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Introduction
In RAN1 #114, the following agreement on NES in spatial and power domain was achieved.
	Conclusion
· No further work on BM enhancements for R18 NES. 
· No further work on TCI configuration enhancement for R18 NES. 

Conclusion
· No further enhancements for PMI reduction in R18 NES.
· No further enhancements for RI reduction in R18 NES. 
· No support of UE reporting PDSCH power reduction tolerance in R18 NES. 

Agreement
For SD and/or PD adaptation without UE complexity reduction, CPU counting of A/SP-CSI reporting is based on  for CSIs reporting corresponding to N indicated sub-configurations from L configured sub-configurations in a CSI report.

Agreement
For sub-configuration triggering of A-CSI, an indication for N sub-configurations out of L sub-configurations for a triggering state is configured in CSI-AssociatedReportConfigInfo.   
No change to current CSI request field in DCI.

Conclusion
There is no consensus to support the following:
Option 1: support indication of spatial and/or transmission power adaptation in one of the following approaches (same approach for SD and PD adaptation) in addition to the agreed triggering/activation signalling
· Alt 1: MAC-CE/RRC for indication of corresponding subConfig ID that gNB has applied as adaptation
· Note: need to take this RAN2 LS in R1-2306380 into account
· Alt 2: UE specific DCI
· A new field in existing non-fallback UE specific DCI formats is introduced
· If agreed, the number of bits are to be discussed at CR stage

Agreement
· For each sub-configuration in a CSI reportConfigeportConfig, for Type 1 SD adaptation only, and Type 2 SD adaptation only, support, 
· {codebookConfig (for Type 2 SD only) is common for all sub-configurations
· {reportQuantity, reportFreqConfiguration} is not configured in any sub-configuration and the legacy/original parameters are used for all sub-configurations. 
· cqi-Table is common for all sub-configurations
· for indicating # of ports in a port subset = 2, legacy IE twoTX-CodebookSubsetRestriction can be used for this subConfig in Type 1 SD.

Conclusion
No simultaneous configuration of Type 1 SD and Type 2 SD adaptation in a same CSI report configuration

Agreement
For power domain adaptation only, 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
· Each sub-configuration contains an offset value (e.g. X) that is commonly applied to all the resources within the resource set. For a CSI-RS resource in CSI resource configuration, the PDSCH to CSI-RS EPRE offset (e.g. Y) for CSI calculation is determined based on powerControlOffset (e.g. Z) value in CSI resource configuration and the offset value configured in CSI sub-configuration in the report configuration.
· Only legacy values are applicable for the resulted power control offset values
· It is expected that the sub-configuration leads to a value no larger than power control offset value provided in CSI resource configuration

Agreement
For joint operation of SD and PD, each subConfig contains corresponding parameters for an SD adaptation and/or parameters for a PD adaptation

Agreement
For sub-configuration triggering of SP-CSI on PUSCH report, an indication for N sub-configurations out of L sub-configurations for a triggering state is configured in CSI-SemiPersistentOnPUSCH-TriggerState.   
· No change to current CSI request field in DCI.

Agreement
Down-select from the below for priority rule determination for CSI reporting of multiple sub-configurations
· Option 1: The priority of the CSI report containing CSIs for multiple sub-configurations, is determined according to the clause 5.2.5 of TS 38.214.
· 1-b) A sub-configuration level priority is determined by the order of sub-configuration index. For Part 2 CSI corresponding to each sub-configuration, omission is at subConfig level. Follow legacy dropping rules for a CSI report containing multiple CSIs.
· CSI mapping rule across sub-configurations follow legacy specification principle
· Sub-configuration index with lower value has higher priority
· Sub-configuration index is configured in CSI report config

Agreement
For CSIs across multiple sub-configurations in one CSI reportConfigeportConfig map different sub-configurations based on RAN1#114 agreement in 9.7.1
· For Part 2 priority reporting level
· Option 1: for a given band type from {wideband, even subband, odd subband}, the omission order follows the priority order determined by sub-configuration index 

Agreement
For N(>1) CSIs reporting with multiple sub-configurations without payload/complexity reduction, 
· Each CSI can be a single-part, or two-part CSI, and contains the same types of CSI parameters/quantities as legacy, when applicable/if reported;
· The mapping order of CSI fields of one sub-configuration is as legacy mapping order of CSI fields of one CSI report;
· Part 2 CSI priority reporting level follows wideband CSI first, then even subband CSI and odd subband CSI;

Agreement
For a CSI report configuration containing sub-configuration(s), if a CSI-RS resource is referred by M sub-configurations among X sub-configurations, the CSI-RS resource is counted M times and CSI-RS ports within the CSI-RS resource are counted by
· Option 2A:  for Type 1 SD adaptation, and  for Type 2 SD or PD adaptation.
·  is nrofPorts configured in NZP-CSI-RS-Resource and  is the number of CSI-RS ports in sub-configuration s derived from port subset indication.
· It is understood that further discussions are necessary

Agreement
For Type 1 SD for multi-panel case, 
· Introduce a new mixed codebook combination {Type 1 Single Panel, Type 1 Multi Panel, Null} in R18 for FG codebookComboParameterAddition (indicating the UE supports the mixed codebook combinations in a slot)
· Note: gNB can configure either Type 1 single panel codebook or Type 1 multi-panel codebook for a sub-configuration from one or multiple sub-configurations within one CSI report configuration if a UE reports support of multi-panel operation. 





In this contribution, we provide some discussions on the remaining issues for network energy saving in spatial and power domain.
Discussion
IMR configuration
In RAN1 #112b and RAN1 #113, the following on CMR and CSI sub-configuration for Type 2 SD adaptation was agreed, where the NW can configure a list of CSI-RS resource ID for Type2 SD adaptation. 
	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




Reason for change:
It is unclear whether the list of CSI-RS resources in each sub-configuration is for channel measurement or interference measurement according to current spec. Further, it is unclear how to identify the associated IMR for each CMR configured in each sub-configuration for Type2 SD adaptation with A1-1-revised. The IMR and CMR must be one-to-one associated so that the UE can use the same Rx beam to receive the IMR and CMR. Therefore, one possible way is to configure a list of IMR in each sub-configuration for Type2 SD adaptation with A1-1-revised, and the IMR and CMR within each sub-configuration is one-to-one associated.
Summary of change:
Clarify the list of CSI-RS resources in each sub-configuration is for channel measurement, introduce a list of IMR in each sub-configuration for Type2 SD adaptation with A1-1-revised, and define that the IMR and CMR within each sub-configuration is one-to-one associated
Consequence if not approved:
The associated IMR for the CMR configured in each sub-configuration is unclear.
Proposal 1: Endorse the following TP for 38.214 to configure an IMR list in each sub-configuration for Type2 SD adaptation with A1-1-revised, and to define the IMR and CMR within each sub-configuration is one-to-one associated.
	[bookmark: _Toc11352109][bookmark: _Toc20317999][bookmark: _Toc27299897][bookmark: _Toc29673164][bookmark: _Toc29673305][bookmark: _Toc29674298][bookmark: _Toc36645528][bookmark: _Toc45810573][bookmark: _Toc130409773]5.2.1.1	Reporting settings
<omitted text>
[bookmark: _Hlk144373001][bookmark: _Hlk136520207]The time domain behavior of the CSI-ReportConfig is indicated by the higher layer parameter reportConfigType and can be set to '‘aperiodic'’, '‘semiPersistentOnPUCCH'’, '‘semiPersistentOnPUSCH'’, or '‘periodic'’. For '‘periodic'’ and '‘semiPersistentOnPUCCH'’/'’semiPersistentOnPUSCH'’ CSI reporting, the configured periodicity and slot offset applies in the numerology of the UL BWP in which the CSI report is configured to be transmitted on. The higher layer parameter reportQuantity indicates the CSI-related, L1-RSRP-related, L1-SINR-related or CapabilityIndex-related quantities to report. The reportFreqConfiguration indicates the reporting granularity in the frequency domain, including the CSI reporting band and if PMI/CQI reporting is wideband or sub-band. The timeRestrictionForChannelMeasurements parameter in CSI-ReportConfig can be configured to enable time domain restriction for channel measurements and timeRestrictionForInterferenceMeasurements can be configured to enable time domain restriction for interference measurements. The CSI-ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I, Type II, Enhanced Type II CSI, or Further Enhanced Type II Port Selection including codebook subset restriction when applicable, and configurations of group-based reporting. A UE is not expected to be configured with a CSI report setting associated with a dormant DL BWP if the reportConfigType is set to ‘aperiodic’. A CSI-ReportConfig can contain a list of sub-configurations, provided by the higher layer parameter [csi-ReportSubConfigList], where each sub-configuration is identified by [csi-ReportSubConfigID] and corresponds to a list of one or more CSI-RS resources for channel measurement and a list of one or more CSI-IM and/or CSI-RS resources for interference measurement or corresponds to a CSI-RS antenna port subset, and/or corresponds to a power offset for PDSCH relative to CSI-RS. A UE is not expected to be configured with a CSI-ReportConfig that contains a mix of sub-configuration(s) each corresponding to a list of one or more CSI-RS resources and some other sub-configuration(s) each corresponding to CSI-RS antenna port subset.
<omitted text>





Clarify the CSI report dropping behavior when UE fails to receive one of the CMR/IMR
Reason for change:
Current spec (38.214) defines that the UE should drop a CSI report if it fails to receive a CMR/IMR. However, when a CSI report configure includes multiple sub-configurations, it is unclear whether the UE should drop the CSI report when it fails to receive CMR/IMR for a triggered sub-configuration or a configured sub-configuration. 
	After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise.


 
Summary of change:
Clarify that the UE only drops a CSI report if it fails to receive one of the CMR/IMR for a triggered sub-configuration.
Consequence if not approved:
It is unclear whether the UE should drop the CSI report when it fails to receive CMR/IMR for a triggered sub-configuration or a configured sub-configuration
Proposal 2: Endorse the following TP for 38.214 to clarify that the UE only drops a CSI report if it fails to receive one of the CMR/IMR for a triggered sub-configuration.
	[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc130409801]5.2.2.5	CSI reference resource definition
<omitted text>
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise, except when a list of sub-configurations is contained in the CSI-ReportConfig as described in Clause 5.2.1.1.
When a list of sub-configurations is contained in the CSI-ReportConfig, after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource for the triggered sub-configurations and drops the report otherwise. 
<omitted text>




Clarification of powerControlOffset configured for TRS
Currently, the powerControlOffset is provided for each TRS. Current spec also defines that the value of powerControlOffset should be the same for TRS resources in a set as follows, which implies that the indication of the powerControlOffset should still be valid. With regard to NES, the network may reduce the transmission power for PDSCH, but the network cannot reduce the transmission power for TRS. Then it should be clarified whether the powerControlOffset configured in TRS is still valid or not.  
	[bookmark: _Toc11352099][bookmark: _Toc20317989][bookmark: _Toc27299887][bookmark: _Toc29673152][bookmark: _Toc29673293][bookmark: _Toc29674286][bookmark: _Toc36645516][bookmark: _Toc45810561][bookmark: _Toc130409761]5.1.6.1.1	CSI-RS for tracking
<omitted text>
Each CSI-RS resource, defined in Clause 7.4.1.5.3 of [4, TS 38.211], is configured by the higher layer parameter NZP-CSI-RS-Resource with the following restrictions:
-	the time-domain locations of the two CSI-RS resources in a slot, or of the four CSI-RS resources in two consecutive slots (which are the same across two consecutive slots), as defined by higher layer parameter CSI-RS-resourceMapping, is given by one of



-	, , or for frequency range 1 and frequency range 2,







-	, , , , ,  or  for frequency range 2.

-	a single port CSI-RS resource with density  given by Table 7.4.1.5.3-1 from [4, TS 38.211] and higher layer parameter density configured by CSI-RS-ResourceMapping.
-	if carrier , ,  and the carrier is configured in paired spectrum, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is X resource blocks, where  resource blocks if the UE indicates trs-AddBW-Set1 for the trs-AdditionalBandwidth capability for CSI-RS for tracking or addBW-Set1 for the aperiodicCSI-RS-AdditionalBandwidth capability for aperiodic CSI-RS for fast SCell activation and  if the UE indicates trs-AddBW-Set2 for the AdditionalBandwidth capability for CSI-RS for tracking or addBW-Set2 for the aperiodicCSI-RS-AdditionalBandwidth capability for aperiodic CSI-RS for fast SCell activation; in these cases, if the UE is configured with CSI-RS comprising X<52 resource blocks, the UE does not expect that the total number of PRBs allocated for DL transmissions but not overlapped with the PRBs carrying CSI-RS for tracking is more than 4, where all CSI-RS resource configurations shall span the same set of resource blocks; otherwise, the bandwidth of the CSI-RS resource, as given by the higher layer parameter freqBand configured by CSI-RS-ResourceMapping, is the minimum of 52 and  resource blocks, or is equal to  resource blocks. For operation with shared spectrum channel access in FR1, freqBand configured by CSI-RS-ResourceMapping, is the minimum of 48 and  resource blocks, or is equal to  resource blocks.

-	the UE is not expected to be configured with the periodicity of  slots if the bandwidth of CSI-RS resource is larger than 52 resource blocks.


-	the periodicity and slot offset for periodic NZP CSI-RS resources, as given by the higher layer parameter periodicityAndOffset configured by NZP-CSI-RS-Resource, is one of slots where 10, 20, 40, or 80 and where µ is defined in Clause 4.3 of [4, TS 38.211]. 
[bookmark: _Hlk512448230]-	same powerControlOffset and powerControlOffsetSS given by NZP-CSI-RS-Resource value across all resources.



Proposal 3: RAN1 should make a conclusion on whether the RRC parameter powerControlOffset configured in TRS still indicates the power offset between TRS and PDSCH or not when Rel-18 NES is configured.
CSI report for PD adaptation
Reason for change:
For PD adaptation, different power offsets could lead to different ranks. However, if the ranks are the same, different power offsets could result in the same PMI and different CQI. Therefore, it is possible to reduce the CSI overhead for CSI part 2 by skipping PMI for some CSI sub-configurations. If the reported RI in CSI part 1 for two CSI sub-configurations are the same, the UE does not need to report PMI for the second CSI sub-configuration. The gNB can assume the PMI is the same for both CSI sub-configurations.
Summary of change:
If UE reports the same RI in CSI part 1 for sub-configurations associated with different power offsets only, the UE does not report the PMI for sub-configurations other than the first sub-configuration
Consequence if not approved:
The overhead for CSI part 2 could be so high that UE has to drop some CSI part 2, which reduces the necessity and benefit for the CSI report.

Proposal 4: Endorse the following TP for 38.214 to clarify that the UE reports PMI in CSI part 2 for the first sub-configuration among the sub-configurations with the same RI reported.
	[bookmark: _Toc11352132][bookmark: _Toc20318022][bookmark: _Toc27299920][bookmark: _Toc29673191][bookmark: _Toc29673332][bookmark: _Toc29674325][bookmark: _Toc36645555][bookmark: _Toc45810600][bookmark: _Toc130409802]5.2.3	CSI reporting using PUSCH
<omitted text>
[bookmark: _Hlk136421936]-	For Type I CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if reported). Part 2 contains PMI (if reported), LI (if reported) and contains the CQI for the second codeword (if reported) when RI is larger than 4. For a CSI-ReportConfig configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement configured with two Resource Groups and  Resource Pairs, Part 1 contains RI(s), CRI(s), CQI(s) for the first codeword and is zero padded to a fixed payload size (if needed). Part 2 contains the CQI(s) for the second codeword (if reported) when RI is larger than 4, LIs (if reported) and PMI(s). For a CSI-ReportConfig that contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for Type I CSI feedback for one or more of the sub-configurations, Part 1 for a sub-configuration contains corresponding RI (if reported), CRI (if reported), CQI for the first codeword (if reported) and is zero padded to a fixed payload size (if needed). Part 2 for a sub-configuration contains the corresponding CQI for the second codeword (if reported) when RI is larger than 4, LI (if reported) and PMI (if reported). If the list of sub-configurations are configured with a power offset only, when the UE reports the same RI for the triggered sub-configurations, UE reports PMI only for the sub-configuration with the smallest ID.
<omitted text>





Conclusion
In this contribution, we provided discussion on NES in spatial and power domain. Based on the discussion, the following proposals have been achieved.
Proposal 1: Endorse the following TP for 38.214 to configure an IMR list in each sub-configuration for Type2 SD adaptation with A1-1-revised, and to define the IMR and CMR within each sub-configuration is one-to-one associated.
	5.2.1.1	Reporting settings
<omitted text>
The time domain behavior of the CSI-ReportConfig is indicated by the higher layer parameter reportConfigType and can be set to 'aperiodic', 'semiPersistentOnPUCCH', 'semiPersistentOnPUSCH', or 'periodic'. For 'periodic' and 'semiPersistentOnPUCCH'/'semiPersistentOnPUSCH' CSI reporting, the configured periodicity and slot offset applies in the numerology of the UL BWP in which the CSI report is configured to be transmitted on. The higher layer parameter reportQuantity indicates the CSI-related, L1-RSRP-related, L1-SINR-related or CapabilityIndex-related quantities to report. The reportFreqConfiguration indicates the reporting granularity in the frequency domain, including the CSI reporting band and if PMI/CQI reporting is wideband or sub-band. The timeRestrictionForChannelMeasurements parameter in CSI-ReportConfig can be configured to enable time domain restriction for channel measurements and timeRestrictionForInterferenceMeasurements can be configured to enable time domain restriction for interference measurements. The CSI-ReportConfig can also contain CodebookConfig, which contains configuration parameters for Type-I, Type II, Enhanced Type II CSI, or Further Enhanced Type II Port Selection including codebook subset restriction when applicable, and configurations of group-based reporting. A UE is not expected to be configured with a CSI report setting associated with a dormant DL BWP if the reportConfigType is set to ‘aperiodic’. A CSI-ReportConfig can contain a list of sub-configurations, provided by the higher layer parameter [csi-ReportSubConfigList], where each sub-configuration is identified by [csi-ReportSubConfigID] and corresponds to a list of one or more CSI-RS resources for channel measurement and a list of one or more CSI-IM and/or CSI-RS resources for interference measurement or corresponds to a CSI-RS antenna port subset, and/or corresponds to a power offset for PDSCH relative to CSI-RS. A UE is not expected to be configured with a CSI-ReportConfig that contains a mix of sub-configuration(s) each corresponding to a list of one or more CSI-RS resources and some other sub-configuration(s) each corresponding to CSI-RS antenna port subset.
<omitted text>




Proposal 2: Endorse the following TP for 38.214 to clarify that the UE only drops a CSI report if it fails to receive one of the CMR/IMR for a triggered sub-configuration.
	5.2.2.5	CSI reference resource definition
<omitted text>
After the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource and drops the report otherwise, except when a list of sub-configurations is contained in the CSI-ReportConfig as described in Clause 5.2.1.1.
When a list of sub-configurations is contained in the CSI-ReportConfig, after the CSI report (re)configuration, serving cell activation, BWP change, or activation of SP-CSI, the UE reports a CSI report only after receiving at least one CSI-RS transmission occasion for channel measurement and CSI-RS and/or CSI-IM occasion for interference measurement no later than CSI reference resource for the triggered sub-configurations and drops the report otherwise. 
<omitted text>




Proposal 3: RAN1 should make a conclusion on whether the RRC parameter powerControlOffset configured in TRS still indicates the power offset between TRS and PDSCH or not when Rel-18 NES is configured.

Proposal 4: Endorse the following TP for 38.214 to clarify that the UE reports PMI in CSI part 2 for the first sub-configuration among the sub-configurations with the same RI reported.
	5.2.3	CSI reporting using PUSCH
<omitted text>
-	For Type I CSI feedback, Part 1 contains RI (if reported), CRI (if reported), CQI for the first codeword (if reported). Part 2 contains PMI (if reported), LI (if reported) and contains the CQI for the second codeword (if reported) when RI is larger than 4. For a CSI-ReportConfig configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement configured with two Resource Groups and  Resource Pairs, Part 1 contains RI(s), CRI(s), CQI(s) for the first codeword and is zero padded to a fixed payload size (if needed). Part 2 contains the CQI(s) for the second codeword (if reported) when RI is larger than 4, LIs (if reported) and PMI(s). For a CSI-ReportConfig that contains a list of sub-configurations provided by the higher layer parameter [csi-ReportSubConfigList], for Type I CSI feedback for one or more of the sub-configurations, Part 1 for a sub-configuration contains corresponding RI (if reported), CRI (if reported), CQI for the first codeword (if reported) and is zero padded to a fixed payload size (if needed). Part 2 for a sub-configuration contains the corresponding CQI for the second codeword (if reported) when RI is larger than 4, LI (if reported) and PMI (if reported). If the list of sub-configurations are configured with a power offset only, when the UE reports the same RI for the triggered sub-configurations, UE reports PMI only for the sub-configuration with the smallest ID.
<omitted text>
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