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Introduction
In RAN#99 [1], it was agreed, for Rel 18 WI on network energy savings, to focus on the following as one of the objectives:
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 paper, we provide input for above objective.
Discussion

Joint operation of Spatial Domain and Power Domain adaptations

gNB transceiver operation adaptations in spatial domain (SD) and/or power domain (PD) can help in reducing network energy consumption. In spatial domain, energy savings are achieved by muting a portion of the transceivers whereby the involved circuitry is turned off. In power domain, the savings are mainly achieved by reduction in downlink transmit power for PDSCH transmissions. There is a trade-off between energy saving gains and UE performance loss. The intention here is to accomplish energy savings with little to no impact on UE perceived performance which we believe is possible in some scenarios depending on deployment, load, and UE coverage (e.g., for UEs in good coverage). To avoid recurrent reconfigurations and excessive UE performance loss caused by either or combinations of SD and PD adaptations, it is necessary for the gNB to acquire knowledge of what performance the different adaptations would result in prior to the actual adaptation. Furthermore, it is desired that the gNB can acquire such knowledge as swiftly as possible with as few CSI reports as possible. This requires that the UE can report not only CSI for current transceiver configuration, e.g., 32 transceiver chains and current output power levels, but also CSI for other candidate configuration(s) including combinations of SD and PD adaptations, e.g., 16, 8, or 4 transceivers and different power offset (PDSCH-to-CSI-RS power offset) levels. 
[bookmark: _Toc142654024]For efficient combination(s) of SD and PD adaptations, it is necessary for the gNB to acquire CSI reports including hypotheses for combined SD and PD adaptations rather than multiple separate CSI reporting steps.

In RAN1#113 it was agreed to jointly control the spatial and power domain adaptations:
Agreement
Joint operation of SD and PD adaptation is supported.

Our understanding of this agreement is that the gNB can configure the UE to report CSI on hypotheses involving combination(s) of both PD and SD adaptations. For example, the gNB can ask the UE to report a 16-port subset (out of configured 32-port) while also assuming a lower value for powerControlOffset (e.g., -3 dB) for that 16-port subset hypothesis. We would like to confirm this understanding among the companies in RAN1.
[bookmark: _Toc142654025] “Joint operation of SD and PD adaptation” includes both joint configuration and joint CSI reports, i.e., reports with combination(s) of PD and SD hypotheses.
For such joint operations, we think it is important to design a common configuration and reporting framework that allows for hypotheses reporting with either or both of SD and PD adaptations. Furthermore, the same adaptation procedure can be used for both, where the adaptation procedure includes the steps of:
· gNB configures the UE with multiple different hypothesized SD and/or PD values and trigger the UE to measure/report on them
· UE measures and reports on multiple different hypothesized SD and/or PD values
· Based on the UE reports, the gNB selects amongst the hypotheses
· The gNB dynamically indicates to UE which hypothesis it should use for the purpose of future CSI measurements and reports. This can be done, for example, when the next CSI report is requested by the gNB.

Multiple-CSI measurement/report for SD/PD adaptation

When it comes to configuration of the hypotheses, a similar framework as already agreed for spatial domain adaptation can be used for both SD and PD adaptations. Namely, a CSI-ReportConfig is configured with multiple (L) sub-configurations, where each sub-configuration contains a set of parameters for the type of adaptation. For a joint configuration framework, we think that the CSI-ReportConfig can optionally contain one or more sub-configurations where each sub-configuration optionally/conditionally contains configuration parameters for PD and/or SD adaptations. Such structure is visualized below. 
[image: ]
[bookmark: _Toc142654119]For joint PD and SD adaptation, a sub-configuration contains configuration parameters for PD and/or SD adaptations.
If the newly introduced sub-configuration (SubConfig x) is present in the CSI-ReportConfig, for that specific sub-configuration, the associated PD and/or SD SubConfig parameters override the original (legacy) counterparts. For example, if a power domain adaptation parameter (power offset) is configured, it would override the configured offset in the associated NZP-CSI-RS-Resource configuration. If spatial domain adaptation parameters are configured (N1/N2, codebook subset restriction, etc.), they would override the values configured in CodeBookConfig. 
[bookmark: _Toc142654120]If the newly introduced sub-configuration (SubConfig x) is present in the CSI-ReportConfig, for that specific sub-configuration, the associated PD and/or SD SubConfig parameters override the original (legacy) counterparts.
As indicated in the figure above, the PD and SD SubConfig parameters are conditional, meaning that if SubConfig is present in the CSI-ReportConfig, at least one of the SubConfig parameters (PD or SD) must be present. 
[bookmark: _Toc142654121]if SubConfig is present in the CSI-ReportConfig, at least one of the SubConfig parameters (PD or SD) must be present.
Furthermore, in a CSI-ReportConfig, if more than one SubConfig is present, only one type of SD adaptation (either type-1 or type-2) is relevant across the sub-configurations, i.e., there is no mixture of type-1 and type-2 SD SubConfigs in the same CSI-ReportConfig. For example, as shown in figure below, all the SD SubConfigs are of the same type (e.g., type-1 in this example):
[image: ]
[bookmark: _Toc142654122]If more than one SubConfig is present, only one type of SD adaptation (either type-1 or type-2) is relevant across the sub-configurations.
When it comes to counting of sub-configuration, e.g., against a potential UE capability on maximum number of sub-configurations, each of the SubConfigs is counted as part of the L sub-configurations. For example, in the figure above, SubConfig1 counts as 1 sub-configuration even though it contains configuration parameters for both PD and SD. From the UE’s perspective, this sub-configuration leads to one CSI in which PD’s and SD’s original configuration parameters are overridden. 
[bookmark: _Toc142654123]A SubConfig contains one PD and/or SD setting, and L is the total number of SubConfigs.
The mechanisms for triggering the report on the sub-configurations is dependent on the report types Aperiodic, Semi-persistent, Periodic, and the channel (PUCCH/PUSCH) used for the report. 
Aperiodic and semi-persistent reports on PUSCH
[bookmark: _Hlk139280647]For aperiodic and semi-persistent reports on PUSCH, we think a straightforward approach is to maintain the same framework for CSI report triggering as in current specifications. Such triggering is based on the CSI request field in DCI 0_1/0_2 and the associated trigger states configured via the RRC information elements CSI-AperiodicTriggerStateList and CSI-SemiPersistentOnPUSCH-TriggerStateList, where each element in this list maps to a different codepoint of the CSI request field in DCI. As in current specifications, a trigger state is associated with a CSI-ReportConfig. This is in line with the highlighted part of the agreement from RAN1#113:
Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one eportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering

To enable multiple reported CSIs, the trigger state configuration can be extended with an optional list of indicators that point to sub-configurations within the associated CSI-ReportConfig. For example, to indicate to the UE that one or more PD/SD hypotheses should be used for CSI reporting purposes, the trigger state within CSI-AperiodicTriggerStateList / CSI-SemiPersistentOnPUSCH-TriggerStateList, is enhanced to include a new optional list that can point to one or more SubConfig(s) which in turn indicates N out of the L sub-configurations in CSI-ReportConfig. This optional list can e.g. be added within the CSI-AssociatedReportConfigInfo parameter for the aperiodic CSI reporting case, and within the CSI-SemiPersistentOnPUSCH-TriggerState parameter for the case of semi-persistent reports on PUSCH. This framework is exemplified in the figure below for aperiodic reporting:
[image: ]
In this figure, 4 sub-configurations (L=4) are provided. Furthermore, 4 trigger states (Trigger States 1...4) are configured. Trigger state 4 does not include the optional list of earlier mentioned indicators (SubConfig-Id-List), and therefore the sub-configurations in the CSI-ReportConfig are not applicable to this trigger state. Trigger states 1…3 on the other hand are associated with various sub-configurations based on which the originally configured settings for the CSI are overridden upon triggering and reporting. Trigger state 1 is associated with 2 hypotheses (N=2), namely SubConfig 1 (combined SD/PD hypothesis for a 16-port subset in conjunction with -3dB power offset) and SubConfig 2 (PD-only hypothesis with -6dB power offset). Trigger state 2 is only associated with 1 (N=1) PD sub-configuration. Trigger state 3 is associated with 2 (N=2) SD sub-configurations, namely SubConfig3 (SD hypothesis for 16-port subset) and SubConfig4 (SD hypothesis for 8-port subset).
[bookmark: _Toc142654124]For aperiodic and semi-persistent reports on PUSCH, for a trigger state, higher layer signaling is introduced for indication of N out of L sub-configurations (SubConfigs) within an associated CSI-ReportConfig. For example, a new RRC parameter that indicates a list of N sub-configuration IDs (N = 1 .. L) can be added within a trigger state.

In addition, we think that all the CSI-RS resources in the associated CSI-RS resource set (for channel measurement) are commonly applicable to all the sub-configurations in a CSI-ReportConfig rather than different resources associated with different sub-configurations. The only exception to this is the Type-2 SD adaptation in which the sub-configurations refer to specific CSI-RS resources as outlined later in this document.
[bookmark: _Toc142654125]For Type 1 SD and PD adaptation, all the resources configured by the associated CSI-RS resource set (for channel measurement) are commonly applicable to all the sub-configurations in a CSI-ReportConfig rather than different CSI-RS resources per sub-configuration.

Power domain energy saving techniques

When it comes to gNB transmission power adaptations, mainly CSI-RS and PDSCH transmissions have been under discussion during the WI. In our opinion, it is the PDSCH Tx power adaptations that brings most of the energy savings for the gNB. Many times, the transmitted CSI-RSs are shared by more than one UE and occupy only a few resources and we therefore here only assume that it is the PDSCH energy-per-resource element (EPRE) that is dynamically changed. Upon such change, if the EPRE of CSI-RS does not change accordingly, the actual power offset between PDSCH and CSI-RS REs will change. If this is not compensated in the UE’s CSI estimates, the CSI accuracy degrades, particularly the accuracy of MIMO rank estimation (RI). Such inaccuracies are not something that the gNB can compensate simply by scaling the CSI reports received from the UE. Therefore, it would enhance CSI estimation accuracy if the UE reports CSI based on the actual power offset between PDSCH to CSI-RS that the gNB may use. In the current specifications, while an NZP-CSI-RS resource is configured with power offset setting between PDSCH and CSI-RS (powerControlOffset) and also power offset setting between CSI-RS and SSS (powerControlOffsetSS), we only address the former since, as mentioned earlier, we do not think changing CSI-RS Tx power brings major savings.
[bookmark: _Toc142654026]CSI-RS transmissions are often shared by more than one UE and occupy only a few time/frequency resources.
[bookmark: _Toc142654027]When it comes to power domain energy savings, it is the PDSCH Tx power adaptation, rather than that of CSI-RS, that brings most of the energy savings for the gNB.
[bookmark: _Toc142654126]For PD adaptation techniques, dynamic updates for powerControlOffsetSS are not supported. I.e., do not consider the case where CSI-RS power is dynamically changed.
[bookmark: _Toc134778629][bookmark: _Toc134714937][bookmark: _Toc134715599][bookmark: _Toc134715856][bookmark: _Toc134743369][bookmark: _Toc134778630][bookmark: _Toc134714938][bookmark: _Toc134715600][bookmark: _Toc134715857][bookmark: _Toc134743370][bookmark: _Toc134778631][bookmark: _Toc134714939][bookmark: _Toc134715601][bookmark: _Toc134715858][bookmark: _Toc134743371][bookmark: _Toc134778632][bookmark: _Toc134714940][bookmark: _Toc134715602][bookmark: _Toc134715859][bookmark: _Toc134743372][bookmark: _Toc134778633][bookmark: _Toc134714941][bookmark: _Toc134715603][bookmark: _Toc134715860][bookmark: _Toc134743373][bookmark: _Toc134778634][bookmark: _Toc134714942][bookmark: _Toc134715604][bookmark: _Toc134715861][bookmark: _Toc134743374][bookmark: _Toc134778635][bookmark: _Toc134714943][bookmark: _Toc134715605][bookmark: _Toc134715862][bookmark: _Toc134743375][bookmark: _Toc134778636][bookmark: _Toc134714944][bookmark: _Toc134715606][bookmark: _Toc134715863][bookmark: _Toc134743376][bookmark: _Toc134778637][bookmark: _Toc134714945][bookmark: _Toc134715607][bookmark: _Toc134715864][bookmark: _Toc134743377][bookmark: _Toc134778638]
When it comes to configuration of PD (powerControlOffset) hypotheses, reporting, and indication from the NW side, the same steps as pointed out in previous section can be used. I.e., the framework described for joint SD/PD adaptation can be used while leaving out the optional SD sub-configuration parameters. This is exemplified in the figure below for reporting on PUSCH including trigger states:

[image: ]
The same framework can be used for periodic reporting where the UE reports on all L sub-configurations within the CSI-ReportConfig.

[bookmark: _Toc142654127]For PD adaptation, support one CSI report configuration (CSI-ReportConfig) containing one or multiple CSI report sub-configurations where each sub-configuration corresponds to a different powerControlOffset.
We point out that some companies propose configuring multiple power offsets within a CSI-RS resource configuration itself. We do not think this is a good way forward, as it does not achieve a unified SD/PD framework. It is preferrable to include all parameters that are being adapted within the sub-configurations, and if a power offset value within a triggered sub-configuration is different from the one configured within the associated CSI-RS resource, the value within the CSI-RS resource is overridden.
[bookmark: _Toc134743581][bookmark: _Toc134743645][bookmark: _Toc134743704][bookmark: _Toc134743817][bookmark: _Toc134778647][bookmark: _Toc134778700][bookmark: _Toc134778741][bookmark: _Toc134743499][bookmark: _Toc134743582][bookmark: _Toc134743646][bookmark: _Toc134743705][bookmark: _Toc134743818][bookmark: _Toc134778648][bookmark: _Toc134778701][bookmark: _Toc134778742][bookmark: _Toc134743389][bookmark: _Toc134743451][bookmark: _Toc134743500][bookmark: _Toc134743583][bookmark: _Toc134743647][bookmark: _Toc134743706][bookmark: _Toc134743819][bookmark: _Toc134778649][bookmark: _Toc134778702][bookmark: _Toc134778743][bookmark: _Toc131706776][bookmark: _Toc142654128]Do not support configuration of multiple power offset values (powerControlOffset) within a CSI-RS resource. Multiple power offsets are configured instead within the sub-configurations. If a triggered sub-configuration has an offset different than the one within the associated CSI-RS resource, then the configured value within the CSI-RS resource is overridden.
[bookmark: _Toc134714958][bookmark: _Toc134715620][bookmark: _Toc134715877][bookmark: _Toc134743392][bookmark: _Toc134743454][bookmark: _Toc134743502][bookmark: _Toc134743585][bookmark: _Toc134743649][bookmark: _Toc134743708][bookmark: _Toc134743821][bookmark: _Toc134778651][bookmark: _Toc134778704][bookmark: _Toc134778745][bookmark: _Toc134647755][bookmark: _Toc134647804][bookmark: _Toc134714960][bookmark: _Toc134715622][bookmark: _Toc134715879][bookmark: _Toc134743394][bookmark: _Toc134743456][bookmark: _Toc134743504][bookmark: _Toc134743587][bookmark: _Toc134743651][bookmark: _Toc134743710][bookmark: _Toc134743823][bookmark: _Toc134778653][bookmark: _Toc134778706][bookmark: _Toc134778747]
Spatial domain energy saving enhancements

When it comes to gNB transmission power adaptations, two types of adaptations have been discussed during the WI, namely Type-1 and Type-2 adaptations. In RAN1#113, the following agreements were made:
Agreement
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.
 
Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.

An inherent aspect of Type-2 spatial element adaptation is that turning off a subset of antennas affects the transmission power. It shall however be noted that the resulting transmission power changes shall not affect the cell-specific signals as pointed out by the WID:
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
Hence, we can assume that in these symbols/slots used for transmission of cell-specific signals, all antenna elements associated with each logical antenna port should be enabled.
[bookmark: _Toc142654028]According to the WID, the enhancements for Type-2 spatial element adaptation are not applicable for SSB and for PDCCH in symbols that UEs monitor for common search spaces (CSS).
However, as CSI-RS is a UE-specific signal, it is in the scope of the WID to discuss Type-2 adaptation for CSI-RS. The associated side effects of power changes when turning off antennas according to the Type-2 scheme for CSI-RS transmission may result in that the RRC configured powerControlOffsetSS becomes incorrect. For the case of periodic CSI-RS, this may introduce complications in the following areas:
· UL Power Control:
For UL power control, either SSB or periodic CSI-RS can be used as a pathloss reference. If periodic CSI-RS is used as the pathloss reference, and the powerControlOffsetSS is incorrect, the pathloss estimated by the UE that is used in the UE Tx calculation becomes inaccurate. 
· Beam Failure Recovery (Link Recovery)
For beam failure recovery the radio link quality is monitored based on SSB or periodic CSI-RS. For the case of periodic CSI-RS, the UE measures L1-RSRP and compares it to a threshold after scaling the CSI-RS reception value by the configured value of powerControlOffsetSS which would be different than the actual value as mentioned above.
Based on this discussion, we think the simplest solution is to avoid Type-2 adaptation for periodic CSI-RS, like Type-2 adaptation is avoided for SSBs,
[bookmark: _Toc142654129]Type-2 spatial element adaptation enhancement is not supported in symbols configured with periodic CSI-RS. I.e., updates to powerControlOffsetSS are not supported for periodic CSI-RS. 
When it comes to Type-2 SD sub-configuration parameters, we don’t see the need for any of the highlighted parameters that are listed as FFS in the below agreement from RAN1#113, namely codebookConfig, CQI table indication, reportFreqConfiguration, and report quantity.
Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4
· for Type 2 SD adaptation with A1-1-revised, for each sub-configuration
· a list of CSI-RS resource ID
· FFS: codebookConfig (including codebookSubsetRestriction/ ri-Restriction)
· FFS: CQI table indication
· FFS: reportFreqConfiguration
· FFS: report quantity
Above is agreed in addition to what was agreed in previous RAN1 agreements

In our opinion, the only thing that is needed in a sub-configuration for Type-2 is the CSI-RS resource ID list. Since this list is not needed for Type-1 SD, this also serves as an implicit differentiation between Type-1 SD and Type-2 SD without having to explicitly define those terms in RAN1 specifications.
[bookmark: _Toc142654130]Sub-configuration parameters for codebookConfig, CQI table indication, reportFreqConfiguration, and report quantity is not supported for Type-2 SD adaptation. 
[bookmark: _Toc142654029]The presence of a list of CSI-RS resource list in a sub-configuration for Type-2 SD adaptation serves as an implicit differentiation between Type-1 SD and Type-2 SD without having to explicitly define those terms in RAN1 specifications.

CPU Occupation

In RAN#113, the following agreement was made related to CPU occupation for the case of ap-CSI and sp-CSI reporting where N out of L sub-configurations are indicated. As agreed in the same meeting, the N out of L sub-configurations are indicated by DCI for the case of ap-CSI reporting and by MAC-CE for the case of sp-CSI reporting.
Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214

So far, the upper limit in the summation  has been agreed only for the case of ap-CSI-RS. There is not yet an agreement for the case of sp-CSI-RS or p-CSI-RS. We will argue that the agreement for ap-CSI-RS should also apply to sp-CSI-RS and p-CSI-RS.
The agreement for ap-CSI-RS is that the number of occupied CPUs is given by

where  is the number of CSI-RS resources associated with the i-th sub-configuration. For example, for the case of non-precoded CSI-RS (no port virtualization), only a single CSI-RS () per sub-configuration is needed both for Type-1 and Type-2 SD adaptation and for PD adaptation. Hence, the number of occupied CPUs is . In other words, the number of occupied CPUs is equal to the number N of triggered/activated CSI reports.
We note that this is consistent with current specifications where the number of occupied CPUs corresponding to a single CSI report associated with a single CSI-ReportConfig is specified as follows:-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RI-PMI-CQI', 'cri-RI-i1', 'cri-RI-i1-CQI', 'cri-RI-CQI', or 'cri-RI-LI-PMI-CQI', 
-	if max{ µPDCCH, µCSI-RS, µUL} ≤ 3, and if a CSI report is aperiodically triggered without transmitting a PUSCH with either transport block or HARQ-ACK or both when L = 0 CPUs are occupied, where the CSI corresponds to a single CSI with wideband frequency-granularity and to at most 4 CSI-RS ports in a single resource without CRI report and where codebookType is set to 'typeI-SinglePanel' or where reportQuantity is set to 'cri-RI-CQI', ,
-	If a CSI-ReportConfig is configured with codebookType set to 'typeI-SinglePanel' and the corresponding CSI-RS Resource Set for channel measurement is configured with two Resource Groups and  Resource Pairs, , where  is the number of CPUs occupied by a pair of CMRs subject to mTRP-CSI-numCPU-r17 and  is defined in clause 5.2.1.4.2.
-	otherwise, , where is the number of CSI-RS resources in the CSI-RS resource set for channel measurement.


Hence if N CSI reports are requested based on N CSI-ReportConfig’s, respectively, the number of occupied CPUs would be  which is equivalent to N for the case of . 
We also note that according to current specifications, for a CSI report corresponding to a CSI-ReportConfig, the CPUs for sp-CSI and ap-CSI reporting are occupied by a duration of time defined as follows:[38.214 Section 5.2.1.6]
For a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity not set to 'none', the CPU(s) are occupied for a number of OFDM symbols as follows:
-	A periodic or semi-persistent CSI report (excluding an initial semi-persistent CSI report on PUSCH after the PDCCH triggering the report) occupies CPU(s) from the first symbol of the earliest one of each CSI-RS/CSI-IM/SSB resource for channel or interference measurement, respective latest CSI-RS/CSI-IM/SSB occasion no later than the corresponding CSI reference resource, until the last symbol of the configured PUSCH/PUCCH carrying the report.
-	An aperiodic CSI report occupies CPU(s) from the first symbol after the PDCCH triggering the CSI report until the last symbol of the scheduled PUSCH carrying the report. When the PDCCH reception includes two PDCCH candidates from two respective search space sets, as described in clause 10.1 of [6, TS 38.213], for the purpose of determining the CPU occupation duration, the PDCCH candidate that ends later in time is used.


For the case of ap-CSI reporting, the CPUs are occupied from the first symbol after the PDCCH that triggers the CSI report up until the last symbol of the PUSCH carrying the report. There is no dependence of either the number of CPUs or the CPU occupation duration on the type of CSI-RS (ap-, sp-, or p-CSI-RS). For the case of sp-CSI reporting, the CPUs are occupied by a number of symbols, S, prior to the last symbol of the PUSCH or PUCCH carrying the report, where S is a function of the CSI reference resource. Aside from the definition of the reference resource, there is no dependence of either the number of CPUs or the CPU occupation duration on the type of CSI-RS (sp- or p-CSI-RS).
Based on these observations, for NES operation, the above agreement for ap-CSI-RS should be extended also to the case of sp-CSI-RS and p-CSI-RS. Hence we propose the following update to the agreement

[bookmark: _Toc142654131]Update the agreement from RAN1#113 as follows:
Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS, sp-CSI-RS, and p-CSI-RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214

Port/Resource Counting

In RAN#113, the following agreement was made related to triggering CSI reports for N out of L sub-configurations for the case of ap-CSI and sp-CSI reporting. The N out of L sub-configurations are indicated by DCI for the case of ap-CSI reporting and by MAC-CE for the case of sp-CSI reporting.
Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering

In this agreement, there are a number of FFSs regarding counting of CSI-RS resources/ports. This may relate to the following UE capabilities (see 38.306) on the maximum number of simultaneous CSI-RS resources and CSI-RS ports across simultaneous CSI-RS resources. There are capabilities defined on a maximum number per CC and a capability on the maximum number across all CCs:
Per-CC values:
-	maxNumberSimultaneousNZP-CSI-RS-PerCC indicates the maximum number of simultaneous CSI-RS-resources per CC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-PerCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources per CC.
Aggregate values over all CCs:
-	maxNumberSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the maximum number of simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> maxNumberSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> maxNumberSimultaneousNZP-CSI-RS-PerCC;
-	totalNumberPortsSimultaneousNZP-CSI-RS-ActBWP-AllCC indicates the total number of CSI-RS ports in simultaneous CSI-RS resources (irrespective of the associated codebook type) in active BWPs across all CCs, and across MCG and SCG in case of NR-DC. The network applies this limit in addition to the limits signalled in MIMO-ParametersPerBand-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC and in Phy-ParametersFRX-Diff-> totalNumberPortsSimultaneousNZP-CSI-RS-PerCC.
In the above agreement for the case of ap-CSI reporting, so far it has been agreed that the active/simultaneous CSI-RS resource/port counting depends on N when the report is based on ap-CSI-RS, but it is still FFS how to do the counting. Furthermore, it is FFS on counting for ap-CSI and sp-CSI reporting based on sp/p-CSI-RS. Some methods of counting have serious consequences for the usefulness of the NES feature. In fact, some methods are so restrictive that they make the NES feature as a whole completely useless, and thus should be avoided.
Resource/Port Counting for SD Adaptation

To explore different counting methods, we make the following definitions:
· L = Number of configured sub-configurations in a CSI-ReportConfig
· N = Number of triggered sub-configurations amongst the L configured ones
·  = Set of indices of the N triggered sub-configurations, e.g., {2,3}, {1}, {1,2,..,L} etc.
·  = Total number of CSI-RS resources associated with the i-th sub-configuration
·  = Total number of ports across all  CSI-RS resources associated with the i-th sub-configuration
·  = Number of simultaneous CSI-RS resources counted against the UE capability 
·  = Number of simultaneous CSI-RS ports counted against the UE capability
To attach concrete numbers to different counting methods, consider an example of Type-1 SD adaptation in which a single CSI-ReportConfig is configured with L = 3 sub-configurations and the i-th sub-configuration is associated with  CSI-RS resource with 32 ports. Furthermore, all sub-configurations refer to the same single CSI-RS resource, but each sub-configuration indicates a different subset of the 32 ports:
Configuration Example
· Single CSI-ReportConfig with L = 3 sub-configurations:
· Sub-configuration 1
· 32 port subset (all ports)
· Sub-configuration 2
· 16-port subset
· Sub-configuration 3
· 8-port subset
· Single 32 port CSI-RS resource, i.e., 
· UE capable of 4 simultaneous CSI-RS resources per CC (maxNumberSimultaneousNZP-CSI-RS-PerCC = 4)
· UE capable of 32 simultaneous ports over the simultaneous CSI-RS resources per CC (totalNumberPortsSimultaneousNZP-CSI-RS-PerCC = 32)
In the above example we consider per-CC capabilities on simultaneous CSI-RS resources/ports for typical UEs operating in the field.
Resource Counting for SD Adaptation
Here we consider a resource counting approach where the number of simultaneous CSI-RS resources are counted once per triggered sub-configuration, despite the fact that all sub-configurations refer to the same single CSI-RS resource. This counting approach is expressed as

Using the numerical example above, if all 3 sub-configurations are triggered (N = 3), the count would be  simultaneous CSI-RS resources. Clearly this is less than the UE capability, hence this counting approach for resources seems okay for the case of . If each sub-configuration is instead associated with a resource set containing multiple CSI-RS resources, e.g., , then it would be possible to only trigger a single sub-configuration (N = 1) to avoid exceeding the UE capability. This is a severe restriction that would make the NES feature useless for the case of  unless a different counting approach is adopted or the minimum UE capability for NES is increased. We note that the situation would be even worse if simultaneous CSI-RS resources would be counted once per configured sub-configuration, i.e., .
One example of a different counting approach could be to avoid counting once per sub-configuration, but count instead as once per CSI-ReportConfig which recognizes that all sub-configurations typically refer to the same CSI-RS resource(s). This counting approach would be expressed as
.
[bookmark: _Toc142654030]Counting simultaneous CSI-RS resources once per sub-configuration (triggered N or configured L) can quickly exhaust a typical UE capability on maximum number of simultaneous CSI-RS resources. Unless a different counting approach is adopted or the minimum UE capability for NES is increased or separate capability limits are introduced for NES, the NES feature is severely restricted making it not useful for .

Port Counting for SD Adaptation
Here we consider several different port counting approaches to identify one that makes the NES feature as a whole useful.
· Port Counting Approach #1
· Here we consider a counting approach whereby the number of simultaneous CSI-RS ports is counted once per triggered sub-configuration, despite the fact that all sub-configurations refer to the same single CSI-RS resource. This counting approach is expressed as

Using the numerical example above, if all 3 sub-configurations are triggered (N = 3), the count would be  simultaneous ports. This far exceeds the 32-port UE capability on maximum number of simultaneous CSI-RS ports per CC. In order to avoid exceeding the UE capability, the number of triggered sub-configurations would be at most N = 1. We note that the situation would be even worse if simultaneous CSI-RS ports would be counted once per configured sub-configuration, i.e., . If this would be supported, the number of triggered sub-configurations would be at most L = 1.
· We note that these observations would remain the same in case each sub-configuration is instead associated with a resource set containing multiple CSI-RS resources, e.g., . In this case, the number of ports per resource would likely be less, e.g., 8, such that  which is defined as the total number of ports across all  CSI-RS resources, would remain as , resulting in .

[bookmark: _Toc142654031]Counting simultaneous CSI-RS ports once per sub-configuration (triggered N or configured L) exhausts a typical UE capability on maximum number of simultaneous CSI-RS ports. Unless a different counting approach is adopted or the minimum UE capability for NES is increased or separate capability limits are introduced for NES, the NES feature becomes useless since it is limited to triggering or configuring only a single sub-configuration.

· Port Counting Approach #2
· Here we consider a counting approach whereby the number of simultaneous CSI-RS ports is counted once per triggered sub-configuration, but only the ports in the port subset  are counted for each sub-configuration. This counting approach is expressed as 

Using the numerical example above, if all 3 sub-configurations are triggered (N = 3), the count would be  simultaneous ports. This still exceeds the 32-port UE capability on maximum number of simultaneous CSI-RS ports per CC. However, at least it opens the possibility to trigger two sub-configurations (N = 2), e.g., the 2nd and 3rd sub-configurations. This would result in  which is within the UE capability of 32 simultaneous ports. With this kind of operation, the 1st sub-configuration could be triggered separately (N = 1) to avoid exceeding the 32-port UE capability.
· We note these observations would remain the same in case each sub-configuration is instead associated with a resource set containing multiple CSI-RS resources, e.g., . In this case, the number of ports in a port subset would be smaller than for the case of , but the total number of ports over all  resources would remain the same/similar as for  , leading to the same/similar value of .

[bookmark: _Toc142654032][bookmark: _Hlk142470575]Counting simultaneous CSI-RS ports in a port subset once per triggered sub-configuration allows triggering of at least 2 sub-configurations (N = 2) for a typical UE capability on maximum number of simultaneous CSI-RS ports, thus making the NES feature more useful. Still, it would be beneficial to discuss increasing the minimum UE capability for NES or introducing separate capability limits for NES or adopting a less strict counting approach to make the NES feature more flexible.

As can be seen in the above analysis, different counting approaches lead to vastly different requirements on UE capability on maximum number of simultaneous CSI-RS resources/ports in order for the NES feature to be useful. Based on this, it is important to agree at the same time on the resource/port counting approach and the minimum UE capability on simultaneous resources/ports for UEs supporting NES, since these aspects are tightly coupled. Based on this we propose the following:
[bookmark: _Toc142654132][bookmark: _Hlk142470600]For SD adaptation, RAN1 shall agree at same time on (1) counting approaches for simultaneous CSI-RS resources/ports, and (2) minimum values for the NES UE capabilities on the maximum number of simultaneous CSI-RS resources/ports per CC and over all CCs.
[bookmark: _Toc142654133]For SD adaptation, the agreed counting approaches and associated minimum UE capabilities on maximum number of simultaneous CSI-RS resources/ports for NES should allow triggering of at least N = 2 or 3 out of L sub-configurations for ap-CSI and sp-CSI reporting based on ap-CSI-RS, sp-CSI-RS, and p-CSI-RS.

Resource/Port Counting for PD Adaptation

Resource Counting for PD Adaptation
For PD adaptation, the CSI-RS resource counting approach discussed in the previous section for SD adaptation has the same problem for . Namely, unless a different counting approach is adopted or the minimum UE capability on simultaneous CSI-RS resources for NES is increased, it will not be possible to trigger more than N = 1 or sub-configurations which makes the NES feature useless for .
Port Counting for PD Adaptation
For PD adaptation, neither port counting Approach #1 nor Approach #2 discussed in the previous section for SD adaptation is workable. In fact, for PD adaptation, Approach #2 becomes equivalent to Approach #1 since there are no port subsets. Hence, for the numerical example used in the previous section, with 3 different sub-configurations corresponding to different power offsets, the number of simultaneous CSI-RS ports turns out to be  Clearly, a different counting approach is needed or the minimum value for the UE capability on max number of simultaneous ports needs to be increased to avoid limiting the number of triggered sub-configurations.
Like for SD adaptation, we propose the following:
[bookmark: _Toc142654134]For PD adaptation, RAN1 shall agree at same time on (1) counting approaches for simultaneous CSI-RS resources/ports, and (2) minimum values for the NES UE capabilities on the maximum number of simultaneous CSI-RS resources/ports per CC and over all CCs.
[bookmark: _Toc142654135]For PD adaptation, the agreed counting approaches and associated minimum UE capabilities on maximum number of simultaneous CSI-RS resources/ports for NES should allow triggering of at least N = 2 or 3 out of L sub-configurations for ap-CSI and sp-CSI reporting based on ap-CSI-RS, sp-CSI-RS, and p-CSI-RS.
The same principles are above should also apply for the joint SD and PD adaptation case.
CSI Parts, Priority, and Mapping Order

CSI Part I and Part 2

In existing specifications, the UE can be configured to report NRep > 1 CSI reports depending on the number of configured CSI-ReportConfig’s. Depending on whether the CSI feedback is carried by  PUSCH or PUCCH, whether the reporting granularity is wideband or subband, the CSI reporting quantities are split into two parts (see 38.214 Section 5.2.3 and 5.2.4). Part 1 contains the following:
· RI (if reported)
· CRI (if reported)
· CQI for 1st codeword (if reported)
Part 1 is reported in its entirety before Part 2. Part 1 also contains an indication of how many information bits are contained in Part 2. Part 2 contains the following:
· PMI (if reported)
· LI (if reported)
· CQI for 2nd codeword for RI > 4 (if reported)
Based on a set of priority reporting levels defined 38.214 Table 5.2.3-1 and priority values  defined in 38.214 Section 5.2.5, the UE can omit all or a portion of Part 2 for one or more reports if the payload requires more radio resources than are available. This applies to both CSI reporting using PUSCH or PUCCH. The highest priority reporting level corresponds to wideband PMI for all NRep reports. The lower priority reporting levels correspond to either even or odd subbands of subband PMI for a given one of the  NRep reports (see Table 5.2.3-1). Furthermore, for the case of CSI reporting on PUCCH, if all reports consist of Part 1 only, the UE can omit one or more CSI reports, again, based on the priority values .
Since the existing spec already supports reporting of multiple (NRep) CSI reports, and NES functionality also requires multiple CSI reports, we think that the existing definitions of Part 1 and Part 2 can be reused for NES purposes. We don’t see a need for enhancements. Furthermore, we think that the Part 2 CSI reporting levels defined in Table 5.2.3-1 can also be reused “as is.” The only difference compared to existing specifications is that the number of CSIs NRep for NES purposes is now determined not only by the number of carriers and number of CSI-ReportConfig’s, but also by the number of sub-configurations in the CSI-ReportConfig(s).
[bookmark: _Toc142654136]For the CSI report corresponding to a sub-configuration of a CSI-ReportConfig, support the same definitions for CSI Part 1 and Part 2 as in the existing 38.214 specification (see Sections 5.2.3 and 5.2.4).
[bookmark: _Toc142654137]For the priority reporting levels for Part 2 CSI, support the same definitions as in the existing 38.214 specification (see Table 5.2.3-1), with the interpretation that the number of CSI(s) NRep is determined over all sub-configurations of all CSI-ReportConfig’s on all carriers.

CSI Priority Values

In our view, the only change that is needed to support NES is to account for the presence of sub-configurations in a CSI-ReportConfig which will affect the formula for priority values  defined in 38.214 Section 5.2.5. The existing formula is given as follows:[bookmark: _Hlk141962047]CSI reports are associated with a priority value  where




-	 for aperiodic CSI reports to be carried on PUSCH  for semi-persistent CSI reports to be carried on PUSCH,  for semi-persistent CSI reports to be carried on PUCCH and  for periodic CSI reports to be carried on PUCCH;


-	 for CSI reports carrying L1-RSRP or L1-SINR and  for CSI reports not carrying L1-RSRP or L1-SINR;
-	c is the serving cell index and  is the value of the higher layer parameter maxNrofServingCells;

-	s is the reportConfigID and is the value of the higher layer parameter maxNrofCSI-ReportConfigurations.


For each CSI report amongst the NRep CSI reports, the priority value is calculated with this formula, and the CSI reports are then sorted in order of ascending priority values (descending priority). Thus CSI report n referred to in Table 5.2.3-1 is the report with the n-th smallest value of  .
This formula assumes that there is only one CSI report per CSI-ReportConfig, which is indeed the case in existing specifications. For NES, where each CSI-ReportConfig can contain multiple sub-configurations, each associated with a CSI the formula needs to be adapted to include an index l over  sub-configurations. The following adaptation was discussed briefly during RAN1#113, and we think this is a natural (and simple) solution.


where  indexes sub-configurations with a CSI-ReportConfig and  is the maximum number of sub-configurations per CSI-ReportConfig. With this adaptation, the priority values (from smallest to largest) are in order of increasing serving cell index first, increasing CSI-ReportConfig index second, and sub-configuration index third.
[bookmark: _Ref142496624][bookmark: _Toc142654138]For the priority value assigned to a CSI corresponding to a sub-configuration of a CSI-ReportConfig, support the following enhancement to the formula in 38.214 Section 5.2.5:

[bookmark: _Toc142654140]where  indexes sub-configurations with a CSI-ReportConfig and  is the maximum number of sub-configurations per CSI-ReportConfig.

CSI Mapping Order

In legacy specifications, the mapping order of CSI quantities (CRI, RI, CQI, PMI, LI) is defined for CSI report #n in 38.212 Section 6.3.1.1.2. The report index n is determined by the legacy priority value formula  . Different reporting orders are defined in very many different tables in this Section of 38.212 depending on what quantities are in a report, e.g., see Table 6.3.1.1.2-7. Due to the spec complexity, our view is that for NES, we should avoid modifying the defined mapping orders in all the tables; instead we should use legacy definitions to the maximum extent possible. Our understanding is that this can be done quite simply by adopting the enhanced priority value formula shown in the previous section in which one report corresponds to one sub-configuration. This will directly determine what is CSI Report #n, and then the mapping orders defined in the tables in 38.212 Section 6.3.1.1.2 can be reused as is.
[bookmark: _Toc142654141]Reuse legacy CSI mapping orders defined in 38.212 Section 6.3.1.1.2 (no enhancements). One CSI (with index n) is defined to correspond to one sub-configuration, and the index n is determined by the enhanced priority formula  defined in Proposal 20

Beam Management / TCI Enhancements

In RAN1#113, the following agreement was made regarding beam management enhancements and TCI configuration enhancements.
Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement

Regarding beam management enhancements related to beam failure detection/recovery, we don’t see a need for such enhancements. We point out that BFR/BFD is typically based on SSB, and according to the WID, SD and PD adaptation shall only supported for UE specific channels/signals which rules out SD/PD adaptation for SSB, and thus removes the motivation for enhancements. Our view is that PD adaptation on periodic CSI-RS which can be used for BFR/BFD is not well motivated due to limited power saving possibility – the main savings come from PD adaptation for PDSCH. Based on this, we propose the following:
[bookmark: _Toc142654142]Support Method 3 for beam management enhancements (no further work)
Regarding TCI configuration, we also done see a need for enhancements. Methods 1 and 2 do not seem well motivated, and would end up being very complicated. Again, we propose the following:
[bookmark: _Toc142654143]Support Method 3 for TCI configuration enhancements (no further work)
[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1	For efficient combination(s) of SD and PD adaptations, it is necessary for the gNB to acquire CSI reports including hypotheses for combined SD and PD adaptations rather than multiple separate CSI reporting steps.
Observation 2	“Joint operation of SD and PD adaptation” includes both joint configuration and joint CSI reports, i.e., reports with combination(s) of PD and SD hypotheses.
Observation 3	CSI-RS transmissions are often shared by more than one UE and occupy only a few time/frequency resources.
Observation 4	When it comes to power domain energy savings, it is the PDSCH Tx power adaptation, rather than that of CSI-RS, that brings most of the energy savings for the gNB.
Observation 5	According to the WID, the enhancements for Type-2 spatial element adaptation are not applicable for SSB and for PDCCH in symbols that UEs monitor for common search spaces (CSS).
Observation 6	The presence of a list of CSI-RS resource list in a sub-configuration for Type-2 SD adaptation serves as an implicit differentiation between Type-1 SD and Type-2 SD without having to explicitly define those terms in RAN1 specifications.
Observation 7	Counting simultaneous CSI-RS resources once per sub-configuration (triggered N or configured L) can quickly exhaust a typical UE capability on maximum number of simultaneous CSI-RS resources. Unless a different counting approach is adopted or the minimum UE capability for NES is increased or separate capability limits are introduced for NES, the NES feature is severely restricted making it not useful for .
Observation 8	Counting simultaneous CSI-RS ports once per sub-configuration (triggered N or configured L) exhausts a typical UE capability on maximum number of simultaneous CSI-RS ports. Unless a different counting approach is adopted or the minimum UE capability for NES is increased or separate capability limits are introduced for NES, the NES feature becomes useless since it is limited to triggering or configuring only a single sub-configuration.
Observation 9	Counting simultaneous CSI-RS ports in a port subset once per triggered sub-configuration allows triggering of at least 2 sub-configurations (N = 2) for a typical UE capability on maximum number of simultaneous CSI-RS ports, thus making the NES feature more useful. Still, it would be beneficial to discuss increasing the minimum UE capability for NES or introducing separate capability limits for NES or adopting a less strict counting approach to make the NES feature more flexible.
[bookmark: _Hlk83889439]
Proposal 1	For joint PD and SD adaptation, a sub-configuration contains configuration parameters for PD and/or SD adaptations.
Proposal 2	If the newly introduced sub-configuration (SubConfig x) is present in the CSI-ReportConfig, for that specific sub-configuration, the associated PD and/or SD SubConfig parameters override the original (legacy) counterparts.
Proposal 3	if SubConfig is present in the CSI-ReportConfig, at least one of the SubConfig parameters (PD or SD) must be present.
Proposal 4	If more than one SubConfig is present, only one type of SD adaptation (either type-1 or type-2) is relevant across the sub-configurations.
Proposal 5	A SubConfig contains one PD and/or SD setting, and L is the total number of SubConfigs.
Proposal 6	For aperiodic and semi-persistent reports on PUSCH, for a trigger state, higher layer signaling is introduced for indication of N out of L sub-configurations (SubConfigs) within an associated CSI-ReportConfig. For example, a new RRC parameter that indicates a list of N sub-configuration IDs (N = 1 .. L) can be added within a trigger state.
Proposal 7	For Type 1 SD and PD adaptation, all the resources configured by the associated CSI-RS resource set (for channel measurement) are commonly applicable to all the sub-configurations in a CSI-ReportConfig rather than different CSI-RS resources per sub-configuration.
Proposal 8	For PD adaptation techniques, dynamic updates for powerControlOffsetSS are not supported. I.e., do not consider the case where CSI-RS power is dynamically changed.
Proposal 9	For PD adaptation, support one CSI report configuration (CSI-ReportConfig) containing one or multiple CSI report sub-configurations where each sub-configuration corresponds to a different powerControlOffset.
Proposal 10	Do not support configuration of multiple power offset values (powerControlOffset) within a CSI-RS resource. Multiple power offsets are configured instead within the sub-configurations. If a triggered sub-configuration has an offset different than the one within the associated CSI-RS resource, then the configured value within the CSI-RS resource is overridden.
Proposal 11	Type-2 spatial element adaptation enhancement is not supported in symbols configured with periodic CSI-RS. I.e., updates to powerControlOffsetSS are not supported for periodic CSI-RS.
Proposal 12	Sub-configuration parameters for codebookConfig, CQI table indication, reportFreqConfiguration, and report quantity is not supported for Type-2 SD adaptation.
Proposal 13	Update the agreement from RAN1#113 as follows:
Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS, sp-CSI-RS, and p-CSI-RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214

Proposal 14	For SD adaptation, RAN1 shall agree at same time on (1) counting approaches for simultaneous CSI-RS resources/ports, and (2) minimum values for the NES UE capabilities on the maximum number of simultaneous CSI-RS resources/ports per CC and over all CCs.
Proposal 15	For SD adaptation, the agreed counting approaches and associated minimum UE capabilities on maximum number of simultaneous CSI-RS resources/ports for NES should allow triggering of at least N = 2 or 3 out of L sub-configurations for ap-CSI and sp-CSI reporting based on ap-CSI-RS, sp-CSI-RS, and p-CSI-RS.
Proposal 16	For PD adaptation, RAN1 shall agree at same time on (1) counting approaches for simultaneous CSI-RS resources/ports, and (2) minimum values for the NES UE capabilities on the maximum number of simultaneous CSI-RS resources/ports per CC and over all CCs.
Proposal 17	For PD adaptation, the agreed counting approaches and associated minimum UE capabilities on maximum number of simultaneous CSI-RS resources/ports for NES should allow triggering of at least N = 2 or 3 out of L sub-configurations for ap-CSI and sp-CSI reporting based on ap-CSI-RS, sp-CSI-RS, and p-CSI-RS.
Proposal 18	For the CSI report corresponding to a sub-configuration of a CSI-ReportConfig, support the same definitions for CSI Part 1 and Part 2 as in the existing 38.214 specification (see Sections 5.2.3 and 5.2.4).
Proposal 19	For the priority reporting levels for Part 2 CSI, support the same definitions as in the existing 38.214 specification (see Table 5.2.3-1), with the interpretation that the number of CSI(s) NRep is determined over all sub-configurations of all CSI-ReportConfig’s on all carriers.
Proposal 20	For the priority value assigned to a CSI corresponding to a sub-configuration of a CSI-ReportConfig, support the following enhancement to the formula in 38.214 Section 5.2.5:
	

where  indexes sub-configurations with a CSI-ReportConfig and  is the maximum number of sub-configurations per CSI-ReportConfig.
Proposal 21	Reuse legacy CSI mapping orders defined in 38.212 Section 6.3.1.1.2 (no enhancements). One CSI (with index n) is defined to correspond to one sub-configuration, and the index n is determined by the enhanced priority formula  defined in Proposal 20
Proposal 22	Support Method 3 for beam management enhancements (no further work)
Proposal 23	Support Method 3 for TCI configuration enhancements (no further work)
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