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1 [bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
[bookmark: _Ref129681832]A work item on “Spatial and Power Adaptations for network energy savings for NR” completed in RAN1#114 [1] and several agreements were made in the work item meetings. This contribution further discusses remaining aspects of spatial domain adaptation.

2 Spatial domain techniques for network energy saving
2.1 CSI-RS resource counting
For supporting different spatial adaptation patterns, one CSI report configuration containing multiple CSI sub-configurations was agreed in RAN 112bis-e [2]. Further, the following recommendation was agreed for discussion in RAN1 #114bis [3] regarding CSI-RS resource counting. 
	
	For RAN1#115 (Companies are encouraged to study and be ready to make decision in the next meeting)
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 agreed in previous meeting, and 
- X=N for AP-CSI-RS resources
- [X=L for P-CSI-RS resources]
- FFS: X= N or L for SP-CSI-RS resources
- FFS: X= N or L for SP-CSI report
- Support following UE capability parameters for NES:
simultaneous ports at least for per CC
simultaneous resources at least for per CC



Based on the agreement, each CSI-RS resource when referred by M out of X sub-configurations is counted M times as active at the UE. For SP CSI report, N sub-configurations out of L sub-configurations, configured in report setting, is triggered by a DCI or MAC CE. Hence, in SP reporting, the UE is measuring CSI-RS resources associated with the N sub-configurations, which are triggered. Therefore, for SP-CSI report, only the CSI-RS resources corresponding to the N triggered sub-configurations should be counted as active CSI-RS resources. Hence for SP CSI report, X=N is supported. 	Comment by Deepak P M: Can DCI trigger SP report?

Observation 1: A UE measures the CSI-RS resources corresponding to the N sub-configurations triggered.

Proposal 1: For SP-CSI report, X= N is supported.

2.2 NZP CSI-RS for interference measurement
In case of a CSI-RS report configuration with multiple sub-configurations, whether to use NZP CSI-RS for interference measurement (IM) was proposed in FL summary of RAN1#114bis [4]. The proposal was not agreed in the meeting and kept for discussion in next meeting. The proposal is given as below
	Proposal
For NZP CSI-RS resources for IM is supported for NES without port subset


For type 2 adaptation, a report configuration can consist of multiple subconfigurations and each sub configuration is associated with separate set of CSI resources for channel measurement.  In NR, if the NZP CSI-RS resources for IM is allowed, it restricts the CSI-RS resource in the resource set for channel measurement to 1 per report configuration as given below. 
	TS 38.214, section 5.2.1.4.1
--- Omitted ---
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 ---



Hence, for type 2 adaptation, if the NZP CSI-RS resources for IM is supported for NES, one CSI resource will be present in the resource set, which can be linked to one subconfiguration. Hence, allowing NZP CSI-RS resources for IM restricts the number of sub configurations to 1 per report configuration, which is not desirable and violates the motive of including sub configurations for NES. Hence the use of NZP CSI-RS resources for IM is not supported for type 2 SD adaptation in NES.
Observation 2: The use of NZP CSI-RS resources for IM for NES restricts the number of sub-configurations to 1.
Proposal 2: NZP CSI-RS resources for IM is not supported for type 2 SD adaptation in NES.

2.3 CSI (sub-)report dropping
In RAN1#114 [1], the dropping rule for part 2 CSI report per sub configuration was agreed as given below. 
	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


Similar to part 2 wideband CSI dropping, a sub-configuration level dropping of Part 1 CSIs should be introduced if all CSI reports consist of one part. Currently in NR, the UE may omit a portion of CSI reports if the corresponding UCI bits and CRC bits larger than 115 bits based on report level priority. When considering a CSI report with multiple sub-configurations, the occupied UCI bits will increase accordingly. Hence, if legacy dropping behavior per report level is considered, then there will be a loss of all CSI informations for all sub-configurations which will restrict the performance of spatial adaptation. Hence a sub-configuration level omission for Part 1 CSIs should be introduced.
Proposal 3: Part 1 CSIs are dropped per sub-configuration level, in the ascending order of sub-configuration index is supported.

2.4 CSI dropping when not meeting the reference resource requirement
In RAN1 #114bis [3], following recommendation is agreed for further discussion on dropping of CSI report if not meeting the reference resource requirement.
	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


Currently, a UE monitors and report the CSI only for the CSI-RS resources received no later than CSI reference resource. Thus for the case of CSI report configuration with two sub-configurations (sub-config#1 and sub-config#2), each with e.g. two CSI-RS resources, when none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, the UE will not perform measurements for sub-config#1. But, the UE still needs to perform the CSI measurement for sub-config#2 since the CSI-RS Tx occasions of sub-config#2 meet the CSI reference resource requirements. Hence, if the entire CSI report is dropped, it will cause wastage of UE resources and processings. Thus, based on the available measurements at the UE, reporting of the CSI sub-report#2 and dropping the CSI sub-report#1 only is supported.
Proposal 4: For CSI report configuration with e.g., two sub-configurations (sub-config#1 and sub-config#2), if none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, reporting the CSI sub-report#2 only and dropping the CSI sub-report#1 only is supported.
3 Conclusion
In this contribution, we discussed the various aspects in spatial and power domains for NES, the following observations and proposals are made: 
Observation 1: A UE measures the CSI-RS resources corresponding to the N sub-configurations triggered.
Proposal 1: For SP-CSI report, X= N is supported.
Observation 2: The use of NZP CSI-RS resources for IM for NES restricts the number of sub-configurations to 1.
Proposal 2: NZP CSI-RS resources for IM is not supported for type 2 SD adaptation in NES.
Proposal 3: Part 1 CSIs are dropped per sub-configuration level, in the ascending order of sub-configuration index is supported.
Proposal 4: For CSI report configuration with e.g., two sub-configurations (sub-config#1 and sub-config#2), if none of the CSI-RS Tx occasions of sub-config#1 meet the CSI reference resource, reporting the CSI sub-report#2 only and dropping the CSI sub-report#1 only is supported.
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