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In RAN1#112b-e meeting, further progress on the techniques for spatial domain adaptation has been made and reported [1]. Specifically, agreements on the various aspects needed for the support of CSI-RS resources configurations and CSI report configurations were made. In this contribution, we provide our views and further considerations on the agreements made and the identified remaining issues. 
Discussions 
CSI-RS Resource Configurations
In the previous meeting, there have been discussions about what a change in the spatial adaptation patterns would mean in terms of CSI-RS resource configurations, and how it can be supported. Related to this, we have the following agreement and working assumption:
Agreement
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.

Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for

Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports

The spatial pattern can correspond to either Type 1 or Type 2, as identified in RAN1#112 and agreed to be supported in RAN1#112b-e. In both cases of Type 1 or Type 2, there are changes to the RF channel characteristics that could be a result of changes due to operations such as to the TxRUs and/or antenna elements adaptation, turning on and off.
With Type 1, where all antenna elements associated to a logical antenna port is disabled/enabled, each spatial pattern would correspond to a distinct antenna port configuration. With Type 1, we have:
· A1-1 revised: each resource in the resource set corresponds to a specific (and different) antenna port configuration.
· A1-2-revised: each resource in the resource set corresponds to more than one antenna port configuration.  
With Type 2, where part/subset of antenna elements associated to a logical antenna port is disabled/enabled, each spatial pattern can correspond to a same or different antenna port configuration but with different antenna elements configuration e.g., different number of antenna elements. In such a case, we have:
· A1-1-revised: each resource in the resource set corresponds to a specific antenna port configuration that can be the same or different, but with different antenna elements configuration.
· A1-2-revised: each resource in the resource set corresponds to more than one antenna port configuration that can be the same or different, but with different antenna elements configuration.
Hence, based on the above considerations, both A1-1-revised and A1-2-revised can be applicable to both spatial domain adaptation Type 1 and 2. For this reason, there should no additional restriction(s) that are applied differently for the two adaptations. 
Proposal 1: Confirm the working assumption from RAN1#112b-e: Al-1-revised and A1-2-revised are supported.
· In addition, it is noted that: Both A1-1-revised and A1-2-revised are applicable for both Type 1 and Type 2 SD adaptation.

Based on the discussions above, for both A1-1-revised and A1-2-revised, the NZP CSI-RS resources can have the same and different number of antenna ports, and these antenna ports can be a subset of the supported total number of antenna ports of up to 32. Each of these NZP CSI-RS resources configuration is thus corresponding to a specific ‘Sub-Configuration’. 
Observation 1: Each report sub-configuration corresponds to a specific NZP CSI-RS resource configuration that is characterized by a subset of the antenna ports. 

CSI Report Configurations
Further progress has also been made on supporting CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern in RAN#112b-e. A UE can report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration. 
Agreement
At least support A2-2, i.e., one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement

Agreement
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1

Quoting the agreement above: ‘For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI,’ it is our understanding that the case of N=1, it is the same as that of A2-1:
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern.

Furthermore, both A2-1 and A2-2 can be applicable to periodic, semi-persistent and aperiodic reporting. 

Proposal 2: Support of CSI report configuration A2-1, where independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern.
· Applicable to Periodic, Semi-persistent and Aperiodic reporting.
 

For the support of A2-2 where the UE can report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L, the sub-configuration should include the essential parameters. Some candidate parameters were identified in RAN1#112b-e in this agreement below:
Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content

The IE CodebookConfig is used to configure codebooks of Type-I and Type-II (see 38.214, section 5.2.2.2), with parameters associated with Type I and II codebook types. In addition, it includes (n1, n2) for single panel and (ng, n1, n2) for multi-panel, and others such as Codebook Subset Restriction and Rank Restrictions.  
Each sub-configuration, as noted in Observation 1, can be defined by the subset of antenna ports for Type 1 SD. However, for Type 2 SD there would be no change in the number and configured antenna ports. 
Proposal 3: Support the reuse of existing RRC CodebookConfig IE to provide the necessary parameters for the CSI report configuration of the sub-configuration for SD adaptation for both N1, N2 for single-panel and N1, N2, Ng for multi-panel. In addition, support the following:
· Port subset indication for both A1-2 and A1-1 for Type 1 SD
· No Port subset indication is needed for Type 2 SD

There have also been extensive discussions on the possible enhancements for the current DCI and MAC-CE mechanisms that the gNB uses to trigger for semi-persistent and aperiodic CSI reporting for the N sub-configurations. 
Agreement
For Semi-persistent/Aperiodic CSI reporting with , study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.

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 energy savings. Extensive simulations during study phase [3] shown the power saving gains when dynamic adaptation at the TTI level is implemented.
At least for indications that are directly related to the N sub-configurations, L1 signaling in the form of e.g., DCI format can be used to provide the indication to the UE in a faster and dynamic manner. When the gNB adapts its spatial elements, the cell may only have a few UEs. Whether the gNB needs to trigger a report from each UE prior to adapting the spatial element should be left to network optimization. To reduce the potential large and repetitive signaling, group based signaling to the UEs can be supported.
Proposal 4: L1 signaling of the Port Subset indication, at least for Type 2 SD, should be supported for the gNB triggering/indication/activation of the N CSI(s) in a reporting instance. 
· Group-based L1 signaling can be considered additional to further reduce the signaling overhead.

Adaptation of transmission power 
On the support multiple power offset settings, we note the agreement below from RAN1#112b-e:
Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration, 
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.

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. Current specifications already support this through ss-PBCH-BlockPower that is signaled in SIB1 and powerControlOffsetSS, the power offset between (NZP)CSI-RS and SSB, that is RRC signaled.
Observation 2: 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. 
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.
As discussed above, both A1-1-revised and A1-2-revised could be used to support both Type 1 and 2 spatial adaptation. Specifically for A1-1-revised, each resource in the resource set can correspond to a different antenna port configuration but with different antenna elements configuration. This is similar to the case for A1-2-revised and hence should not be treated differently in terms of supporting multiple power offset values.
Proposal 5: Support the following for A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values.
[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: Each report sub-configuration corresponds to a specific NZP CSI-RS resource configuration that is characterized by a subset of the antenna ports. 
Observation 2: 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: Confirm the working assumption from RAN1#112b-e: Al-1-revised and A1-2-revised are supported.
· In addition, it is noted that: Both A1-1-revised and A1-2-revised are applicable for both Type 1 and Type 2 SD adaptation.
Proposal 2: Support of CSI report configuration A2-1, where independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern.
· Applicable to Periodic, Semi-persistent and Aperiodic reporting.

Proposal 3: Support the reuse of existing RRC CodebookConfig IE to provide the necessary parameters for the CSI report configuration of the sub-configuration for SD adaptation for both N1, N2 for single-panel and N1, N2, Ng for multi-panel. In addition, support the following:
· Port subset indication for both A1-2 and A1-1 for Type 1 SD
· No Port subset indication is needed for Type 2 SD

Proposal 4: L1 signaling of the Port Subset indication, at least for Type 2 SD, should be supported for the gNB triggering/indication/activation of the N CSI(s) in a reporting instance. 
· Group-based L1 signaling can be considered additional to further reduce the signaling overhead.
Proposal 5: Support the following for A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values.
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