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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In the first meeting of this work item in RAN1#112, different approaches of spatial domain adaptations were identified, and their implications and specifications support were discussed. Some preliminary agreements made on the different options are listed below.   
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.
Agreement
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”

Agreement
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

In this contribution, discussions on the different options identified above and our views are provided.  

Discussions 
Spatial Adaptation Pattern
For MIMO implementation, the virtual port mapping associated with spatial elements adaptation has been denoted as Type 1 or Type 2 for the purpose of discussion [1], a continuation from the study phase. Type I corresponds to the case where spatial element adaptation leads to the change of the number of CSI-RS ports and Type II corresponds to spatial element adaptation does not lead to the change of the number of CSI-RS ports. It should be noted that the actual number of TxRUs that is associated with a specific CSI-RS configurations is a network implementation decision that takes into consideration of various factors such as coverage scenarios.
There have been discussions on how to define spatial adaptation patterns and how many needs to be supported. The question is whether from the UE point of view, these changes in the spatial adaptation patterns by the network can be transparent to the UE. 
Current specifications support extensive flexibilities in configurability of the CSI-RS resources and its reporting of the CSI. Various MIMO implementations are accommodated through RRC configurations using CSI-ResourceConfig and similarly CSI-ReportConfig enables the UE to report back layer indicator e.g., (LI), L1-RSRP, L1-SINR, CRI, and SSBRI (SSB Resource Indicator). 
Observation 1: Whether Type 1 or Type 2 is deployed, for NES purposes, the network spatial adaptation pattern is transparent to the UE i.e., no additional indication or signaling of the different implementations of the spatial adaptation is needed.   

However, in both cases of Type 1 or Type 2, there are changes to the RF channel characteristics that could be a result of changes such as to the TxRUs and/or antenna elements adaptation, turning on and off. The UEs will need to report the CSI that is resulted from the spatial element adaptation. For the network to be able to optimize the spatial configurations for energy savings purposes, it can rely on the existing supported CSI i.e., CQI, PMI, CRI, SSBRI, LI, RI, and L1-RSRP. Current specifications support configuration of periodic, semi-persist, and aperiodic CSI resource settings. For energy savings purposes, the network controls when different spatial adaptation needs to be performed e.g., reducing the number of antenna elements. 
Observation 2: At least aperiodic CSI-RS configurations and aperiodic CSI reporting triggered by DCI would support the adaptation of the spatial patterns at the gNB.

In RAN1#112, two possible specification enhancements have been identified to support spatial element adaptation: 
· 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
· [bookmark: _Hlk130485806]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

· 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

A CSI-RS resource, per current specifications, consists of various parameters including powerControlOffset, powerControlOffsetSS and CSI-RS-ResourceMapping where the location of resource elements, the number of ports, and other properties are specified. In another word, once a CSI-RS resource is specified it can only be associated with one spatial adaptation pattern. 
At CSI-RS resource set level, based on the current specification, all CSI-RS resources in a resource set must be of the same number of antenna ports (as in A1-1). Therefore, the CSI-RS resources which represent different spatial adaptation patterns may not be specified in a same resource set since different spatial patterns usually have different number of CSI-RS ports. At CSI-RS resource setting level, based on current specification, for periodic and semi-persistent CSI-RS resource, only one resource set is allowed except for the case of groupBasedBeamReport-r17 where two resource sets are allowed. For aperiodic the number of resource sets is up to 16.
Current specifications can support alternative A1-2 with the gNB performs multiple sequential CSI-ResourceConfig configurations, each one corresponds to a spatial adaptation configured by the gNB.  Similarly, multiple CSI-ReportConfig would be configured for each of these resource configurations, sequentially (A2-1). However, these may not be efficient in terms of signaling overhead and latency. 

To support a CSI-RS configuration which can be associated with one or more spatial adaptation patterns, multiple CSI-RS resources, each corresponding to a spatial element configuration, can be configured within one CSI-RS resource set.
To optimize spatial element adaptation gNB will need UEs to provide CSI reports for different spatial element configurations to select the best choice. Considering the dynamic nature and the number of spatial configurations possible, there will be a lot signaling and CSI reports. Hence to support dynamically adapting spatial elements efficiently it is desirable to have multiple CSI-RS resources that each corresponds to different spatial pattern.
[bookmark: _Hlk131491555]Proposal 1: Multiple CSI-RS resources, each corresponding to a spatial element configuration, should be specified in one CSI-RS resource setting (Alternative A1-2) with the following supports/enhancements: 
· The different CSI-RS resources within a resource set, each with different number of antenna port mapping that corresponding a unique ‘spatial pattern’ (as in A1-1), and/or
· Increasing the number of resource sets that can be configured, each with different number of antenna port, at least for Semi-persistent and periodic resources configuration and CSI reporting.

Note that both options above are not mutually exclusive as both options can be possible enhancements. In addition, UE reports that include the N best spatial element configurations in a single reporting should be supported (Alternative A2-2). 

Reconfiguration of CSI-RS through RRC is necessary to get updated periodic, semi-persistent and aperiodic CSI reports. Considering the semi-statical nature of RRC messages, existing RRC configurations may not meet the dynamic nature of spatial adaptation to provide the energy savings. Extensive simulations during study phase [2] shown the power saving gains when dynamic adaptation at the TTI level is implemented.
L1 signaling in the form of e.g., DCI format can be used to dynamically indicate to the UE a subset of the multiple CSI-RS resources within the single CSI-RS resource set configuration.  When the gNB adapts its spatial elements, the cell may only have a few UEs. Whether the gNB needs to get a report from each UE to make spatial element adaptation should be left to network optimization. This can be accommodated using group based signaling to the UEs.
Proposal 2: The association based on layer 1 signaling should be introduced to dynamically signal the following to the UE the CSI-RS resources to use for its CSI reporting:
· The CSI-RS resource or subset of CSI-RS resources that corresponds to different number of antenna ports, and/or
· The CSI-RS resource set that corresponds to different number of antenna ports. 

Adaptation of transmission power 
It should be noted that when the number of TxRUs changes, it could also impact the transmit power of reference signals such as SSB and CRI-RS. For example, reducing spatial element effectively reduces RF power for SSB and CSI-RS and correspondingly the beam management, RRM, RLM and cell coverage. It may cause beam failure and it may trigger cell reselection etc. Hence it would be desirable if SSB power is not affected, or at least to reduce the effect to the minimum. One way to achieve this is to boost SSB signal power with the active TxRUs if the number of TxRUs is reduced, for example.
Observation 3: It should be left to network implementations to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 

According to current specifications, the SSB reference power, ss-PBCH-BlockPower is signaled in SIB1. The powerControlOffsetSS that is the power offset between (NZP)CSI-RS and SSB, and the powerControlOffset that is the power offset between PDSCH and (NZP) CSI-RS, are semi-statically configured via RRC.
To support gNB dynamic PDSCH power adaptation optimally, multiple CSI-RS reports corresponding to different powerControlOffset enable the gNB to inform UE promptly so UE can use the right powerControlOffset value to measure and calculate CSI information. Similarly, the gNB needs to get CSI reports for all interested PDSCH power levels so it can choose one of them based on link performance and energy saving. Current specifications support sequential gNB configurations of N (assume N is the number of power levels) NZP-CSI-RS resources with each has different powerControlOffset and N CSI reports.
Proposal 3: To support adaptive power adaptation dynamic signaling to the UE of the multiple powerControlOffset values to be used in CSI can be introduced. 

[bookmark: _Ref129681832]Conclusion
The contribution examined techniques to enable efficient adaptation of spatial elements in spatial domain and power adaptation in power domain in network energy savings, made the following observations and proposals to CSI-RS enhancement to support these techniques.
Observation 1: Whether Type 1 or Type 2 is deployed, for NES purposes, the network spatial adaptation pattern is transparent to the UE i.e., no additional indication or signaling of the different implementations of the spatial adaptation is needed.   
Observation 2: At least aperiodic CSI-RS configurations and aperiodic CSI reporting triggered by DCI would support the adaptation of the spatial patterns at the gNB.
Observation 3: It should be left to network implementations to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 
Proposal 1: Multiple CSI-RS resources, each corresponding to a spatial element configuration, should be specified in one CSI-RS resource setting (Alternative A1-2) with the following supports/enhancements: 
· The different CSI-RS resources within a resource set, each with different number of antenna port mapping that corresponding a unique ‘spatial pattern’ (as in A1-1), and/or
· Increasing the number of resource sets that can be configured, each with different number of antenna port, at least for Semi-persistent and periodic resources configuration and CSI reporting.
Proposal 2: The association based on layer 1 signaling should be introduced to dynamically signal the following to the UE the CSI-RS resources to use for its CSI reporting:
· The CSI-RS resource or subset of CSI-RS resources that corresponds to different number of antenna ports, and/or
· The CSI-RS resource set that corresponds to different number of antenna ports. 
Proposal 3: To support adaptive power adaptation dynamic signaling to the UE of the multiple powerControlOffset values to be used in CSI can be introduced.
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