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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
CSI resource configuration
In last meeting, the following agreement was made:
	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.



For A1-1-revised, as there are multiple resources in a resource set and each resource is associated with only one spatial adaptation pattern, in order to support multi-SD pattern configuration, it should remove the legacy restriction for the resource set on the number of antenna ports, etc. 
For A1-2-revised, it is possible for the network to configure multiple SD pattens in one NZP-CSI-RS resource. Thus, the legacy restriction does not prevent from performing multi-CSI reporting. However, taking out this restriction may provide further flexibility. 
Proposal 1: At least for A1-1-revised, legacy alignment restriction among different NZP-CSI-RS resources within the same resource set should be taken away.
CSI report configuration
In last meeting, RAN1 has reached consensus on SP/AP CSI reporting, while P-CSI reporting is still pending.
	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


  
For P-CSI reporting, the main concern from some companies is the UE complexity. It is true though by setting N=1, L>1, can still allow the network collect multi-CSI information from single CSI report configuration. However, in order to support periodic multi-CSI reporting while still address the UE complexity issue and overhead issue (due to limited resource of PUCCH), we can limit the maximum number of N=2. 
Proposal 2: For P-CSI reporting, RAN1 may consider N=1 or N=2, with L>1, which allows NES to support multi-CSI reporting via single CSI report configuration and at the same time addressing the overhead issue in PUCCH and UE complexity issue by limiting the maximum number of Nmax=2. 
Moreover, for the report sub-configuration design, the following agreement was achieved in last meeting, i.e.
	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 remaining FFS points are driven by the higher degree of flexibility. But we think at least the report quantity, codebook type for PMI, reportFreqConfiguration can be common for L sub-configurations. While the rest of the configuration can be dedicated to each sub-configuration. 
Proposal 3: for type 1 SD adaptation, at least the report quantity, codebook type for PMI, reportFreqConfiguration can be common for L sub-configurations.
CSI overhead reduction
It has been discussed the motivations for CSI overhead reduction. First of all, for AP-CSI, the CSI reporting is transmitted in PUSCH. Thus, the overhead issue can be relieved to some extent, by assuming that the N CSI can be affordable in PUSCH. For SP-CSI, the N CSI can be transmitted either in PUSCH or PUCCH. If the PUSCH is used to transmit N CSI (e.g. SP-CSI activated by DCI), the overhead issue can also be relieved to some extent. But if the SP-CSI is acitvated by MAC-CE, PUCCH will carry the N CSI, which causes the overhead issue. Given the limited time for the R18 WI, the reasonable way forward could be that let NES to at least support AP-CSI, SP-CSI with N CSI reported in PUSCH, and P-CSI with maximum number of N=2. Thus, all the three functions can be supported and the overhead issue is not severe. For the enhancement for CSI reduction in PUCCH can be further designed in next release. 
Proposal 4: In NES R18, RAN1 could prioritize AP-CSI, SP-CSI triggered by DCI, and P-CSI with Nmax=1 or 2, so that the NES can have all these three feedback functions without having severe overhead issue. 
Power domain adaptation
In last meeting, the power domain adaptation discussions reach the following agreements:
	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

Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed



For power offset values, as shown by our simulation results [3], if the power change is not significant, e.g. 1 dB, there is not much of difference in the CSI provided that the antenna port number and layout is not changed. Thus, it would be more meaningful to let the UE perform multi-CSI reporting if the power change step is big. We think that a step of 3dB or 5dB may be a good starting point. Moreover, for the configuration of power offset. It would be more efficient to configure a reference power offset and others are configured as differential power offset w.r.t. the reference power offset. 
Proposal 5: Consider 3dB or 5dB as the power offset change step size, e.g. -5dB, -3dB, 3dB, 5dB.
Proposal 6: Consider to define a reference power offset and configure others as differential offset w.r.t. the reference power offset. 
Regarding the power change for CSI-RS, the motivation for the indication is relevant to beam management, in particular for receiver beam training. In our view, the A1-1-power can be a straightforward way for such use case. The advantage is that the legacy configuration can already configure different power offset value for CSI-RS, but the offset value range needs to be revisited to make the range wider. 
Proposal 7: For indicating CSI-RS power change, the A1-1-power can be considered as a straightforward solution, where the legacy power offset value range needs to be revisited. 
Conclusion
This contribution discusses our considerations on the enhancements of spatial domain adaptation for NES and provides the following observations and proposals.
Proposal 1: At least for A1-1-revised, legacy alignment restriction among different NZP-CSI-RS resources within the same resource set should be taken away.
Proposal 2: For P-CSI reporting, RAN1 may consider N=1 or N=2, with L>1, which allows NES to support multi-CSI reporting via single CSI report configuration and at the same time addressing the overhead issue in PUCCH and UE complexity issue by limiting the maximum number of Nmax=2. 
Proposal 3: for type 1 SD adaptation, at least the report quantity, codebook type for PMI, reportFreqConfiguration can be common for L sub-configurations.
Proposal 4: In NES R18, RAN1 could prioritize AP-CSI, SP-CSI triggered by DCI, and P-CSI with Nmax=1 or 2, so that the NES can have all these three feedback functions without having severe overhead issue. 
Proposal 5: Consider 3dB or 5dB as the power offset change step size, e.g. -5dB, -3dB, 3dB, 5dB.
Proposal 6: Consider to define a reference power offset and configure others as differential offset w.r.t. the reference power offset. 
Proposal 7: For indicating CSI-RS power change, the A1-1-power can be considered as a straightforward solution, where the legacy power offset value range needs to be revisited. 
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