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

2. Discussion on remaining issues 
2.1  CRI 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. 

In the CR of 38.212 [2], it was already specified that the bit width of a CRI field only considers the number of CSI-RS resources configured in the corresponding csi-ReportSubConfig if it configures a list of CSI-RS resource IDs. The detailed sentences are the highlighted as follow. 
 
	6.3.1.1.2	CSI only [38.212]
<omitted text>
If cqi-BitsPerSubband is configured, this Clause 6.3.1.1.2 applies by taking Subband CQI as Subband differential CQI and replacing the corresponding number of bits 2 by 4.
If csi-ReportSubConfig is configured, for a corresponding CSI sub-report, the bitwidth of a CSI field of the CSI sub-report is determined following the procedure in this clause 6.3.1.1.2 by taking configurations in CSI-ReportSubConfig when applicable. If csi-ReportSubConfig configures a list of CSI-RS resource IDs, for the determination of the bitwdith of a CRI field, the value of  is the number of CSI-RS resources configured in the corresponding csi-ReportSubConfig. 

<omitted text>



Then the related CRI description in Section 5.2.1.4.2 of 38.214 should be modified accordingly. We have following proposal of the modification.   

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. The CR is showed as follow.

	5.2.1.4.2	Report Quantity Configurations [38.214]
<omitted text>
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI', 'cri-SINR', or 'cri-SINR-Capability[Set]Index ', and resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet for channel measurement or if applicable, (k+1)-th entry of associated list of NZP CSI-RS resource(s) in csi-ReportSubConfig, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) or (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet (if configured for CSI-ReportConfig with reportQuantity set to 'cri-SINR' or 'cri-SINR-Capability[Set]Index ') for interference measurement. If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports.
<omitted text>



2.2  NZP-CSI-RS for interference measurement  
In legacy specification, NZP-CSI-RS resource can 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 UE(s). Each NZP CSI-RS port configured for interference measurement corresponds to an interference transmission layer. 
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. So legacy specification on NZP-CSI-RS for IM does not support Type 1 SD. To support NZP-CSI-RS as IMR for Type 1 SD, 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.     

Observation 1:
· Legacy specification on NZP-CSI-RS for IM does not support Type 1 SD.  

Furthermore, legacy specification only allows one CSI-RS resource in the resource set for CM if NZP-CSI-RS is configured for IM.  The detailed sentences are highlighted as follow. As Type 2 SD required multiple NZP-CSI-RS resources for channel measurement, legacy specification does not support Type 2 SD. 
	5.2.1.4.1	Resource Setting configuration [38.214]
<omitted text>
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. 
<omitted text>


To support NZP-CSI-RS as IMR for Type 2 SD, the restriction should be relaxed to allow more than one CSI-RS resource, and the NZP-CSI-RS(s) for IM should be configured in each CSI report sub-configuration.

Observation 2:
· Legacy specification on NZP-CSI-RS for IM does not support Type 2 SD.  

In legacy specification, if NZP-CSI-RS resource of IM is configured, UE should utilize the NZP-CSI-RS resource for IM. It is not a good way that gNB configures NZP-CSI-RS resource for IM but UE does not perform IM on NZP-CSI-RS resource. A common understanding between gNB and UE is needed.

Observation 3:
· Common understanding between gNB and UE is needed on whether the multiple-user interference is considered or not on the reported CSI when NZP-CSI-RS is configured for IM.      

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 2:
· For interference measurement based on NZP-CSI-RS, one of following alternatives can be considered. Considering the limited time and lowest restriction on R18 NES, we slightly prefer Alt.2.  
· Alt.1: NZP-CSI-RS based interference measurement is NOT supported for R18 NES. 
· Alt.2: NZP-CSI-RS based interference measurement is NOT supported for Type 1/2 SD of R18 NES.   
· Alt.3: Enhancement on NZP-CSI-RS based interference measurement is SUPPORTED for R18 NES. 
· NZP-CSI-RS resource(s) for interference measurement can be configured in a CSI report sub-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 (other than 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 3:
· For CPU occupation time, we suggest the following CR highlighted in red.   
	5.2.1.6	CSI processing criteria [38.214]

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) for the CSI report configuration without csi-ReportSubConfig, 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) for the CSI report configuration with csi-ReportSubConfig, 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 reported csi-ReportSubConfig, 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  Other issues 
There are several other issues listed in the Chairman notes of RAN1#114bis [1] for the discussion in RAN1#115 meeting. For some of these issues, we provide our views as follow. 

Proposal 4:  
· We prefer Alt.2, i.e., separately consider the CSI of each sub-configuration.   
	For RAN1#115:
Further discuss in the next meeting for the following case:
A UE configured with CSI report configuration with e.g. two sub-configurations (sub-config#1 and sub-config#2), each with e.g. two CSI-RS resources, none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, i.e. they are later than CSI ref. resource, the UE shall 
· Alt 1: report the CSI report, according to current spec
· Alt 2: report the CSI sub-report#2 only and drop the CSI sub-report#1 only
· Alt 3: drop the entire CSI report



Proposal 5:  
· We prefer no need of specification update as it is a gNB implementation issue. 
	For RAN1#115
· For Type 2 SD adaptation or joint operation of Type 2 SD and PD adaptation, whether the list of NZP CSI-RS resources configured for a sub-configuration is identical to or has no intersection with the list of NZP CSI-RS resources configured for the other sub-configuration(s) within the same CSI-ReportConfig.
· Companies are encouraged to check the example as provided in section 2.5 in R1- 2309647



Proposal 6:  
· For the following first and second bullet, legacy specification can still work. The specification change is not necessary. 
· For the third bullet on codebook and RI restriction, as the codebook size and spatial characteristics are different for different number of antenna ports. Current specification cannot work for Type 1 SD. We are open to discuss the enhancement approaches.   
	For RAN1#115
For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation, 
· ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is configured for each sub-configuration 
· if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the UE expects to be configured with higher layer parameter non-PMI-PortIndication in each sub-configuration
· if all the sub-configurations are configured with port antenna subset indication, the codebook subset restriction, ri restriction, N1 and N2 (and Ng when applicable) should be configured separately in each sub-configuration, instead of being configured in CodebookConfig in the CSI report configuration; otherwise, the CodebookConfig should be configured as legacy in the CSI report configuration.



3. 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. The CR is showed as follow.

	5.2.1.4.2	Report Quantity Configurations [38.214]
<omitted text>
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'cri-RI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI', 'cri-SINR', or 'cri-SINR-Capability[Set]Index ', and resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet for channel measurement or if applicable, (k+1)-th entry of associated list of NZP CSI-RS resource(s) in csi-ReportSubConfig, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) or (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet (if configured for CSI-ReportConfig with reportQuantity set to 'cri-SINR' or 'cri-SINR-Capability[Set]Index ') for interference measurement. If CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports.
<omitted text>



Observation 1:
· Legacy specification on NZP-CSI-RS for IM does not support Type 1 SD.  
Observation 2:
· Legacy specification on NZP-CSI-RS for IM does not support Type 2 SD.  
Observation 3:
· Common understanding between gNB and UE is needed on whether the multiple-user interference is considered or not on the reported CSI when NZP-CSI-RS is configured for IM.      

Proposal 2:
· For interference measurement based on NZP-CSI-RS, one of following alternatives can be considered. Considering the limited time and lowest restriction on R18 NES, we slightly prefer Alt.2.  
· Alt.1: NZP-CSI-RS based interference measurement is NOT supported for R18 NES. 
· Alt.2: NZP-CSI-RS based interference measurement is NOT supported for Type 1/2 SD of R18 NES.   
· Alt.3: Enhancement on NZP-CSI-RS based interference measurement is SUPPORTED for R18 NES. 
· NZP-CSI-RS resource(s) for interference measurement can be configured in a CSI report sub-configuration. 
Proposal 3:
· For CPU occupation time, we suggest the following CR highlighted in red.   
	5.2.1.6	CSI processing criteria [38.214]

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) for the CSI report configuration without csi-ReportSubConfig, 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) for the CSI report configuration with csi-ReportSubConfig, 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 reported csi-ReportSubConfig, 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 4:  
· We prefer Alt.2, i.e., separately consider the CSI of each sub-configuration.   
	For RAN1#115:
Further discuss in the next meeting for the following case:
A UE configured with CSI report configuration with e.g. two sub-configurations (sub-config#1 and sub-config#2), each with e.g. two CSI-RS resources, none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, i.e. they are later than CSI ref. resource, the UE shall 
· Alt 1: report the CSI report, according to current spec
· Alt 2: report the CSI sub-report#2 only and drop the CSI sub-report#1 only
· Alt 3: drop the entire CSI report



Proposal 5:  
· We prefer no need of specification update as it is a gNB implementation issue. 
	For RAN1#115
· For Type 2 SD adaptation or joint operation of Type 2 SD and PD adaptation, whether the list of NZP CSI-RS resources configured for a sub-configuration is identical to or has no intersection with the list of NZP CSI-RS resources configured for the other sub-configuration(s) within the same CSI-ReportConfig.
· Companies are encouraged to check the example as provided in section 2.5 in R1- 2309647



Proposal 6:  
· For the following first and second bullet, legacy specification can still work. The specification change is not necessary. 
· For the third bullet on codebook and RI restriction, as the codebook size and spatial characteristics are different for different number of antenna ports. Current specification cannot work for Type 1 SD. We are open to discuss the enhancement approaches.   
	For RAN1#115
For Type 1 SD adaptation, or joint operation of Type 1 SD and PD adaptation, 
· ‘typeI-SinglePanel-codebookSubsetRestriction-i2’ is configured for each sub-configuration 
· if a UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RI-CQI', the UE expects to be configured with higher layer parameter non-PMI-PortIndication in each sub-configuration
· if all the sub-configurations are configured with port antenna subset indication, the codebook subset restriction, ri restriction, N1 and N2 (and Ng when applicable) should be configured separately in each sub-configuration, instead of being configured in CodebookConfig in the CSI report configuration; otherwise, the CodebookConfig should be configured as legacy in the CSI report configuration.
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