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1. Introduction
At RAN1#112 meeting, following agreements on techniques of spatial and power domain are achieved [1]:

	Agreement
· For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled
· For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”
· For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration
· For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.
· For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included
· For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline.
· Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.



In this contribution, we share our views on spatial and power domain techniques for network energy saving.

2. CSI enhancement 
In this section, we show our views on several issues of CSI enhancement for efficient spatial and power adaptation.    
2.1. Association between CSI resource and spatial pattern 
Following agreement related to association between CSI resource and spatial pattern is achieved at RAN1#112 meeting. Two association approaches are provided.    

	· For spatial element adaptation, further study the following. 
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern. 
· FFS: Details on how the association is done 
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns. 
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns” 



From our consideration, A1-1) of above is similar as legacy that one CSI-RS configuration is associated with one spatial pattern. A1-1) can support both Type 1 and Type 2 spatial adaptation. If large number of CSIs corresponding to different spatial patterns will be reported, the same or greater number of CSI resource configurations should be configured in advance. It may increase the gNB configuration complexity and indication payloads. In this sense, A1-2) of above should be supported.      
For A1-2), there are 3 options considering which of CSI-RS resource, CSI-RS resource set or CSI-RS resource setting is associated with one or more spatial patterns. We compare these options in Table 1 as following on whether it can support Type 1 and Type 2 adaptation or not. 
For Opt.1, one CSI-RS resource, i.e., one NZP-CSI-RS resource, is associated with one or more spatial patterns. If these spatial patterns are the assumptions of Type 1 adaptation with different port number, e.g., obtaining CSIs with port number of 2, 4 and 8 by measuring an 8-port NZP-CSI-RS resource, Opt.1 can support it well. But if these spatial patterns are assumptions of Type 2 adaptation with different beam-forming characteristic but same port number, Opt.1 cannot support that since one NZP-CSI-RS resource can just support one beam-forming assumption. 
For Opt.2, one CSI resource set, i.e., one NZP-CSI-RS-ResourceSet which may contain multiple CSI-RS resources, is associated with one or more spatial patterns. As Opt.1 with single CSI-RS resource already supports Type 1 adaptation, Opt.2 with multiple CSI-RS resources can support Type 1 adaptation as well. Furthermore, as one CSI-RS resource can be associated with one Type 2 pattern, then multiple CSI-RS resources within a CSI-RS resource set can be associated with multiple Type 2 patterns. In this sense, Opt.2 can support Type 2 adaptation as well. 
For Opt.3, one CSI resource setting, i.e., one CSI-ResourceConfig which may contain multiple NZP-CSI-RS-ResourceSet, is associated with one or more spatial patterns. It can support Type 1 adaptation as Opt.1 and Opt.2. Furthermore, Opt.3 can also support Type 2 adaptation by the approach of Opt.2 or by approach of one CSI resource set associated with one Type 2 spatial pattern, and multiple CSI resource sets within the CSI resource setting are associated with multiple Type 2 spatial patterns.     
In summary, Opt.2 and Opt.3 can support both Type 1 and Type 2 adaptation. But Opt.1 can support Type 1 adaptation only. 

Table 1: Options of resource association of A1-2)
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In the purpose of achieving both Type 1 and Type 2 spatial adaptation, Opt.2 or Opt.3 should be supported. 

Proposal 1:
· For association between CSI resource and spatial pattern, A1-2) should be supported. Furthermore, to achieve both Type 1 and Type 2 spatial adaptation, Opt.2 or Opt.3 of following can be supported. 
· Opt.1: Each CSI-RS resource associated with one or more spatial adaptation patterns.  
· Opt.2: Each CSI-RS resource set associated with one or more spatial adaptation patterns.
· Opt.3: Each CSI-RS resource setting associated with one or more spatial adaptation patterns.

2.2. Association between CSI report configuration and spatial pattern 
Following agreement related to association between report configuration and spatial pattern is achieved at RAN1#112 meeting. Two association approaches are provided.    

	· For spatial element adaptation, further study the following.
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern.
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.



From our consideration, A2-1) is similar as legacy that one CSI report configuration is associated with one spatial pattern. It can support both Type 1 and Type 2 spatial adaptation. If large number of CSIs corresponding to different spatial patterns will be reported, the same number of CSI report configurations should be configured in advance. But the number of CSI report configuration for CSI reporting is restricted by high layer parameters, such as maxNumberPeriodicCSI-PerBWP-ForCSI-Report with maximum value of 4, then the flexibility of configuration is limited. In this sense, A2-2) in which one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponding to one spatial adaptation pattern should be supported. 
On top of that, A2-2) of above can be used together with A1-2) according to the discussion in Section 2.1. With the combination of A1-2) and A2-2), one CSI report configuration with multiple sub-configurations can be configured to measure one CSI resource set/resource setting associated with one or more spatial adaptation patterns.

Proposal 2:
· For association between CSI report configuration and spatial pattern, A2-2) should be supported. On top of that, A2-2) can be used together with A1-2), e.g., one CSI report configuration with multiple sub-configurations can be configured to measure one CSI resource set/resource setting associated with one or more spatial adaptation patterns. 

Furthermore, the codebook configuration should be enhanced to support multiple spatial adaptation patterns. Current codebook configuration assumes one assumption of port number. For Type 1 adaptation with different port numbers, codebooks corresponding to the port numbers should be configured. For Type 2 adaptation with different beamforming characteristic but same port number, common codebook configurations could be used for different Type 2 spatial assumptions. 

Proposal 3:
· Codebook configuration should be enhanced by configuring common or separated codebooks for multiple spatial assumptions to achieve Type 1 or Type 2 adaptation. 

2.3. Reporting with overhead reduction 
Following agreement related to reporting with overhead reduction is achieved at RAN1#112 meeting.    

	· For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g.
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)



From our consideration, mechanism of multiple CSI(s) reported in a joint CSI report should be supported as some of the reporting contents between CSIs are the same or similar, then further overhead reduction, such as reporting once across CSIs, reporting the joint coded field across CSIs, or reporting the difference between CSIs, can be conducted.  
Table 2 shows the reporting contents of CSI quantities are the same or different across CSIs with spatial or power adaptation. In the table, the power adaptation is regarded as Type 3 adaptation. For Type 1 adaptation, CRI is the same for CSIs with different port numbers, then reporting one CRI across these CSIs is reasonable. For Type 3 adaptation, CRI, RI, and PMI may be the same for CSIs with different power levels, then only report one CRI, RI, PMI across these CSIs is reasonable.  
Secondly, a joint coded field across same quantity of different CSIs can be considered. For Type 1 adaptation, the RI may be reduced for the spatial assumptions with the reduced number of CSI-RS ports. For example, if rank=4 is derived by measuring 8 port CSI-RS then rank=2 or rank=1 could be obtained by measuring 4 port and 2 port CSI-RS. If the CSIs are reported with an ordering of descending on number of ports of CSI-RS, the RIs of these CSIs may descended as well. In this sense, the RIs for these CSIs could be jointly coded to save the reporting payloads.  
Furthermore, reporting the difference across same quantity of different CSIs can also be considered. For Type3 adaptation, if the CRI, RI, and PMI is the same across CSIs, the CQI difference between the CSI with reduced power and CSI with highest power level could be reported to reduce the feedback payloads.  

Table 2: contents of CSI quantities are same or different across CSIs with spatial/power adaptation
[image: ]

Proposal 4:
· The mechanism of multiple CSI(s) reported in a joint CSI report should be supported.

Proposal 5:
· The overhead reduction mechanism of following can be considered to reduce the CSI report payload.
· Reporting once if CSI contents are the same across reported CSIs. 
· E.g., reporting one CRI for CSIs with Type 1 adaptation.  
· Reporting a joint coded field 
· E.g., reporting a joint coded RI for CSIs with reduced number of CSI-RS ports. 
· Reporting the difference between CSIs.
· E.g., reporting CQI difference across CSIs with power adaptation.  

For the mechanism of UE selects CSI(s) to be reported, from our consideration, the complexity of UE measurement is not reduced as the UE may need to measure all the configured CSIs before selecting the CSI to be report. How the UE to select the reported CSI(s) to help the gNB to take the adaptation decision should be further clarified. 

Proposal 6:
· The benefits of the mechanism of UE selecting CSI(s) to be reported should be further clarified. 
 
3. Beam management enhancement       
For measurement and data reception at UE side, a TCI state is configured with one or two associated RS resource(s) as QCL reference. UE could reuse some of the largescale properties, such as delay spread, doppler spread and average gain, of QCL reference for measurement and data reception. But with the dynamic spatial and power adaptation, the largescale property between the QCL reference (RS configured in TCI state) and QCL target (RS/PDCCH/PDSCH) may be changed then invalid. In case of invalidation of TCI, a fast TCI switch mechanism corresponding to dynamic spatial and power adaptation, should be investigated and supported.   

Proposal 7:
· Configured TCI may be invalid due to dynamic spatial and power adaptation. An enhanced TCI switch mechanism corresponding to dynamic adaptation should be supported. 

4. Conclusion
In this contribution, we present the following proposals of spatial and power domain techniques for network energy saving.

Proposal 1:
· For association between CSI resource and spatial pattern, A1-2) should be supported. Furthermore, to achieve both Type 1 and Type 2 spatial adaptation, Opt.2 or Opt.3 of following can be supported. 
· Opt.1: Each CSI-RS resource associated with one or more spatial adaptation patterns.  
· Opt.2: Each CSI-RS resource set associated with one or more spatial adaptation patterns.
· Opt.3: Each CSI-RS resource setting associated with one or more spatial adaptation patterns.
Proposal 2:
· For association between CSI report configuration and spatial pattern, A2-2) should be supported. On top of that, A2-2) can be used together with A1-2), e.g., one CSI report configuration with multiple sub-configurations can be configured to measure one CSI resource set/resource setting associated with one or more spatial adaptation patterns. 
Proposal 3:
· Codebook configuration should be enhanced by configuring common or separated codebooks for multiple spatial assumptions to achieve Type 1 or Type 2 adaptation. 
Proposal 4:
· The mechanism of multiple CSI(s) reported in a joint CSI report should be supported.

Proposal 5:
· The overhead reduction mechanism of following can be considered to reduce the CSI report payload.
· Reporting once if CSI contents are the same across reported CSIs. 
· E.g., reporting one CRI for CSIs with Type 1 adaptation.  
· Reporting a joint coded field 
· E.g., reporting a joint coded RI for CSIs with reduced number of CSI-RS ports. 
· Reporting the difference between CSIs.
· E.g., reporting CQI difference across CSIs with power adaptation.  
Proposal 6:
· The benefits of the mechanism of UE selecting CSI(s) to be reported should be further clarified. 
Proposal 7:
· Configured TCI may be invalid due to dynamic spatial and power adaptation. An enhanced TCI switch mechanism corresponding to dynamic adaptation should be supported. 
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