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In RANP#98 meeting, a new work item of “network energy savings for NR” is approved [1]. One objective of the work item is the following:
3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
In this contribution, we provide our views on the potential enhancements on CSI measurement and reporting for network dynamic adaptation of spatial elements.
Discussion
A brief of legacy CSI framework
In legacy CSI framework, NR support different types of CSI reporting including periodic, semi-persistent and aperiodic reporting. In the scope of network energy saving in particular for dynamic adaptation of spatial element, the network naturally aims to collect the CSI information in different spatial element settings so that the network will be able to efficiently serving UEs according to the adapted spatial element. 
For periodic CSI measurement and reporting, the report setting and the resource setting are RRC configured, the network may naturally configures multiple report configurations corresponding to different spatial elements. To realize appropriate CSI reporting for different spatial elements, the network however needs to periodically adapt the spatial element according to the configured periodic CSI-RS resource. Not only is this inefficient, but also it may impose the scheduling restrictions. Therefore, from our understanding, periodic CSI measurement and reporting is not suitable for dynamic spatial element adaptation. 
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Fig. 1: periodic CSI measurement and reporting for dynamic spatial element adaptation
For semi-persistent CSI measurement and reporting, although the reporting and CSI-RS resources are periodic same as periodic CSI reporting, the network can use MAC-CE or DCI to dynamically switch on/off the measurement and reporting process.  Nevertheless, once the SP-CSI reporting is activated it faces the same issue as P-CSI reporting. Thus, from our view, semi-persistent CSI measurement and reporting is also not suitable for dynamic spatial element adaptation. 
For aperiodic CSI measurement and reporting, the reporting setting is associated with trigger state. A UE can be configured with a set of trigger state, each being associated with different spatial element. The network may dynamically trigger a trigger state and the UE performs CSI measurement and reporting when receives the trigger DCI. In this sense, the aperiodic CSI measurement and reporting is the most suitable operation for the case of dynamic spatial element adaptation. 
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Fig. 2: aperiodic CSI measurement and reporting for dynamic spatial element adaptation

Observation 1: P/SP-CSI reporting may not be suitable for dynamic spatial element adaptation.
Proposal 1: RAN1 focuses on AP-CSI measurement and report to accommodate to dynamic spatial element adaptation. 
AP-CSI reporting in NWES
In legacy system for AP-CSI reporting, the trigger state is associated with NZP-CSI-RS resource set corresponding to a given spatial element. Thus, if the network intends collect the UE CSI information corresponding to different spatial element settings, one straightforward way is to configure different trigger state being associated with different spatial element settings. Then the network can dynamically select a target trigger state as shown in Fig. 3. In this respect, it seems that the legacy AP-CSI reporting mechanism can already support the dynamic triggering CSI for different spatial element settings. 
[image: ]
Fig. 3: legacy aperiodic CSI trigger state associated with spatial element to achieve spatial element adaptation
The restriction for the legacy AP-CSI reporting is that the DCI triggering can only trigger one CSI-RS resource set once a time corresponding to one spatial element setting. This means that if network wants to collect CSI information for different spatial element, they must be triggered separately.  A potential enhancement on the efficiency for AP-CSI reporting is to allow the DCI to trigger more than one CSI-RS resource set for channel measurement and each resource set corresponds to a dedicated spatial element as shown in Fig. 4. As a result, the  PUSCH scheduled by the trigger DCI will include the SCI information of all the triggered AP-CSI measurements. 
[image: ]
Fig. 4: enhancement to allow single DCI to trigger multitple AP-CSI reporting with different spatial element 
Proposal 2: RAN1 may consider the enhancement to allow single DCI to trigger multiple AP-CSI reporting with difference spatial elements.  
Conclusion
This contribution discusses our considerations on GNSS operation enhancements and provides the following observations and proposals.
Observation 1: P/SP-CSI reporting may not be suitable for dynamic spatial element adaptation.
Proposal 1: RAN1 focuses on AP-CSI measurement and report to accommodate to dynamic spatial element adaptation. 
Proposal 2: RAN1 may consider the enhancement to allow single DCI to trigger multiple AP-CSI reporting with difference spatial elements.  
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