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Introduction
In RAN1 #113, the following agreement on NES in spatial and power domain was achieved.
	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

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





In this contribution, we provide some discussions on network energy saving in spatial and power domain.
CSI feedback enhancement for spatial domain network energy saving
CMR and CSI sub-configuration
In RAN1 #112b and RAN1 #113, the following on CMR and CSI sub-configuration was agreed.
	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.

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 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 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




Based on the agreements, there can be the following two options for the CMR configuration.
· Type 1 SD with A1-2-revised: All the configured CMRs corresponding to each CSI sub-configuration, and the NW can configure different codebooks for different CSI sub-configurations 
· Type 2 SD with A1-1-revised: The configured CMRs corresponding to different CSI sub-configurations, and the NW transmits the CMR in different CSI sub-configurations based on different antenna virtualization weights.
For both options, the CMRs are configured with the same number of ports. 
The remaining issue is the potential additional parameters configured for each CSI sub-configuration for Type2 SD with A1-1 revised. For Type2 SD with A1-1 revised, the NW transmits the CMRs based on different antenna virtualization weight. Therefore, it is similar to Type1 CSI feedback. Thus, no additional configuration is necessary for each CSI sub-configuration.
Proposal 1: For Type2 SD with A1-1 revised, do not support to configure parameter other than “a list of CSI-RS resource ID” in each CSI sub-configuration.

CSI omission 
In RAN1 #113, the following on CSI report was agreed.
	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




For the baseline, in a CSI report, the UE needs to report the CSI for each indicated sub-configuration. Then the remaining issue is how to report the CSIs, especially how to report the CSI for CSI part 2. UE may omit some CSIs in CSI part 2 when the total payload size for CSI report exceeds the maximum payload size. Currently, the CSI omission is in CSI report level. For a CSI report with multiple CSIs for multiple sub-configurations, the CSI omission can be in CSI sub-report level, where each CSI sub-report includes the CSIs for a CSI sub-configuration. Similar to existing CSI omission, the CSI sub-report can be divided into 3 parts: wideband CSI, CSI for even subbands and CSI for odd subbands. The priority for CSI omission can be wideband CSI > CSI for even subbands > CSI for odd subbands. Figure 1 illustrates the CSI omission in CSI sub-report level.
[image: ]
Figure 1: CSI omission in CSI sub-report level
Proposal 2: For a CSI report with multiple CSI sub-configurations configured, support to define the CSI omission priority group in CSI sub-report level, where each CSI sub-report corresponds to one CSI sub-configuration.

CSI report content
It has been agreed that the UE CSIs corresponding to N out of L configured CSI report sub-configurations, it is necessary for the UE to report which N CSI report sub-configurations the reported CSIs corresponding to. Thus, one CSI report sub-configuration indicator (CRSI) should be reported in the CSI report, which can be a L-bit bitmap indicating the CSI report sub-configurations the reported CSIs corresponding to.
Proposal 3: Support the UE to report one CSI report sub-configuration indicator (CRSI) in the CSI report, which indicates the N out of L configured CSI report sub-configurations that the reported CSIs corresponding to.

CSI feedback enhancement for power domain network energy saving
CMR configuration and CSI sub-configuration
In RAN1 #112b, the following on CMR configuration for power domain NES was agreed.
	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.




The remaining issue is whether to support A1-1. Currently A1-2 can achieve the same functionality as A1-1, and A1-1 requires more CMRs, which leads to higher overhead compared to A1-2. Therefore, A1-1 should not be supported.
Proposal 4: Do not support A1-1 (a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values) for power domain adaptation.
Further, it has been agreed that different CSI sub-configurations can correspond to different power offsets. Different power offsets could lead to different CQIs. Usually, lower modulation orders can be achieved for smaller power offsets and higher modulation orders can be achieved for larger power offsets. Then different CQI tables can be fit for different power offsets. Therefore, it is necessary to consider to configure the CQI table in each CSI report sub-configuration.
Proposal 5: Support to configure CQI table in each CSI report sub-configuration with regard to different potential CQIs for different power offsets.
CSI report
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.
Proposal 6: For PD adaptation, if the reported RI in CSI part 1 for two CSI sub-configurations are the same, UE does not report the PMI for the second CSI sub-configuration.
· UE calculates the CQI for the second CSI sub-configuration based on the reported RI, the PMI for the first CSI sub-configuration, and the power offset for the second CSI sub-configuration

PDSCH reception with power domain NES
The UE also needs to aware the actual transmission power backoff for PDSCH with regard to AGC. Usually, the UE performs AGC based on the TRS in the TCI state indicated for the PDSCH. Then if the gNB changes the transmission power for the PDSCH, it is necessary for the gNB to let the UE aware the new power offset between the PDSCH and the TRS. With regard to dynamic power change, a possible way is to introduce a field in DCI format 1_1/1_2 to indicate the power backoff ratio for the scheduled PDSCH.
Proposal 7: With regard to the AGC, support to indicate the transmission power backoff ratio for the scheduled PDSCH by DCI.

Beam management enhancement for network energy saving
In RAN1 #113, the following is agreed on potential BM enhancement for NES.
	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




The first issue is whether NES could have any impact on the BFD. The SSB/CSI-RS for BFD should be always QCLed with the DMRS for PDCCH. Usually, the NW transmits the PDCCH and the SSB/CSI-RS for BFD based on the same beam. The NW may transmit the PDCCH and the SSB/CSI-RS for BFD based on a wider beam or lower transmission power as a result of NES. In that case, if the UE identifies beam failure, it can try to identify a better beam. The NW is able to transmit different CBD RS based on different types of beams. Therefore, it is unnecessary to enhance the BFD procedure. Similarly, it is also unnecessary to change the CBD procedure.
Proposal 8: Do not support BM enhancement for NES.
The second issue is whether to enhance TCI configuration. One method (Method 1) is to configure multiple source RSs for QCL indication in a TCI state and switch such source RSs by L1/L2 signaling. However, current TCI indication can achieve the same functionality. Another method (Method 2) is to configure multiple candidate sets of TCI state(s) for each channel and indicate one of them by L1/L2 signaling. The same functionality can also be achieved by existing TCI indication framework. Therefore, it is unnecessary to enhance the TCI configuration for NES.
Proposal 9: Do not support TCI configuration enhancement for NES.
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: For Type2 SD with A1-1 revised, do not support to configure parameter other than “a list of CSI-RS resource ID” in each CSI sub-configuration.
Proposal 2: For a CSI report with multiple CSI sub-configurations configured, support to define the CSI omission priority group in CSI sub-report level, where each CSI sub-report corresponds to one CSI sub-configuration.
Proposal 3: Support the UE to report one CSI report sub-configuration indicator (CRSI) in the CSI report, which indicates the N out of L configured CSI report sub-configurations that the reported CSIs corresponding to.
Proposal 4: Do not support A1-1 (a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values) for power domain adaptation.
Proposal 5: Support to configure CQI table in each CSI report sub-configuration with regard to different potential CQIs for different power offsets.
Proposal 6: For PD adaptation, if the reported RI in CSI part 1 for two CSI sub-configurations are the same, UE does not report the PMI for the second CSI sub-configuration.
· UE calculates the CQI for the second CSI sub-configuration based on the reported RI, the PMI for the first CSI sub-configuration, and the power offset for the second CSI sub-configuration
Proposal 7: With regard to the AGC, support to indicate the transmission power backoff ratio for the scheduled PDSCH by DCI.
Proposal 8: Do not support BM enhancement for NES.
Proposal 9: Do not support TCI configuration enhancement for NES.
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Wideband CSI for all CSI reports



CSI for even subbands for CSI sub-report 1 
(sub-configuration 1) in CSI report 1



CSI for odd subbands for CSI sub-report 1 
(sub-configuration 1) in CSI report 1



CSI for even subbands for CSI sub-report 2 
(sub-configuration 2) in CSI report 1



CSI for odd subbands for CSI sub-report 2 
(sub-configuration 2) in CSI report 1



CSI for even subbands for CSI sub-report 1 
(sub-configuration 1) in CSI report 2



CSI for odd subbands for CSI sub-report 1 
(sub-configuration 1) in CSI report 2



CSI for even subbands for CSI sub-report 2 
(sub-configuration 2) in CSI report 2



CSI for odd subbands for CSI sub-report 2 
(sub-configuration 2) in CSI report 2



CSI for even subbands for CSI report 3



CSI for odd subbands for CSI report 3
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