toc134743731][bookmark: _Toc134743844][bookmark: _Toc134778674][bookmark: _Toc134714984][bookmark: _Toc134715646][bookmark: _Toc134715903][bookmark: _Toc134743416][bookmark: _Toc134743478][bookmark: _Toc134743527][bookmark: _Toc134743609][bookmark: _Toc134743673][bookmark: _Toc134743732][bookmark: _Toc134743845][bookmark: _Toc134778675][bookmark: _Toc134714985][bookmark: _Toc134715647][bookmark: _Toc134715904][bookmark: _Toc134743417][bookmark: _Toc134743479][bookmark: _Toc134743528][bookmark: _Toc134743610][bookmark: _Toc134743674][bookmark: _Toc134743733][bookmark: _Toc134743846][bookmark: _Toc134778676][bookmark: _Toc134714986][bookmark: _Toc134715648][bookmark: _Toc134715905][bookmark: _Toc134743418][bookmark: _Toc134743480][bookmark: _Toc134743529][bookmark: _Toc134743611][bookmark: _Toc134743675][bookmark: _Toc134743734][bookmark: _Toc134743847][bookmark: _Toc134778677][bookmark: _Toc134714987][bookmark: _Toc134715649][bookmark: _Toc134715906][bookmark: _Toc134743419][bookmark: _Toc134743481][bookmark: _Toc134743530][bookmark: _Toc134743612][bookmark: _Toc134743676][bookmark: _Toc134743735][bookmark: _Toc134743848][bookmark: _Toc134778678][bookmark: _Toc134714988][bookmark: _Toc134715650][bookmark: _Toc134715907][bookmark: _Toc134743420][bookmark: _Toc134743482][bookmark: _Toc134743531][bookmark: _Toc134743613][bookmark: _Toc134743677][bookmark: _Toc134743736][bookmark: _Toc134743849][bookmark: _Toc134778679][bookmark: _Toc131706783][bookmark: _Toc134888639][bookmark: _Toc134997656]For Type-1 SD adaptation, when a UE receives a codepoint of the CSI request field in DCI corresponding to a trigger state indicating one or multiple sub-configurations, the UE transmits CSI report including CSI results corresponding to the one or multiple of indicated sub-configurations.
[bookmark: _Toc134888641][bookmark: _Toc134997657]For Type-1 SD adaptation and CSI reporting on PUSCH, at least the case without CSI report payload reduction/optimization is supported.

Type-2 spatial domain adaptations

An inherent aspect of Type-2 spatial element adaptation is that turning off a subset of antennas affects the transmission power. It shall however be noted that the resulting transmission power changes shall not affect the cell-specific signals as pointed out by the WID:
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
Hence, we can assume that in these symbols/slots used for transmission of cell-specific signals, all antenna elements associated with each logical antenna port should be enabled.
[bookmark: _Toc134997637]According to the WID, the enhancements for Type-2 spatial element adaptation are not applicable for SSB and for PDCCH in symbols that UEs monitor for common search spaces (CSS).
However, as CSI-RS is a UE-specific signal, it is in the scope of the WID to discuss Type-2 adaptation for CSI-RS. The associated side effects of power changes when turning off antennas according to the Type-2 scheme for CSI-RS transmission may result in that the RRC configured powerControlOffsetSS becomes incorrect. For the case of periodic CSI-RS, this may introduce complications in the following areas:
· UL Power Control:
For UL power control, either SSB or periodic CSI-RS can be used as a pathloss reference. If periodic CSI-RS is used as the pathloss reference, and the powerControlOffsetSS is incorrect, the pathloss estimated by the UE that is used in the UE Tx calculation becomes inaccurate. 
· Beam Failure Recovery (Link Recovery)
For beam failure recovery the radio link quality is monitored based on SSB or periodic CSI-RS. For the case of periodic CSI-RS, the UE measures L1-RSRP and compares it to a threshold after scaling the CSI-RS reception value by the configured value of powerControlOffsetSS which would be different than the actual value as mentioned above.
Based on this discussion, we think the simplest solution is to avoid Type-2 adaptation for periodic CSI-RS, like Type-2 adaptation is avoided for SSBs,
[bookmark: _Toc134997658]Type-2 spatial element adaptation enhancement is not supported in symbols configured with periodic CSI-RS. I.e., updates to powerControlOffsetSS are not supported for periodic CSI-RS. 
Based on the above, in what follows we assume that Type-2 adaptation is only supported in symbols with PDSCH, UE specific PDCCH, or aperiodic CSI-RS. These steps/phases related to Type-2 spatial domain adaptations are described below.

Phase 1 (Multiple-CSI measurement/report for Type-2 SD adaptation)

In contrast to Type-1 spatial domain adaptations where a single CSI-RS resource would suffice for UE measurement and reporting on different hypotheses, for Type-2 the gNB needs to transmit the CSI-RS resources with different antenna muting patterns in different OFDM symbols. This corresponds to Alt 1-1) highlighted in the agreements from RAN1#112bis-e:
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.

Given this, the below proposal is made, which together with A1-2-revised for Type-1 SD adaptation, fits perfectly with the working assumption made in RAN1#112-bis-e.  
[bookmark: _Toc134714994][bookmark: _Toc134715656][bookmark: _Toc134715913][bookmark: _Toc134743424][bookmark: _Toc134743486][bookmark: _Toc134743535][bookmark: _Toc134743617][bookmark: _Toc134743681][bookmark: _Toc134743740][bookmark: _Toc134743854][bookmark: _Toc134778684][bookmark: _Toc134778728][bookmark: _Toc134778769][bookmark: _Toc134997659]For Type-2 SD adaptation, support A1-1-revised (agreed in RAN1#112bis-e meeting).
For this phase we think the simplest approach is to configure an aperiodic CSI-RS resource set within a single CSI Resource setting (single CSI-ResourceConfig) which contains multiple CSI-RS resources, each associated with only one spatial adaptation pattern. By implementation the gNB transmits each different CSI-RS resource in the set with a different spatial element pattern, i.e., different subset of disabled antenna elements. The different CSI-RS resources in the set are configured during different OFDM symbols since only one spatial element pattern can be transmitted at a time. Furthermore, since Type-2 adaptation changes the CSI-RS power relative to SSS, each CSI-RS resource in the set can be configured with a value of powerControlOffsetSS commensurate with the power change corresponding to the Type-2 muting pattern
[bookmark: _Toc134997638]For Type-2 SD adaptation, the different CSI-RS resources for A1-1 revised (agreed in RAN1#112bis-e) can be configured with a different value of powerControlOffsetSS comensurate to the power change that occurs for Type-2 muting.
For reporting of CSI for each adaptation pattern, we think the simplest approach is that multiple CSI reporting corresponding to the different spatial element adaptation patterns are configured within a single CSI-ReportConfig. We think that the same general framework as for PD and Type-1 SD adaptation can be adopted.  While there are several ways to facilitate Type-2 SD adaptation using sub-configurations (e.g. a sub-configuration contains single/multiple resources, etc), we show one approach below.
In Figure 7, we show an example of the framework. The main difference from PD and Type-1 SD adaptation is the sub-configuration content. In this example, a single CSI-ReportConfig is associated with four different trigger states, but the CSI-ReportConfig contains only a single sub-configuration. The only information needed in this sub-configuration is a parameter that indicates that the UE shall report multiple CSIs corresponding to the multiple CSI-RS resources in the CSI-RS resource set (resource set 4) indicated by Trigger State 4. In this example, CSI-RS resource set 4 has 3 CSI-RS resources, corresponding to 3 different Type-2 SD adaptation patterns, respectively. Hence the UE should report N = 3 CSI reports when DCI indicates Trigger State 4. As discussed above, each CSI-RS resource in the CSI-RS resource set is configured with a different value of powerControlOffsetSS commensurate with each of the Type-2 SD adaptation patterns, respectively. We note that this behavior is different than existing specifications wherein if the UE is configured with reportQuantity = ‘CRI-RI-PMI-CQI’ it would report only a single CSI report corresponding to the CSI-RS resource it indicates via CRI. We think that a simple extension could be to define a new report quantity, e.g., ‘Multi-RI-PMI-CQI’ to indicate that the UE shall report multiple CSIs instead of just a single one.
Trigger State 4 contains a parameter which indicates the single sub-configuration in CSI-ReportConfig in a similar fashion as for PD and Type-1 SD adaptation. When this trigger state is indicated by DCI, the UE will know that it shall report N = 3 CSIs. In contrast, Trigger States 1, 2, and 3 the sub-configuration indicator is absent as per existing specifications. In this case, the UE reports only a single CSI corresponding to the measurement on the CSI-RS resource set indicated by the trigger state (resource set 1, 2, and 3, respectively) as in legacy specifications. In this example, resource sets 1, 2, and 3 are configured with a single CSI-RS resource. The CSI-RS resource in each of these 3 sets is the same one as the 1st, 2nd, and 3rd CSI-RS resource in resource set 4, respectively. Like for PD and Type-2 SD adaptation, these trigger states are useful for Phase 2 where only a single CSI report is needed based on the Type-2 SD adaptation pattern that the gNB has selected.



[bookmark: _Ref134715001]Figure 7: depicts how different report config hypotheses are configured for type-2 and indicated by DCI

[bookmark: _Toc134714996][bookmark: _Toc134715658][bookmark: _Toc134715915][bookmark: _Toc134743426][bookmark: _Toc134743488][bookmark: _Toc134743537][bookmark: _Toc134743619][bookmark: _Toc134743683][bookmark: _Toc134743742][bookmark: _Toc134743856][bookmark: _Toc134778686][bookmark: _Toc134778730][bookmark: _Toc134778771][bookmark: _Toc134714997][bookmark: _Toc134715659][bookmark: _Toc134715916][bookmark: _Toc134743427][bookmark: _Toc134743489][bookmark: _Toc134743538][bookmark: _Toc134743620][bookmark: _Toc134743684][bookmark: _Toc134743743][bookmark: _Toc134743857][bookmark: _Toc134778687][bookmark: _Toc134778731][bookmark: _Toc134778772][bookmark: _Toc134714998][bookmark: _Toc134715660][bookmark: _Toc134715917][bookmark: _Toc134743428][bookmark: _Toc134743490][bookmark: _Toc134743539][bookmark: _Toc134743621][bookmark: _Toc134743685][bookmark: _Toc134743744][bookmark: _Toc134743858][bookmark: _Toc134778688][bookmark: _Toc134778732][bookmark: _Toc134778773][bookmark: _Toc131706793][bookmark: _Toc134997660]For Type-2 SD adaptation, support a sub-configuration within CSI-ReportConfig that indicates to the UE that it should report multiple CSIs in case a trigger state points to a CSI-RS resource set within CSI-ResourceConfig that contains multiple CSI-RS resources. 
e. [bookmark: _Toc134997661]For example, the new reportQuantity in the sub-configuration can be called ‘multi-RI-PMI-CQI.’ The UE uses the legacy parameter reportQuantity if the trigger state does not indicate a sub-configuration. 

Phase 2 (Indication of Type-2 SD adaptation)

Based on UE feedback for multiple Type-2 SD adaptation patterns as well as other energy saving criteria, the gNB selects an appropriate pattern. In Phase 2, the gNB then indicates to the UE the selected spatial adaptation pattern it should use when triggered for future CSI measurement/reporting. We note that since the pattern is actually transparent to the UE for Type-2, all that is needed is a mechanism to indicate to the UE the correct value of powerControlOffsetSS to use in CSI reporting.
As shown in Figure 7 above, the indication of a single SD adaptation pattern is achieved very simply by the gNB signaling a codepoint of the CSI request field in DCI 0_1/0_2 that corresponds to either Trigger States 1, 2, or 3 in CSI-AperiodicTriggerStateList or CSI-SemiPersistentOnPUSCH-TriggerStateList. As described in the previous section, each of these trigger states is associated with a different CSI-RS resource with a different configured value of powerControlOffsetSS commensurate with the different Type-2 SD adaptation patterns. In this way the gNB can indirectly indicate to the UE which pattern is selected. Moreover, the UE will use the appropriate value of powerControlOffsetSS when it prepares its CSI report during Phase 2.

Aspects common to both power and spatial domain adaptation

Given the progress on both spatial and power domain adaptation in last two meetings, it is now feasible to identify common aspects that may be applicable for both adaptations. As can be seen from proposals in previous sections, suitable set-up of sub-configurations can be used to enable the different types of adaptations. Moreover, the trigger state mechanism for aperiodic/semi-persistent CSI reporting on PUSCH can also be commonly applicable. In addition, both power and spatial domain adaptation may be simultaneously applicable, e.g. where sub-configurations contain the indication for (N1,N2), port subsets as well as the powerControlOffset. 
[bookmark: _Toc134743381][bookmark: _Toc134778642][bookmark: _Toc134997639]The framework in which sub-configurations are configured in CSI-ReportConfig and triggered via trigger states allows for combined spatial and power adaptations.
[bookmark: _Toc134743431][bookmark: _Toc134743493][bookmark: _Toc134743542][bookmark: _Toc134743624][bookmark: _Toc134743688][bookmark: _Toc134743747][bookmark: _Toc134743861][bookmark: _Toc134778691][bookmark: _Toc134778735][bookmark: _Toc134778776][bookmark: _Toc134997662]Type 1 SD and PD adaptations can be jointly configured (in sub-configurations) and reported.
Regarding CSI report payload reduction/optimization, at least for CSI reporting on PUSCH, there is less need for such mechanism as larger payloads can be carried over PUSCH. Therefore, as discussed in last meeting, the baseline case without such reductions/optimizations should also be supported.
[bookmark: _Toc134997663]For SD/PD adaptation with CSI reporting on PUSCH, at least the case without CSI report payload reduction/optimization is supported.

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1	CSI-RS transmissions are often shared by more than one UE and occupy only a few time/frequency resources.
Observation 2	When it comes to power domain energy savings, it is the PDSCH Tx power adaptation, rather than that of CSI-RS, that brings most of the energy savings for the gNB.
Observation 3	In practice, a gNB occasionally needs estimates on different hypotheses from the UE, therefore aperiodic and semi-persistent multi-hypotheses estimates and reports from the UE are most practical.
Observation 4	For PD adaptation, CSI reporting on PUSCH (aperiodic, or semi-persistent) requires the least amount of standardization effort.
Observation 5	According to the WID, the enhancements for Type-2 spatial element adaptation are not applicable for SSB and for PDCCH in symbols that UEs monitor for common search spaces (CSS).
Observation 6	For Type-2 SD adaptation, the different CSI-RS resources for A1-1 revised (agreed in RAN1#112bis-e) can be configured with a different value of powerControlOffsetSS comensurate to the power change that occurs for Type-2 muting.
Observation 7	The framework in which sub-configurations are configured in CSI-ReportConfig and triggered via trigger states allows for combined spatial and power adaptations.
[bookmark: _Hlk83889439]
Proposal 1	For PD adaptation techniques, dynamic updates for powerControlOffsetSS are not supported. I.e., do not consider the case where CSI-RS power is dynamically changed.
Proposal 2	For PD adaptation, support one CSI report configuration (CSI-ReportConfig) containing one or multiple CSI report sub-configurations where each sub-configuration corresponds to a different powerControlOffset.
Proposal 3	For PD adaptation with CSI reporting on PUSCH (aperiodic, or semi-persistent), the existing CSI request field in DCI 0_1/0_2 is used for triggering CSI measurement and reporting according to one or multiple sub-configurations of a CSI-ReportConfig.
Proposal 4	For PD adaptation, trigger state indication via DCI 0_1/0_2 is used to dynamically indicate N out of L sub-configurations (each containing a powerControlOffset value) of a CSI-ReportConfig for which the UE shall measure and reports N CSIs.
Proposal 5	For PD adaptation, when a UE receives a codepoint of the CSI request field in DCI corresponding to a trigger state indicating one or multiple sub-configurations that include powerControlOffsets, the UE transmits CSI report including one or multiple CSIs based on the NZP-CSI-RS resource(s) assuming powerControlOffset given by the respective sub-configuration(s).
Proposal 6	For PD adaptation, support at least aperiodic and semi-persistent CSI reporting on PUSCH.
Proposal 7	For SD adaptation, confirm the working assumption (from RAN1#112-bis-e) that both A1-1-revised and A1-2-revised are supported.
Proposal 8	For Type-1 SD adaptation, support A1-2-revised (agreed in RAN1#112bis-e meeting).
Proposal 9	For Type-1 SD adaptation, discuss at least the following options for indication of N1,N2 and port subset for a sub-configuration
a.	Option 1: A bitmap that explicitly indicates the ports that belong to the port subset associated with the indicated (N1,N2) for the sub-configuration
b.	Option 2: A row and column that indicates a reference antenna element location within the full array (e.g. N1_start, N2_start). The port subset is implicitly derived based on (N1_start, N2_start) and the indicated (N1,N2) for the sub-configuration.
Proposal 10	For Type-1 SD adaptation, at least the following can be optionally indicated per sub-configuration according to the indicated (N1,N2)
a.	rank restriction
b.	codebook subset restriction
Proposal 11	For Type-1 SD adaptation with CSI reporting on PUSCH (aperiodic, or semi-persistent), the existing CSI request field in DCI 0_1/0_2 is used for triggering CSI measurement and reporting according to one or multiple sub-configurations of a CSI-ReportConfig.
Proposal 12	For Type-1 SD adaptation, trigger state indication via DCI 0_1/0_2 is used to dynamically indicate N out of L sub-configurations of a CSI-ReportConfig for which the UE shall measure and reports N CSIs.
Proposal 13	For Type-1 SD adaptation, when a UE receives a codepoint of the CSI request field in DCI corresponding to a trigger state indicating one or multiple sub-configurations, the UE transmits CSI report including CSI results corresponding to the one or multiple of indicated sub-configurations.
Proposal 14	For Type-1 SD adaptation and CSI reporting on PUSCH, at least the case without CSI report payload reduction/optimization is supported.
Proposal 15	Type-2 spatial element adaptation enhancement is not supported in symbols configured with periodic CSI-RS. I.e., updates to powerControlOffsetSS are not supported for periodic CSI-RS.
Proposal 16	For Type-2 SD adaptation, support A1-1-revised (agreed in RAN1#112bis-e meeting).
Proposal 17	For Type-2 SD adaptation, support a sub-configuration within CSI-ReportConfig that indicates to the UE that it should report multiple CSIs in case a trigger state points to a CSI-RS resource set within CSI-ResourceConfig that contains multiple CSI-RS resources.
a.	For example, the new reportQuantity in the sub-configuration can be called ‘multi-RI-PMI-CQI.’ The UE uses the legacy parameter reportQuantity if the trigger state does not indicate a sub-configuration.
Proposal 18	Type 1 SD and PD adaptations can be jointly configured (in sub-configurations) and reported.
Proposal 19	For SD/PD adaptation with CSI reporting on PUSCH, at least the case without CSI report payload reduction/optimization is supported.
 References
[bookmark: _Ref100840818][bookmark: _Ref134436157][bookmark: _Ref31646358]RP-230566, 3GPP TSG RAN Meeting #99, Rotterdam, Netherlands, March 20-23, 2023; WID revision: Network energy savings for NR

List of agreements

[bookmark: _Toc129883714]RAN1#112

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.

[bookmark: _Toc129883715]RAN1#112bis-e

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.

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 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
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 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 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

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 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

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.

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.


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

Conclusion
From RAN1 perspective, there is no action needed for the LS R1-2302288 from SA5 this time.
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