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[bookmark: Proposal_Pattern_Length]1.Introduction
One of the main objectives for RAN1 is to standardize enhancements related to supporting spatial and power domain adaptation that conserve network energy. In this document, we discuss the potential network energy saving mechanism about signaling of spatial adaptation and report overhead reduction.
[bookmark: _Hlk133920012]
2.Discussion
[bookmark: OLE_LINK342][bookmark: OLE_LINK343]2.1 CSI report configuration signaling aspect
	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 1≤N≤L) 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







[image: ]
Figure 1 CSI-RS report enhancements for NES
If the adaptation requires frequent RRC reconfiguration, there may induce considerable amount of signaling and energy overhead. A new CSI configuration and report mechanism shall be introduced.
For CSI measurement and report, the spatial patterns of each report may be established and pre-configured by the serving RAN. After the serving RAN pre-configures the CSI pattern configuration, there may be some channel condition/throughput changes in the RAN. For Semi-persistent/Aperiodic CSI reporting, gNB may trigger/indicate/activate report of N≤L CSIs where N>=1
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Figure 2 Aperiodic CSI Report Structure

gNB may pre-configure L sub-configurations by RRC signaling and then trigger the N CSI by L1/L2 signaling where N≤L.
2.1.1 For RRC configuration
A new IE CSI-ReportSubConfig in a CSI report configuration as in Figure 3 may be introduced and associated with one CSI.
CSI-ReportConfig ::=                SEQUENCE {
    reportConfigId                          CSI-ReportConfigId,
    carrier                                 ServCellIndex                   OPTIONAL,   -- Need S
    resourcesForChannelMeasurement          CSI-ResourceConfigId,
    csi-IM-ResourcesForInterference         CSI-ResourceConfigId            OPTIONAL,   -- Need R

    CSI-ReportSubConfig ::
                                   SEQUENCE {
    reportsubConfigId                          CSI-ReportSubConfigId,
     …
Figure 3 CSI-ReportConfig
The content of CSI-ReportSubConfig may include at least (part of)/any combinations of the content of CSI-ReportConfig as table in T.S.38.331 CSI-ReportConfig information element.
2.1.2 For L2 signaling:
MAC CE may be suitable for gNB selection of N CSIs to report from L sub-configurations.
A modified version of MAC CE is newly introduced and designed as fellow in Figure 5.
For CSI report on uplink channel, the network may use MAC CE to trigger the selected N CSI from L sub-configurations. 
Following is the figure in T.S. 38.321 figure 6.1.3.16
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自動產生的描述]
This field indicates the activation/deactivation status of the Semi-Persistent CSI report configuration within CSI-ReportConfigToAddModList as described in T.S.321 6.1.3.16.
Figure 4
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Figure 5
The field S0 may indicate the activation/deactivation status of first CSI-ReportConfig and S1 may indicate the activation/deactivation status of the second CSI-ReportConfig. A new field P00 may indicate the activation/deactivation status of the first sub-configuration in the first CSI-ReportConfig. A new field P01 may indicate the activation/deactivation status of the second sub-configuration in the first CSI-ReportConfig. There may be N<=L indicators(P00, P01…P0(N-1)) for gNB to trigger the sub-configurations.
A new field P10 may indicate the activation/deactivation status of the first pattern in the second CSI-ReportConfig.

2.1.3 For L1 signaling
The field CSI Request in DCI format 0_1 or DCI format 0_2 specifies the index of Aperiodic Trigger State configured in CSI-AeriodicTriggerStateList or codepoint defined in the MAC CE.
A new field CSI-Sub-ConfigSelect in DCI format 0_1 or DCI format 0_2 may be introduced. The new field CSI -Sub-ConfigSelect may indicate the sub-config in the report. The mapping between the field CSI-Sub-ConfigSelect and the id in the sub-config to be reported may be indexing as in Figure 6 or bitmapping as in Figure 7. 

[image: 一張含有 文字, 螢幕擷取畫面, 字型, 數字 的圖片

自動產生的描述]
Figure 6 Indexing
When the field of CSI-Sub-ConfigSelect in DCI is set to zero, no CSI sub-configuration is requested.
When the value of CSI-Sub-ConfigSelect in DCI is set to 1, CSI sub-configuration 1 may be requested.
When the value of CSI-Sub-ConfigSelect in DCI is set to 2, CSI sub-configuration 2 may be requested.
When the value of CSI-Sub-ConfigSelect in DCI is set to 3, CSI sub-configuration 1 and CSI sub-configuration 2 may be requested.
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Figure 7 bitmapping
When all the bits of CSI-Sub-ConfigSelect field in DCI are set to zero, no CSI pattern is requested.
When the bits of CSI-Sub-ConfigSelect field in DCI are set to 001, CSI pattern 1 is requested.
When the bits of CSI-Sub-ConfigSelect field in DCI are set to 010, CSI pattern 2 is requested.
When the bits of CSI-Sub-ConfigSelect field in DCI are set to 011, CSI pattern 1 and CSI pattern 2 are requested.
…
The total number of bits in the field of CSI pattern request may be indicated by the higher layer parameter.



Different Report Occasions:
For semi-persistent/Aperiodic multi-CSI feedback, support gNB trigger/indicate/activate N CSI report also by L1 signaling.
Use one trigger to indicate the UE to report CSIs in different reporting occasions, e.g., N1 CSIs in one reporting occasion and N2 CSIs in next reporting occasions, etc.(where Ni < L) 
Maybe N1 N2 pre-config is needed. The network may use RRC signaling to configure. The new IE ReportOcassion in CSI-ReportConfig may be newly introduced to configure two possible time occasion for N1 CSI report and N2 CSI report(where Ni < L).
The ReportOcassion may have four fields, the first field may correspond to the number of N1, the second field may correspond to the timing occasion of the N1 CSI report occasion, where the third field may correspond to the number of N2, the forth field may correspond to the timing occasion of the N2 CSI report occasion. For gNB to indicate the UE to whether to report N1 CSIs or N2 CSI or both N1 and N2 CSIs. A new DCI triggering field may be needed.

If sub-configurations are large for Aperiodic/Semi-Persistent CSI report, the concatenation of MAC and DCI may be used.The network may re-use the MAC CE in Figure 5 to down select the sub-configuration to a certain number. 
The field S0 may indicate the activation/deactivation status of first CSI-ReportConfig and S1 may indicate the activation/deactivation status of the second CSI-ReportConfig. A new field P00 may indicate the activation/deactivation status of the first sub-config in the first CSI-ReportConfig. A new field P01 may indicate the activation/deactivation status of the second sub-config in the first CSI-ReportConfig. There may be N1< indicators(P00, P01…P0(N1-1))(where N<N1<L) for gNB to down-select the sub-configurations.
A new field P10 may indicate the activation/deactivation status of the first pattern in the second CSI-ReportConfig.
Furthermore, the network may use DCI to precisely select the N sub-configurations from N1 sub-configurations selected from the MAC CE stated above.
A new field CSI Sub-Config Select in DCI format 0_1 or DCI format 0_2 may be introduced. The new field CSI-Sub-ConfigSelect may indicate the sub-config in the report. The mapping between the field CSI-Sub-ConfigSelect and the id in the sub-config to be reported may be indexing as in Figure 5 or bitmapping as in Figure 6. 

Proposal 1: RAN1 should discuss the detailed L1/L2 signaling for N CSI reports of L sub-configurations(N<=L)

2.2 Overhead Reduction
	For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following 
· CRI 
· RI 
· PMI 
· CQI 
· L1-RSRP 
· Other (new) report quantity, if any 



2.2.1 Method 1- Delta configuration design between different CSI report sub-configurations 
The sub-config may be used to expand the total number of spatial patterns to be reported. Further enhancement may be that the CSI-ReportConfig is a common/baseline configuration. There may be a baseline report for the subconfigurarions. And each sub configuration of CSI-ReportSubConfigmay be the delta configuration of ReportConfig.  That is, a sub configuration may have the same frequency domain and codebook domain configuration, but may have different time domain configurations. The sub configuration of the CSI-ReportSubConfig may only need to configure and report the time domain configuration, e.g., reportSlotOffsetList for Aperiodic CSI report
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Figure 8
2.2.2 Method 2- Report content reduction
DL-RSRP and DL-RSSI value may be used to partially replace the CSI report of PMI-
The reportQuantity in CSI-ReportConfig may indicate what to measure to the UE(s). For the Codebook/Non-codebook based precoding matrix report feedback, the signalling overhead may be considerable. The substitution may be a mixed strategy of measurement report. For the first indicated spatial pattern report, the measurement quantity may be a precoding matrix and a value of CQI. For the second and following indicated spatial pattern report feedback, the measurement quantity may be a CQI without precoding matrix information. The network may receive the precoding matrix for the first indicated pattern and then deduce second and following precoding matrix based on the delta CQI received.
Some new report quantities are suggested as follows for RAN WG considerations:    
First indicated spatial pattern report quantity- PMI and CQI
Second indicated spatial pattern report quantity – CQI only
Third indicated spatial pattern report quantity – CQI only
The following IE is the reportQuantity in T.S.38.331 CSI-ReportConfig
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Figure 9
[bookmark: OLE_LINK377][bookmark: OLE_LINK378][bookmark: OLE_LINK422][bookmark: OLE_LINK423][bookmark: OLE_LINK446]Proposal 2: RAN1 should discuss the overhead reduction of sub-configuration based on Delta configuration design.
Proposal 3: RAN1 should discuss the report content of reduction based on the combination and property of report quantity.

3. Conclusion
For network energy saving, we have the following proposals.
Proposal 1: RAN1 should discuss the detailed L1/L2 signaling for N CSI reports of L sub-configurations(N<=L)
Proposal 2: RAN1 should discuss the overhead reduction of sub-configuration based on Delta configuration.
Proposal 3: RAN1 should discuss the report content of reduction based on the combination and property of report quantity.

4.Reference
Chair’s notes RAN1#112bis-e, 3GPP TSG RAN WG1 #112bis-e, April 17th – April 26th, 2023
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