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1. Introduction
At the RAN1#114 meeting, agreements on techniques of spatial and power domain were achieved [1]. In this contribution, we provide our views on the remaining issues and high layer parameters of spatial and power domain techniques for network energy saving.

2. Remaining issues 
2.1 CRI definition for Type 2 SD  
In legacy specification, CRI is counted based on the ordering of CSI-RS resource in the corresponding resource set. As a list of CSI-RS resource for CM is configured in CSI report sub-configuration for Type 2 SD, the CRI for Type 2 SD should be counted based on the ordering of CSI-RS resource for CM in the CSI-RS resource list of the sub-configuration. 

Proposal 1:
· For type 2 SD, CRI k (k ≥ 0) corresponding to the (k+1)-th entry of NZP-CSI-RS resource in the list of NZP-CSI-RS Resource for channel measurement of the sub-configuration. 

2.2  Resource for interference measurement  
In legacy specification, both CSI-IM and NZP-CSI-RS can be used for interference measurement. CSI-IM is one kind of zero power CSI-RS. By measuring the CSI-IM REs, UE can estimate the interference from all other neighbor cells. NZP-CSI-RS resource can also be used for interference measurement in case of MU-MIMO. In this case, precoded NZP-CSI-RS is transmitted. By measuring NZP-CSI-RS resource, UE can estimate the interference from transmission for other paired MU-MIMO UEs. Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer. 
Considering above difference, when we discuss the association between IMR and CMR for CSI report sub-configurations, the CSI-IM based IM and NZP-CSI-RS based IM should be discussed separately.  

Proposal 2:
· For interference measurement of each CSI report sub-configuration, CSI-IM based IM and NZP-CSI-RS based IM should be discussed separately when we discuss association between IMR and CMR. 

For CSI-IM, as it is one kind of zero power CSI-RS and the measured interference on CSI-IM comes from other gNBs, the spatial and/or power adaptation of serving gNB has no impact to the measured interference level. 
According to legacy procedure, if interference measurement is performed on CSI-IM, each CSI-RS resource for channel measurement is resource-wise associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. For Type 1 SD, CSI-IM resource set configured in the report configuration can be used for interference measurement. Then UE can follow the legacy procedure to perform CSI-IM based interference measurement. For Type 2 SD, as a list of CSI-RS resource for channel measurement is selected from the resource set for channel measurement, UE can infer the corresponding CSI-IM resource for interference measurement using legacy way. In this sense, legacy approach can be used for CSI-IM based interference measurement. 

Proposal 3:
· For CSI-IM based interference measurement of each CSI report sub-configuration, legacy procedure can be reused.  

For NZP-CSI-RS based interference measurement, the measured interference level on precoded NZP-CSI-RS is highly dependent on the number of antenna ports and number of antennas of each antenna port. 
For Type 1 SD with antenna port adaptation, the precoder for NZP-CSI-RS for interference measurement should be changed according to the number of antenna port. Then different NZP-CSI-RS of IMR for different ports assumption of the same CSI-RS resource for CMR is required. In this case, the NZP-CSI-RS(s) for IM should be configured in each CSI report sub-configuration for Type 1 SD.        
For Type 2 SD with antenna number adaptation for each antenna port, it is not workable when NZP-CSI-RS is configured for IM as legacy specification only allows one CSI-RS resource in the resource set for channel measurement. Details of legacy specification are shown as below. If NZP-CSI-RS for IM is supported for Type 2 SD, such restriction should be relaxed to allow more than one CSI-RS resources in the resource set for channel measurement. If NZP-CSI-RS for IM in the resource set and NZP-CSI for CM in the resource set is one to one associated, there is no need of NZP-CSI-RS for IM configured for each CSI report sub-configurations.   
	TS 38.214, section 5.2.1.4.1
--- omited ---
Except for L1-SINR, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. 
--- omited ---



On the other hand, in case of network energy saving, the opportunity of MU-MIMO transmission is low if the number of antenna port or transmission power is reduced. So, an alternative way is that the interference measurement based on NZP-CSI-RS resource is not supported for spatial adaptation or it is not supported for CSI report sub-configurations.   
Based on above discussion, we have following proposal for interference measurement based on NZP-CSI-RS.
Proposal 4:
· For interference measurement based on NZP-CSI-RS, one of following alternatives can be considered.  
· Alt.1: NZP-CSI-RS based interference measurement is not supported. 
· Alt.2: NZP-CSI-RS resource(s) for interference measurement can be configured in a CSI report sub-configuration.  
· Alt.3: No NZP-CSI-RS resource(s) for interference measurement is configured in a CSI report sub-configuration. UE will perform the NZP-CSI-RS based IM on the resource configured in the resource set of NZP-CSI-RS based IM in report configuration.

2.3  CPU occupation time     
At the RAN1#114 meeting, the agreements on CPU counting were achieved. But the CPU occupation time is not touched yet. Legacy CPU occupation time is defined for CSI-ReportConfig with only one CSI report, but it is not suitable for CSI-ReportConfig with multiple sub-configurations.

For aperiodic CSI report and initial semi-persistent CSI report on PUSCH, the legacy CPU occupation starts after PDCCH triggering and ends at PUSCH carrying the report. For multiple CSIs corresponding to multiple sub-configurations in R18 NES, we can just follow the legacy rule. 

For periodic CSI or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH), enhancement is needed by considering the possibility of multiple CSI reports for one CSI report configuration. We suggest that the CPU occupation starts from first symbol of earliest CSI-RS/CSI-IM/SSB resource among all reported CSIs, until the last symbol of the configured PUSCH/PUCCH carrying all CSI reports. Then we have following proposal.  

Proposal 5:
· For CPU occupation time, we suggest the following CR highlighted in red.   
	CR on TS 38.214, section 5.2.1.6
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) without CSI report sub-configuration, occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) with CSI report sub-configuration, occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement of each of one or multiple reported CSIs corresponding multiple sub-configurations, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.



2.4  Counting of CSI-RS resource and CSI-RS port    
At the RAN1#114 meeting, follow agreement was achieved. But different companies had different preference on the definition of X sub-configuration.  

	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



To aligned with CPU counting, we have the following proposal.

Proposal 6:
· For CSI-RS resource and CSI-RS port counting,    
· For periodic CSI reporting, X sub-configurations corresponding to L sub-configurations configured in the report configuration. 
· For aperiodic and semi-static report, X sub-configurations corresponding to N triggered sub-configurations.

2.5  CSI overhead and complexity reduction 
At the RAN1#114 meeting, following conclusion was achieved that there is no enhancement for RI and PMI reduction in R18 NES. The proposal of common CRI had been extensively discussed during the meeting as well. But the agreement was not achieved due to the limited discussion time. 

	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.



The effectiveness of the feature of spatial and power adaptation in R18 NES is highly related to the number of CSIs that can be reported by the UE. More reported CSI can help the gNB to make better adaptation decision. With the increasing of CSIs to be reported but no enhancement on the CSI overhead and complexity reduction, the feature of spatial and power adaptation would be useless in realistic operation. So, RAN1 should strive to some kind of CSI overhead and UE complexity reduction to enable the effectiveness of the feature. 

We should focus on the enhancement of CRI and CQI in R18. We have the following proposal. 

Proposal 7:
· Support the common CRI reporting across CSIs of sub-configurations. 
· Further discuss the CPU reduction and applicable condition when common CRI is applied. 
· Support the enhancement on wideband differential CQI reporting across CSIs of sub-configurations. The differential CQI can be derived in one of following methods. 
· Alt.1: The differential CQI is obtained by comparing with the reference sub-configuration. 
· Alt.2: The sub-configurations are ordered. The differential CQI is obtained by comparing with previous ordered sub-configuration. 

3. High layer parameters 
According to the moderator’s guidance in section 3 of the summary in [2] and latest parameter list in [3], we show our views on the high layer parameters for spatial and power adaptation on R18 NES. 

At the RAN1#114 meeting, following agreements were achieved that “a triggering state is configured in CSI-SemiPersistentOnPUSCH-TriggerState/CSI-AssociatedReportConfigInfo.”   

	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.
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.



But there was no agreement on indication in CSI-SemiPersistentOnPUSCH-TriggerStateList or CSI-AperiodicTriggerStateList. 
So for the R18 NES high layer parameters in [2], we suggest to remove the rows of “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerSPCSITriggerState]”, and “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerAPCSITriggerState]”.   


Proposal 8:
· For the high layer parameters, remove the rows of “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerSPCSITriggerState]”, and “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerAPCSITriggerState]” 
· i.e., update as follow
[image: ]
4. Conclusion
In this contribution, we provided the following proposals of spatial and power domain techniques for network energy saving.

Proposal 1:
· For type 2 SD, CRI k (k ≥ 0) corresponding to the (k+1)-th entry of NZP-CSI-RS resource in the list of NZP-CSI-RS Resource for channel measurement of the sub-configuration. 
Proposal 2:
· For interference measurement of each CSI report sub-configuration, CSI-IM based IM and NZP-CSI-RS based IM should be discussed separately when we discuss association between IMR and CMR. 
Proposal 3:
· For CSI-IM based interference measurement of each CSI report sub-configuration, legacy procedure can be reused.  
Proposal 4:
· For interference measurement based on NZP-CSI-RS, one of following alternatives can be considered.  
· Alt.1: NZP-CSI-RS based interference measurement is not supported. 
· Alt.2: NZP-CSI-RS resource(s) for interference measurement can be configured in a CSI report sub-configuration.  
· Alt.3: No NZP-CSI-RS resource(s) for interference measurement is configured in a CSI report sub-configuration. UE will perform the NZP-CSI-RS based IM on the resource configured in the resource set of NZP-CSI-RS based IM in report configuration.
Proposal 5:
· For CPU occupation time, we suggest the following CR highlighted in red.   
	CR on TS 38.214, section 5.2.1.6
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) without CSI report sub-configuration, occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) with CSI report sub-configuration, occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement of each of one or multiple reported CSIs corresponding multiple sub-configurations, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.
-	An initial semi-persistent CSI report on PUSCH after the PDCCH trigger occupies CPU(s) from the first symbol after the PDCCH until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.



Proposal 6:
· For CSI-RS resource and CSI-RS port counting,    
· For periodic CSI reporting, X sub-configurations corresponding to L sub-configurations configured in the report configuration. 
· For aperiodic and semi-static report, X sub-configurations corresponding to N triggered sub-configurations.
Proposal 7:
· Support the common CRI reporting across CSIs of sub-configurations. 
· Further discuss the CPU reduction and applicable condition when common CRI is applied. 
· Support the enhancement on wideband differential CQI reporting across CSIs of sub-configurations. The differential CQI can be derived in one of following methods. 
· Alt.1: The differential CQI is obtained by comparing with the reference sub-configuration. 
· Alt.2: The sub-configurations are ordered. The differential CQI is obtained by comparing with previous ordered sub-configuration. 
Proposal 8:
· For the high layer parameters, remove the rows of “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerSPCSITriggerState]”, and “[listOfCSI-ReportSubConfigIDsPerCSIReportConfigIDPerAPCSITriggerState]” 
· i.e., update as follow
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