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Introduction
3GPP Rel-18 has the following objectives for necessary enhancements on CSI and beam management related procedures to enable efficient adaptation of spatial elements and necessary enhancements on CSI related procedures to enable efficient adaptation of PDSCH/CSI-RS power offsets for network energy savings [1].
	1. 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 will discuss our views on the following aspects for spatial and power domain adaptation:
Spatial domain adaptation
· Consideration on resources for CSI measurement includes resource restriction channel measurement, and interference measurement resources for Type 1 spatial adaptation with A1-2-revised resource configuration.
· RRC parameters for sub-configuration.
· Selection of a subset of sub-configurations for CSI measurement and reporting and its implication to CSI processing requirements in terms of CPU occupancy and counting active CSI-RS resource.
· CSI report
· Impact of CSI-RS power change on CSI measurement
· UE assistance on UE Rx beam refinement to facilitate spatial domain adaptation.
Power domain adaptation
· Power offset configuration and related CPU occupancy 

Efficient Adaptation of Spatial Elements
Enhancements on CSI Procedure
Resources for CSI measurement 
RAN1#112b-e made the following agreements and working assumption on configuration of NZP CSI-RS resources for channel measurement (CMR):
	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



For Type 1 spatial domain adaptation, the difference between Al-1 and A1-2 is only from CMR configuration for shutdown cases: A1-1 explicit resource configuration while A1-2 relies on a common resource. The main issue with A1-1 for Type 1 adaptation is that RRC has to define/signal many resources to support various shutdown hypotheses, making higher RRC signalling overhead than A1-2. For example, if we want to support N sub-configurations where each sub-configuration contains a set of configured resources, A1-1 will need N RRC configurations of NZP-CSI-RS-ResourceSet. On the other hand, for A1-2 we only need one RRC configuration and sub-configuration is simply referred to this one configuration. Furthermore, for A1-2, when resource set contains more than one resource, the resources should have the same number of antenna ports. The resource(s) for a smaller number of ports can be determined based on parameters in the sub-configuration and the configured resource.
Type 2 spatial domain is adaptation of physical antenna elements that impacts at least the power offset between CSI-RS and SSB. It should be noted that different from the power offset between PDSCH and CSI-RS for CSI computation purpose (which is hypothetical), the power offset between CSI-RS and SSB cannot be hypothetical. If we use A1-2 for Type 2 adaptation, the power offset between CSI-RS and SSB is expected to be configured as part of sub-configuration and it becomes hypothetical offset. Therefore, only A1-1 works for Type 2 adaptation. In addition, if there is more than one NZP CSI-RS resource in the resource set for channel measurement, the resources have the same number of antenna ports.
Proposal 1: Only support A1-2-revised for Type 1 spatial domain adaptation and A1-1-revised for Type 2 spatial domain adaptation.
Proposal 2: When A1-1-revised is used for Type 2 spatial domain adaptation or A1-2-revised is used for Type 1 spatial domain adaptation, the resources have the same number of antenna ports if there is more than one NZP CSI-RS resource in the resource set for channel measurement.
So far, RAN1 has discussed CSI-RS resources for channel measurement. For Type 1 spatial adaptation with A1-2-revised resource configuration, it is important to clarify what interference measurement resources should be used for the resources indicated by the port subset indication under each sub-configuration. It should be noted that for each resource in the configured CMR in the resource set, there would be an associated interference measurement resource if configured.
Proposal 3: For a NZP CSI-RS resource that is derived based on port subset indication and a resource in the configured NZP CSI-RS resource set for channel measurement in A1-2-revised, its associated resource for interference measurement is the interference measurement resource (if configured) that is associated with the resource in the configured NZP CSI-RS resource set for channel measurement.
TS 38.214 specification has restriction on the number of NZP CSI-RS resource(s) for channel measurement (𝐾𝑠) in a CSI report config with the related restriction is copied below. In particular, an NZP CSI-RS resource set may include one or more NZP CSI-RS resources depending on the number of CSI-RS antenna ports for the resource as being specified in TS 38.214.
	Clause 5.2.1.4 in TS 38.214
If the UE is configured with a CSI-ReportConfig with the higher layer parameter reportQuantity set to 'cri-RSRP', 'criRI-PMI-CQI ', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', 'cri-RI-LI-PMI-CQI', or 'cri-SINR', and 𝐾𝑠 > 1 resources are configured in the corresponding resource set for channel measurement, then the UE shall derive the CSI parameters other than CRI conditioned on the reported CRI, where CRI k (k ≥ 0) corresponds to the configured (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet for channel measurement, and (k+1)-th entry of associated csi-IM-Resource in the corresponding csi-IM-ResourceSet (if configured) or (k+1)-th entry of associated nzp-CSI-RS-Resources in the corresponding NZP-CSI-RS-ResourceSet (if configured for CSIReportConfig with reportQuantity set to 'cri-SINR') for interference measurement. If 𝐾𝑠 = 2 CSI-RS resources are configured, each resource shall contain at most 16 CSI-RS ports. If 2 < 𝐾𝑠 ≤ 8 CSI-RS resources are configured, each resource shall contain at most 8 CSI-RS ports.



For a CSI report config of L sub-configurations, it is also important to discuss restriction on the total number of CSI-RS resources in an CSI-RS resource set for channel measurement. From our perspectives,
· When A1-1-revised is used for resource configuration, the number of CSI-RS resources in an CSI-RS resource set for channel measurement follows restriction in TS 38.214. 
· When A1-2-revised is used for resource configuration, the number of CSI-RS resources in CSI-RS resource set for channel measurement and in sub-configurations follows restriction in TS 38.214. Furthermore, additional restriction is defined across sub-configurations.
Hence, we make the following proposal:
Proposal 4: For the total number of CSI-RS resources in an CSI-RS resource set for channel measurement,
· When A1-1-revised is used for resource configuration, the number of CSI-RS resources in an CSI-RS resource set for channel measurement follows restriction in TS 38.214. 
· When A1-2-revised is used for resource configuration, the number of CSI-RS resources in CSI-RS resource set for channel measurement and in sub-configurations follows restriction in TS 38.214. Furthermore, additional restriction is defined across sub-configurations.
Sub-configuration for Type 1 and Type 2 spatial adaptation
RAN1#112b-e made the following agreements on RRC parameters for sub-configuration for spatial domain adaptation:
	
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



For a sub-configuration, when A1-2-revised is used for NZP CSI-RS resource set configuration for channel measurement, the indication for (N1, N2) for Type I single panel and (Ng, N1, N2) for Type I multi-panel is explicit, and port subset indication contains a starting port. The ports for CSI computation are determined based on the indicated starting port and (N1, N2) as illustrated in Table 1.
[bookmark: _Ref134479966]Table 1: Example of sub-configurations in a CSI report config
	One CSI report config with two sub-configurations:
· 32-port NZP CSI-RS resource set for channel measurement
· (Sub-configuration 1) Spatial adaptation pattern 1
· Codebook config 1 with (N1, N2) = (8, 2)
· (Sub-configuration 2) Spatial adaptation pattern 2
· Codebook config 2 with (N1, N2) = (8, 1)
· 16-port CSI-RS resource(s), where each resource is a subset of 32-port CSI-RS resource in CSI-RS resource set and corresponds to (N1, N2) in codebook 2.



Furthermore, codebook subset restriction should be explicitly included in the sub-configuration. For RI restriction, it can be explicitly included in the sub-configuration or can be implicitly determined based on (N1, N2) and RI restriction associated with the codebook configuration e.g., the one with having the largest number of ports.
Proposal 5: For a CSI report config of L>1 sub-configurations, the following should be considered for sub-configuration when A1-2-revised is used for NZP CSI-RS resource set configuration for channel measurement.
· Indication for (N1, N2) for Type I single panel and (Ng, N1, N2) for Type I multi-panel is explicit,
· A set of port subset indications where each indication contains a starting port and associated CMR in the configured resource set if more than one CMR in the set. The ports for CSI computation are determined based on the indicated starting port and (N1, N2),
· Codebook subset restriction is included in the sub-configuration, and
· RI restriction can be implicitly determined based on (N1, N2) and RI restriction associated with the codebook configuration having the largest number of ports.
On the other hand, for Type 2 spatial domain adaptation, the power offset values can be configured explicitly as part of the CMR configuration. It should be noted again that only A1-1-revised should be supported for Type 2 spatial domain adaptation. Therefore, there is no need to define sub-configuration for Type 2 adaptation.
Proposal 6: When A1-1-revised is used for NZP CSI-RS resource set configuration for channel measurement to support Type 2 spatial domain adaptation, no sub-configuration is needed.
Sub-configuration selection and CSI processing requirements
RAN1#112b-e made the following agreements on CSI framework for efficient adaptation of spatial elements. Under this framework, we will discuss our view on remaining aspects to support aperiodic CSI reporting and semi-persistent CSI reporting with CSI processing and complexity at UE taken into account. In particular, we will discuss various considerations on indicating N sub-configurations out of L sub-configurations for a CSI report config. For each consideration, we will discuss how CSI processing requirements in terms of CPU occupancy and counting of simultaneously active CSI-RS resources.
	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

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 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.



It should be noted that from CSI processing requirement perspectives, there are two separate CSI processing metrics: one is CPU occupancy and the other is counting of the simultaneously active CSI-RS resources for CSI measurement. The UE reports, as part of its capabilities, the number of simultaneous CPUs, denoted as , the UE can handle. There is a running count, , of occupied CPUs, representing the processing units that are in use by ongoing CSI reports. At any given time, the  unoccupied CPUs can be used to adding more CSI reports. Once there are no more unoccupied CPUs available, the UE will not process more CSI. The UE is still required to send CSI report even in this case, but for the CSI requests that are over the limit, the UE is allowed to send outdated reports.  Any time a CSI calculation starts, the count  is incremented by , where  is the load designation of the new CSI process, and at any time a CSI calculation ends, the count  is decremented by , where  is the load designation of the completed CSI process. 
· For an aperiodic CSI report, the CPU becomes occupied at the end of the last symbol of the PDCCH carrying the CSI trigger and the CPU is released at the end of the last symbol of the PUSCH or PUCCH carrying the report.
· For the first report in a sequence of semi-persistent CSI reports on PUSCH, the CPU becomes occupied at the end of the last symbol of the PDCCH activating the CSI process and the CPU is released at the end of the last symbol of the PUSCH carrying the first report.
· For periodic and semi-persistent CSI reports, except for the first report in a sequence of semi-persistent CSI reports on PUSCH, the CPU becomes occupied at the latest CSI measurement resource (CSI-RS, CSI-IM or SSB) that is usable for the report and the CPU is released at the end of the last symbol of the PUCCH or PUSCH carrying the report. The latest such CSI resource is formally defined as the latest that is not later than the so-called CSI reference resource. The timing of the CSI reference resource is separately defined. If multiple CSI resources are used for a given report and they do not occur at the same time, then the earliest of those counts. 
CPU is not the only quantity describing the UE’s processing load though. There is also a separate definition of the UE capability in terms of simultaneously active CSI-RS resources. When determining the number of resources simultaneously active, a different rule than CPU occupancy applies. A CSI resource is considered active for the purposes of determining the number of simultaneously active resources according to the following: 
· For an aperiodic CSI resource, the CSI resource and the ports within the resource become active at the end of the last symbol of the PDCCH carrying the CSI trigger and the CSI resource becomes inactive at the end of the last symbol of the PUSCH carrying the report.
· For a periodic CSI resource, the CSI resource and the ports within the resource become active at the time of the configuration of the CSI resource, and the CSI resource becomes inactive at the time of the release of the CSI resource configuration.
· For a semi-persistent CSI resource, the CSI resource and the ports within the resource become active at the time of the activation of the CSI resource, and the CSI resource becomes inactive at the time of the deactivation of the CSI resource.
As it can be seen, for periodic and semi-persistent CSI reports, the CSI measurement resource is considered active much longer than the time of CPU occupancy. The reason for this differentiation is that the count of the simultaneously active CSI resources is a measure of memory use, while the CPU is the measure of processing load.
Observation 1: For a CSI report config with L sub-configurations, both CPU occupation (a measure of processing load) and counting of the simultaneously active CSI-RS resources (a measure of memory use) should be properly addressed. 
Similar to what was discussed earlier, CPU occupation and counting the number of simultaneously active CSI-RS resources for CSI measurement could depend on whether CSI-RS is aperiodic or periodic/semi-persistent. Below we provide our analysis for two approaches based on UE specific DCI based and MAC-CE based. We will also discuss our view on UE group PDCCH for indicating the sub-configurations.
UE specific DCI based sub-configuration selection
[image: ]
[bookmark: _Ref134100149]Figure 3: Aperiodic CSI reporting with aperiodic CSI-RS
Aperiodic CSI reporting with aperiodic CSI-RS: When CSI-RS is aperiodic, it will be available for CSI measurement after the PDCCH with DCI containing CSI trigger but at least Z’ symbols before the first symbol where UE is scheduled to transmit PUSCH carrying CSI as illustrated in Figure 3. For selecting N sub-configurations out of L sub-configurations for CSI measurement, a CSI trigger state may contain an associated CSI report config and indices of N sub-configurations for CSI reporting. The selection of N sub-configurations is provided in the DCI triggering CSI reporting. For example,
CSI-AperiodicTriggerState 1:
· associatedReportConfigInfoList = {AssociatedReportConfigID1, AssociatedReportConfigID2}
· associatedSubConfig = {1-2-3, 2-3}
CSI-AperiodicTriggerState 2:
· associatedReportConfigInfoList = {AssociatedReportConfigID1, AssociatedReportConfigID2}
· associatedSubConfig = {1-2, 1-2-3}
CSI processing related parameters assuming information related to N sub-configurations for CSI measurement is provided in the DCI triggering CSI reporting.
· CPU occupancy: The legacy CPU occupancy counting is specified in TS 38.214 as “, where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.” For aperiodic CSI reporting with L sub-configurations and aperiodic CSI-RS for channel measurement, the number of occupied CPUs is where  is the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration for CSI measurement.
· Counting simultaneously active CSI-RS resources for channel measurement: The legacy counting is specified in TS 39.214 as “If a CSI-RS resource is referred N times by one or more CSI Reporting Settings, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted N times. For a CSI-RS Resource Set for channel measurement configured with two Resource Groups and 𝑁 Resource Pairs, if a CSI-RS resource is referred 𝑋 times by one of the 𝑀 CSI-RS resources, where 𝑀 is defined in clause 5.2.1.4.2, and/or one or two Resource Pairs, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource are counted 𝑋 times.” For aperiodic CSI reporting with L sub-configuration and aperiodic CSI-RS for channel measurement, if a CSI-RS resource is referred 𝑋 times by one or more sub-configurations indicated for CSI measurement, the CSI-RS resource is counted 𝑋 times, and for each port subset indication, the number of CSI-RS ports are counted based on the number of active CSI-RS ports in the port subset indication when using A1-2-revised for NZP CSI-RS resource configuration for channel measurement.
Observation 2: For aperiodic CSI reporting with aperiodic CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering, the number of occupied CPUs is where  should the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration for CSI measurement.
Observation 3: For aperiodic CSI reporting with aperiodic CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering and a CSI-RS resource is referred 𝑋 times by one or more sub-configurations indicated for CSI measurement, 
· The CSI-RS resource should be counted 𝑋 times.
· For each port subset indication, the number of CSI-RS ports should be counted based on the number of active CSI-RS ports in the port subset indication when using A1-2-revised for NZP CSI-RS resource configuration for channel measurement.
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[bookmark: _Ref134101559]Figure 4: Aperiodic/Semi-persistent CSI reporting on PUSCH with periodic CSI-RS or semi-persistent CSI-RS
Aperiodic or Semi-persistent CSI reporting on PUSCH with periodic or semi-persistent CSI-RS: When CSI-RS is periodic or semi-persistent, UE only measures CSI-RS resources occurring at least Z’ symbols earlier than the first symbol for transmitting PUSCH carrying CSI as illustrated in Figure 4. Now PDCCH carrying DCI with CSI triggering may not always occurs before a valid CSI resource for CSI measurement, which requires UE to measure CSI in every CSI-RS resources before PDCCH (which is reason 3GPP spec specifies that periodic CSI-RS resource is active after it is RRC configured and inactive when it is RRC released, or semi-persistent CSI resource is active after it is activated (MAC-CE) and is inactive after it is deactivated).
Assume similar approach discussed above for aperiodic CSI-RS is used for aperiodic CSI reporting with periodic/semi-persistent CSI-RS for channel measurement. If a CSI-RS resource is referred Y times by one or more sub-configurations in a CSI report config of L sub-configurations, the CSI-RS resource should be counted Y times. Furthermore, the number of CSI-RS ports are also counted based on the resources in L sub-configurations in a CSI report config of L sub-configurations. 
Observation 4: For aperiodic CSI reporting with periodic/semi-persistent CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering, the number of occupied CPUs should be where  is the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration in the CSI report config.
Observation 5: For aperiodic CSI reporting with periodic/semi-persistent CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering and a CSI-RS resource is referred 𝑋 times by one or more sub-configurations in the CSI report config, 
· The CSI-RS resource should be counted 𝑋 times.
· For each port subset indication, the number of CSI-RS ports should be counted based on the number of active CSI-RS ports in the port subset indication when using A1-2-revised for NZP CSI-RS resource configuration for channel measurement.
MAC-CE based sub-configuration selection
As we have discussed above if we use legacy DCI with CSI triggering for sub-configuration selection, for aperiodic and semi-persistent CSI reporting on PUSCH, the CSI processing related parameters should be defined separately for each type of CSI-RS. The CSI processing related parameters may be fine for aperiodic CSI reporting with aperiodic CSI-RS. However, the CPU occupation and the number of active CSI-RS resources may be reduced for aperiodic CSI reporting with periodic/semi-persistent CSI-RS if the selection of N sub-configurations for CSI measurement is performed by MAC-CE as illustrated in Figure 5 instead of using legacy DCI with CSI. Furthermore, with the MAC-CE based approach, handling CPU occupancy and active CSI-RS resources will be the same for aperiodic/semi-persistent CSI reporting with different type of CSI-RS for channel measurement. It can also be unified with the sub-configuration selection for semi-persistent CSI reporting on PUCCH.
[image: ]
[bookmark: _Ref134103167]Figure 5: Use MAC-CE to inform N sub-configurations for CSI reporting when Aperiodic/Semi-persistent CSI reporting on PUSCH is with periodic CSI-RS or semi-persistent CSI-RS
Observation 6: If we use MAC-CE for indicating N sub-configurations out of L sub-configurations for CSI measurement, the indication can be common for aperiodic and semi-persistent CSI reporting on PUCCH/PUSCH with different CSI-RS types for channel measurement. Furthermore, the CSI processing related parameters will be defined in the same way.
Proposal 7: At least for aperiodic CSI reporting with periodic/semi-persistent CSI-RS or semi-persistent CSI reporting, the UE is provided with MAC-CE containing information associated with a subset of sub-configurations in a CSI report config for CSI measurement and reporting.
UE group common DCI
[bookmark: _Hlk134536561]There was some discussion in the last RAN1 meeting that UE group common DCI might be used for indicating sub-configurations for CSI measurement to save signaling overhead. However, since there is no feedback from UE on successful reception of the UE group DCI, gNB and UE may not be on the same page on the sub-configurations for CSI measurement and reporting (e.g., due to DCI decoding miss). From our perspectives, it is preferred to support a reliable mechanism for UE and gNB to have common understanding on sub-configurations to be used for CSI measurement and reporting. Furthermore, from CSI perspectives, since the gNB may only need to indicate sub-configuration selection and/or request CSI to a limited set of feature-capable R18 UEs, using UE group common DCI for sub-configuration selection requires all feature-capable R18 UEs to monitor the DCI, leading to higher UE power consumption and complexity.
Observation 7: Using UE group common DCI for indicating sub-configurations for CSI measurement and reporting is not reliable due to no feedback from UE on successful reception of the UE group DCI.  
CSI Report
RAN1#112b-e made the following agreements on CSI report:
	Agreement
· 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
· FFS: L1-RSRP
· Other (new) report quantity, if any
· Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE



For semi-persistent CSI reporting on PUCCH, if , it may not be feasible to report multiple CSIs in the same reporting instance with a short PUCCH format. 
Proposal 8: For semi-persistent CSI reporting on PUCCH, only long PUCCH is supported when .
Before going into discussion on how to reduce the CSI report overhead, it is important to clarify structure of CSI report with multiple CSIs. From our perspectives, the CSI report should have the following structure:
· CSI Part 1: CRI, RI and CQI associated with a reference sub-configuration, and
· CSI Part 2: Part 2 CSI associated with the reference sub-configuration (e.g., PMI, LI), and (N-1) CSIs for the remaining sub-configurations.
· Reference sub-configuration is a sub-configuration with the largest number of antenna ports based on values of corresponding (N1, N2).
Hence, we make the following proposal:
Proposal 9: For a CSI report config with L sub-configurations, if the UE reports CSIs corresponding to N sub-configurations (1 N  L) in a reporting instance, the CSI report contains:
· CSI Part 1: CRI, RI and CQI associated with a reference sub-configuration, and
· CSI Part 2: Part 2 CSI associated with the reference sub-configuration (e.g., PMI, LI), and (N-1) CSIs for the remaining sub-configurations.
· Reference sub-configuration is a sub-configuration with the largest number of antenna ports based on values of corresponding (N1, N2).
Now, from CSI report overhead reduction perspectives, only wide-band CQI and wide-band PMI should be reported. Furthermore, for CQI reporting, support differential CQI reporting where the reference CQI is the CQI associated with the reference sub-configuration. Hence, we make the following proposal:
Proposal 10: For a CSI report config with L sub-configurations, if the UE reports CSIs corresponding to N sub-configurations (1 N  L) in a reporting instance, 
· Only wide-band CQI and wide-band PMI are reported,
· For CQI reporting, support differential CQI reporting where the reference CQI is the CQI associated with the reference sub-configuration.
Other aspects
Impact of CSI-RS power change on CSI measurement under Type 2 spatial domain adaptation
Type 2 spatial domain adaptation at least impacts CSI-RS transmission power. If the UE is provided with the CSI-RS transmission power change at gNB, UE can perform CSI measurement according to the indication. If such indication is not explicitly indicated to the UE due to signaling overhead, the UE should make some assumption for NZP CSI-RS for CSI/beam management measurements. In particular, for UE that is configured with spatial domain adaptation, if it is configured to perform CSI/BM measurement and time restriction for channel measurement is not configured (i.e., timeRestrictionForChannelMeasurements in CSI-ReportConfig is set to "notConfigured"), the UE assumes the transmission power of NZP CSI-RS for channel measurement in all measurement occasions after CSI reference resource remains unchanged.
Proposal 11: For UE that is configured with spatial domain adaptation, if it is configured to perform CSI/BM measurement and time restriction for channel measurement is not configured, the UE assumes the transmission power of NZP CSI-RS for channel measurement in all measurement occasions after CSI reference resource remains unchanged.
Periodic CSI reporting
For periodic CSI reporting, only periodic CSI-RS can be configured. As we discussed earlier, from CSI processing perspectives, periodic CSI-RS is active from the time it is RRC configured until the time it is RRC released. Assume there is no L1/L2 signalling to indicate N out of L sub-configurations. If the CSI report configuration contains L sub-configurations, the UE has to compute CSI associated with the CSI-RS resources in all L sub-configurations. If new L1/L2 signalling is introduced to indicate N out of L sub-configurations, it is more preferred to go with aperiodic and/or semi-persistent CSI report.
Proposal 12: Revisit support for periodic CSI reporting after overall design for aperiodic/semi-persistent CSI reporting is clear.

Enhancements on Beam Management Procedure
Changing the number of active spatial elements (e.g., antenna ports, active transceiver chains) at gNB impacts shapes of Tx and/or Rx beams at gNB, especially at higher frequency bands where communication relies on analog beamforming. For example, when the number of active transceiver chains at gNB increases, more physical antennas will be active for beamforming, making the Tx and/or Rx beams at gNB narrower. On the other hand, when the number of active transceiver chains at gNB decreases, less physical antennas will be active for beamforming, making the Tx and/or Rx beams at gNB wider. 
The beam shape impacts how many beams (i.e., the number of CSI-RS resources per set) gNB should configure for CSI-RS transmission to support Tx beam switching procedure and/or Rx beam switching procedure at UE. In particular, for a given SSB beam, gNB would need a smaller number of CSI-RS resources per set when the number of active spatial elements is small than the case when the number of active spatial elements is large. In the 3GPP standard, CSI-RS resources per set for beam management is RRC configured to the UE as part of NZP-CSI-RS-ResourceSet. Furthermore, the UE is RRC configured with one or more CSI report configs, each includes one or multiple CSI-RS resources per set and the associated CSI-RS antenna port configuration. When multiple CSI report configs are configured, 3GPP standard allows gNB to dynamically select one of the configured CSI report configs for beam management. 
For Rx beam switching procedure, the parameter repetition in CSI-RS resource set is set to "ON". Furthermore, the UE may use FG 2-26 to indicate a recommended CSI-RS resource repetition number per resource set. In theory, the gNB may configure different CSI-RS resource repetition numbers for different CSI report configs. However, RAN4 specification (e.g., TS 38.101-2) defines CSI-RS based beam management based on the recommended repetition number. Therefore, it is expected that the configured repetition number is aligned with the recommended repetition number. For example, if the UE recommends 8 as CSI-RS resource repetition number per resource set, the gNB should configure CSI-RS resource sets having 8 CSI-RS resources with the same transmission beams.
	2-26
	Receiving beam selection using CSI-RS resource repetition "ON"
	1. Support Rx beam switching procedure using CSI-RS resource repetition "ON"
2. Recommended CSI-RS resource repetition number per resource set, 
	Mandatory with UE capability at least for FR2
Componet-2: candidate value set {2, 3, 4, 5, 6, 7, 8}


In practice, the CSI-RS resource repetition number may depend on UE implementation on how it uses antenna elements for Rx beam switching procedure. For example, the total number of candidate Rx beams is 8 when UE uses 8 antenna elements, 5 when UE uses 4 antenna elements, and 3 when UE uses 2 antenna elements. Therefore, if UE can provide can report a list of candidate values for the CSI-RS resource repetition number per resource set, the gNB might be able to configure CSI report configs with the number of CSI-RS resources per set based on the candidate values reported by the UE. With this reporting, efficiency of CSI-RS resource usage and BS power consumption can be improved. In other words, the gNB does not need to transmit unnecessary CSI-RS (e.g., overlapping beams due to dynamic adaptation of spatial elements) in Rx beam switching procedure. 
Observation 8: If UE can report a list of candidate values for the CSI-RS resource repetition number per resource set, the gNB might be able to configure CSI report configs based on the candidate values reported by the UE for improving efficiency of CSI-RS resource usage and power consumption during Rx beam switching procedure.
Proposal 13: UE reports a set of supported candidate values for the total number of CSI-RS resources per set for an CSI-RS resource set configured with repetition set to ‘on’.
Adaptation of Power Offsets between PDSCH and CSI-RS 
It has been shown during the SI that dynamic adaptation of the power offset values between PDSCH and CSI-RS is beneficial for network energy savings. 3GPP Rel-18 has the following objective for necessary enhancements on CSI to enable efficient adaptation of power offset values between PDSCH and CSI-RS.
	2. Specify the following techniques in spatial and power domains
· 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


The main motivation of this adaptation is that gNB may be able to compensate for some measurements e.g., L1-RSRP and CQI based on a transmission power difference between actual power offset and the configured power offset that the UE uses for the CSI report. This should work well with legacy 3GPP standards when the transmission power difference is not large. However, when the transmission power difference is large, the compensation at gNB may not be accurate for parameters such as RI and/or PMI. From our perspectives, the dynamic adaptation of the power offset values between PDSCH and CSI-RS can be realized by the following two main steps as illustrated in Figure 2:
[image: ]
[bookmark: _Ref127433984]Figure 2: Adaptation of power offset values between PDSCH and CSI-RS
· Step 1: CSF for adaptation of power offset values between PDSCH and CSI-RS
· gNB configures multiple CSI report settings to the UE: CSI report settings have an identical CSI-RS resource configuration in time and frequency domain. However, the CSI-RS resource in each CSI report setting corresponds to a power offset value between PDSCH and CSI-RS. Table 9 provides an example of multiple CSI report configs for the adaptation.
· UE measures and reports CSIs associated with CSI report settings.
· Step 2: gNB transmits PDSCH using a suitable transmit power
· gNB decides a suitable transmit power for PDSCH transmission based on the reported CSIs
RAN1#112b-e made the following agreements on CSI-RS resource configuration for power domain adaptation:
	
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


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.



Similar to Type 1 spatial domain adaptation with A1-2-revised for CSI-RS resource configuration, one CSI report config contains L sub-configurations where a sub-configuration is PDSCH/CSI-RS power offset delta with respect to the PDSCH/CSI-RS power offset of one or more associated CMR(s) in the NZP CSI-RS resource set for channel measurement as illustrated in Table 2. Here, the PDSCH/CSI-RS power offset as part of NZP CSI-RS resource configuration should correspond to the maximum offset the UE assumes for CSI measurement, and PDSCH/CSI-RS power offset delta reflects the power reduction amount that should be applied to the maximum offset. 
[bookmark: _Ref134618012]Table 2: Example of sub-configurations in a CSI report config for power domain adaptation
	One CSI report config with two sub-configurations:
· P-port NZP CSI-RS resource set for channel measurement
· Sub-configuration 1
· PDSCH/CSI-RS power offset delta 1 and associated CMR(s)
· Sub-configuration 2
· PDSCH/CSI-RS power offset delta 2 and associated CMR(s)



Proposal 14: One CSI report config contains L sub-configurations where a sub-configuration contains PDSCH/CSI-RS power offset delta with respect to the PDSCH/CSI-RS power offset of one or more associated CMR(s) in the NZP CSI-RS resource set for channel measurement.
· PDSCH/CSI-RS power offset delta is the power reduction amount that is applied to the PDSCH/CSI-RS power offset of the associated CMR(s).
· The number of occupied CPUs is where  is the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration for CSI measurement and  is the number of sub-configurations for CSI measurement and reporting.
Conclusion
We discuss our views on spatial and power domain techniques. In particular, the following observations and proposals are made:
Observation 1: For a CSI report config with L sub-configurations, both CPU occupation (a measure of processing load) and counting of the simultaneously active CSI-RS resources (a measure of memory use) should be properly addressed. 
Observation 2: For aperiodic CSI reporting with aperiodic CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering, the number of occupied CPUs is where  should the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration for CSI measurement.
Observation 3: For aperiodic CSI reporting with aperiodic CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering and a CSI-RS resource is referred 𝑋 times by one or more sub-configurations indicated for CSI measurement, 
· The CSI-RS resource should be counted 𝑋 times.
· For each port subset indication, the number of CSI-RS ports should be counted based on the number of active CSI-RS ports in the port subset indication when using A1-2-revised for NZP CSI-RS resource configuration for channel measurement.
Observation 4: For aperiodic CSI reporting with periodic/semi-persistent CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering, the number of occupied CPUs should be where  is the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration in the CSI report config.
Observation 5: For aperiodic CSI reporting with periodic/semi-persistent CSI-RS for channel measurement, if the sub-configuration is performed via DCI with CSI triggering and a CSI-RS resource is referred 𝑋 times by one or more sub-configurations in the CSI report config, 
· The CSI-RS resource should be counted 𝑋 times.
· For each port subset indication, the number of CSI-RS ports should be counted based on the number of active CSI-RS ports in the port subset indication when using A1-2-revised for NZP CSI-RS resource configuration for channel measurement.
Observation 6: If we use MAC-CE for indicating N sub-configurations out of L sub-configurations for CSI measurement, the indication can be common for aperiodic and semi-persistent CSI reporting on PUCCH/PUSCH with different CSI-RS types for channel measurement. Furthermore, the CSI processing related parameters will be defined in the same way.
Observation 7: Using UE group common DCI for indicating sub-configurations for CSI measurement and reporting is not reliable due to no feedback from UE on successful reception of the UE group DCI.  
Observation 8: If UE can report a list of candidate values for the CSI-RS resource repetition number per resource set, the gNB might be able to configure CSI report configs based on the candidate values reported by the UE for improving efficiency of CSI-RS resource usage and power consumption during Rx beam switching procedure.

Proposal 1: Only support A1-2-revised for Type 1 spatial domain adaptation and A1-1-revised for Type 2 spatial domain adaptation.
Proposal 2: When A1-1-revised is used for Type 2 spatial domain adaptation or A1-2-revised is used for Type 1 spatial domain adaptation, the resources have the same number of antenna ports if there is more than one NZP CSI-RS resource in the resource set for channel measurement.
Proposal 3: For a NZP CSI-RS resource that is derived based on port subset indication and a resource in the configured NZP CSI-RS resource set for channel measurement in A1-2-revised, its associated resource for interference measurement is the interference measurement resource (if configured) that is associated with the resource in the configured NZP CSI-RS resource set for channel measurement.
Proposal 4: For the total number of CSI-RS resources in an CSI-RS resource set for channel measurement,
· When A1-1-revised is used for resource configuration, the number of CSI-RS resources in an CSI-RS resource set for channel measurement follows restriction in TS 38.214. 
· When A1-2-revised is used for resource configuration, the number of CSI-RS resources in CSI-RS resource set for channel measurement and in sub-configurations follows restriction in TS 38.214. Furthermore, additional restriction is defined across sub-configurations.
Proposal 5: For a CSI report config of L>1 sub-configurations, the following should be considered for sub-configuration when A1-2-revised is used for NZP CSI-RS resource set configuration for channel measurement.
· Indication for (N1, N2) for Type I single panel and (Ng, N1, N2) for Type I multi-panel is explicit,
· A set of port subset indications where each indication contains a starting port and associated CMR in the configured resource set if more than one CMR in the set. The ports for CSI computation are determined based on the indicated starting port and (N1, N2),
· Codebook subset restriction is included in the sub-configuration, and
· RI restriction can be implicitly determined based on (N1, N2) and RI restriction associated with the codebook configuration having the largest number of ports.
Proposal 6: When A1-1-revised is used for NZP CSI-RS resource set configuration for channel measurement to support Type 2 spatial domain adaptation, no sub-configuration is needed.
Proposal 7: At least for aperiodic CSI reporting with periodic/semi-persistent CSI-RS or semi-persistent CSI reporting, the UE is provided with MAC-CE containing information associated with a subset of sub-configurations in a CSI report config for CSI measurement and reporting.
Proposal 8: For semi-persistent CSI reporting on PUCCH, only long PUCCH is supported when .
Proposal 9: For a CSI report config with L sub-configurations, if the UE reports CSIs corresponding to N sub-configurations (1 N  L) in a reporting instance, the CSI report contains:
· CSI Part 1: CRI, RI and CQI associated with a reference sub-configuration, and
· CSI Part 2: Part 2 CSI associated with the reference sub-configuration (e.g., PMI, LI), and (N-1) CSIs for the remaining sub-configurations.
· Reference sub-configuration is a sub-configuration with the largest number of antenna ports based on values of corresponding (N1, N2).
Proposal 10: For a CSI report config with L sub-configurations, if the UE reports CSIs corresponding to N sub-configurations (1 N  L) in a reporting instance, 
· Only wide-band CQI and wide-band PMI are reported,
· For CQI reporting, support differential CQI reporting where the reference CQI is the CQI associated with the reference sub-configuration.
Proposal 11: For UE that is configured with spatial domain adaptation, if it is configured to perform CSI/BM measurement and time restriction for channel measurement is not configured, the UE assumes the transmission power of NZP CSI-RS for channel measurement in all measurement occasions after CSI reference resource remains unchanged.
Proposal 12: Revisit support for periodic CSI reporting after overall design for aperiodic/semi-persistent CSI reporting is clear.
Proposal 13: UE reports a set of supported candidate values for the total number of CSI-RS resources per set for an CSI-RS resource set configured with repetition set to ‘on’.
Proposal 14: One CSI report config contains L sub-configurations where a sub-configuration contains PDSCH/CSI-RS power offset delta with respect to the PDSCH/CSI-RS power offset of one or more associated CMR(s) in the NZP CSI-RS resource set for channel measurement.
· PDSCH/CSI-RS power offset delta is the power reduction amount that is applied to the PDSCH/CSI-RS power offset of the associated CMR(s).
· The number of occupied CPUs is where  is the total number of NZP CSI-RS resources for channel measurement referred by the nth sub-configuration for CSI measurement and  is the number of sub-configurations for CSI measurement and reporting.
Reference
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