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1. Introduction
In RAN#98-e, a new WI [1] of network energy savings for NR was approved, and one of WID objectives is related to techniques in spatial and power domains as shown below.
	3. Specify the following techniques in spatial and power domains
· Specify necessary enhancements on CSI and beam management related procedures including measurement and report, and signaling to enable efficient adaptation of spatial elements (e.g. antenna ports, active transceiver chains) [RAN1, RAN2]
· Specify necessary enhancements on CSI related procedures including measurement and report, and signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS [RAN1, RAN2]
· Note: Above objectives are only for UE specific channels/signals
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements


In this contribution, we discuss and provide our views on techniques for network energy savings (NES) in spatial and power domains.

2. CSI framework
For the purpose of NES, gNB can shut down some of spatial elements (e.g. antenna elements, antenna ports, active transceiver chains) and/or lower transmission power. However, without knowledge of the CSI corresponding to the less number of spatial elements and/or reduced power, gNB may not successfully communicate with the associated UEs right after turning off some of spatial elements and/or reducing transmission power, which leads to system performance degradation. Therefore, CSI framework needs to be enhanced so that UE can feed back CSI corresponding to different numbers of CSI-RS antenna ports (APs) and/or power offset values between CSI-RS and PDSCH.
Currently, a single CSI report configuration (i.e., CSI-ReportConfig IE) has the following limitations:
· A single CSI-RS resource set can be associated with each CMR/IMR, and all CSI-RS resources within the set are restricted to be configured with the same number of APs (except for the NZP CSI-RS resources used for interference measurement). Thus, gNB cannot obtain the CSI corresponding to different numbers of CSI-RS APs for a CSI reporting.
· Power offset value between CSI-RS and SSS or between PDSCH and CSI-RS is configured per CSI-RS resource and a CSI-RS resource set can be composed of more than one CSI-RS resource for which the power offset values can be different. However, for a CSI reporting, UE feeds back the CSI corresponding to a specific CRI out of multiple CSI-RS resources within a CSI-RS resource set (except for m-TRP operation), thus gNB cannot acquire the CSI corresponding to multiple power offset values between CSI-RS and SSS or between PDSCH and CSI-RS.

To overcome above limitations of current CSI framework for NES, RAN1 discussed how to enhance CSI framework and made the following agreements in RAN1#113 meeting [2].
	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 a CSI report configuration with L>1, for Type 1 SD, at least when A1-2-revised is used for the associated codebook configuration, 
· Only common codebook type for PMI across sub-configurations is supported
· Codebook type-1 for PMI 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.

Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array

Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported 
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)

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

Agreement
Joint operation of SD and PD adaptation is supported.



Regarding power domain adaptation, the following three alternatives were discussed in RAN1#113 and captured in [3].
	For power domain adaptation only, for CSI reporting, for each sub-configuration
· Alt 1: one power control offset value per CSI-RS resource which overrides (if configured) the powerControlOffset given in the CSI-RS resource configuration
· Alt 2: a delta value per CSI-RS resource relative to the powerControlOffset value given in CSI-RS resource configuration
· Alt 3: index per CSI-RS resource linked to one of the powerContorlOffset values provided in the CSI-RS resource configuration
· All resources are associated with all sub-configurations


In our view, Alt 2 is preferred considering that it can keep the current CSI-RS resource configuration as much as possible and minimize signaling overhead. In detail, as shown in Figure 1, each sub-configuration provides a delta value and the resultant power offset value in each sub-configuration is obtained by adding the delta value from the powerContorlOffset value provided in each of CSI-RS resource configurations.
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Figure 1. Example of CSI report configuration for power domain adaptation

Proposal #1: For a CSI report configuration with L sub-configurations to support power domain adaptation only,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· 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.

Next, regarding joint operation of spatial and power domain adaptations, although it was agreed to support joint operation of them, companies showed diverged views on whether both of Type 1 and Type 2 spatial domain adaptations or only one of them can be supported for joint operation. In our opinion, it would be desirable to support joint operation of Type 1 spatial domain and power domain adaptations as well as that of Type 2 spatial domain and power domain adaptations, in order for gNB to be able to flexibly configure joint operation depending on antenna configuration implementation, traffic load, and so on.

Proposal #2: Joint operation of spatial domain and power domain adaptation is supported for both Type 1 and Type 2 spatial domain adaptations.

First of all, Figure 2 depicts an example of CSI report configuration for joint operation of Type 2 spatial domain and power domain adaptations. More than one sub-configuration that are associated with different power offset delta values can share the list of CSI-RS resource ID(s), as in sub-configurations #1 and #2 (or sub-configurations #3 and #4) that have the common list but different power offset delta values. It can be considered that a parameter (e.g., codebook-related parameters) can be omitted in a sub-configuration (e.g., sub-configuration #2) while the parameter can be borrowed from the other sub-configuration (e.g., sub-configuration #1). It should be noted that if only sub-configurations #1 and #3 are configured without power offset delta values, this CSI report configuration corresponds to Type 2 spatial domain adaptation with A1-1-revised, as already agreed.
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Figure 2. Example of CSI report configuration for joint operation of Type 2 spatial domain and power domain adaptations

Proposal #3: For a CSI report configuration with L sub-configurations to support joint operation of Type 2 spatial domain and power domain adaptations,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· More than one sub-configuration that are associated with different power offset delta values can share the same list of CSI-RS resource ID.

Secondly, Figure 3 depicts an example of CSI report configuration for joint operation of Type 1 spatial domain and power domain adaptations. More than one sub-configuration that are associated with different power offset delta values can share the bitmap-based port subset indication, as in sub-configurations #1 and #2 (or sub-configurations #3 and #4) that have the common bitmap information but different power offset delta values. It can be considered that a parameter (e.g., codebook-related parameters, port subset indication) can be omitted in a sub-configuration (e.g., sub-configuration #2) while the parameter can be borrowed from the other sub-configuration (e.g., sub-configuration #1). It should be noted that if only sub-configurations #1 and #3 are configured without power offset delta values, this CSI report configuration corresponds to Type 1 spatial domain adaptation with A1-2-revised, as already agreed. It should be also noted that if bitmap information is not configured for all sub-configurations, this CSI report configuration corresponds to pure power domain adaptation, as suggested in Proposal #1.
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Figure 3. Example of CSI report configuration for joint operation of Type 1 spatial domain and power domain adaptations

Proposal #4: For a CSI report configuration with L sub-configurations to support joint operation of Type 1 spatial domain and power domain adaptations,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· More than one sub-configuration that are associated with different power offset delta values can share the same bitmap-based port subset indication.

For the completeness of CSI framework, how to configure CSI-RS resource (set) for interference measurement should be discussed. According to current NR specification, IMR can be configured based on CSI-IM or NZP CSI-RS. In detail, for CSI-IM based IMR, each CSI-RS resource for channel measurement is “resource-wise” associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets. One could consider that for Type 1 spatial domain adaptation with A1-2-revised, each CSI-RS resource for channel measurement in each sub-configuration is associated with a CSI-IM resource and the number of CSI-IM resources equals to {the number of CSI-RS resource for channel measurement x the number of sub-configurations}. However, as the common CSI-IM resource seems sufficient for a CSI-RS resource for channel measurement that is associated with more than one sub-configurations configured with different port subset indications, the legacy configuration restriction on CSI-IM can be kept.
For NZP CSI-RS based IMR, currently, if interference measurement is performed on NZP CSI-RS, a UE does not expect to be configured with more than one NZP CSI-RS resource in the associated resource set within the resource setting for channel measurement. Especially in case where only a single CSI-RS resource for channel measurement is configured for Type 1 spatial domain adaptation with A1-2-revised, the following alternatives can be considered.
· Alt 1: Bitmap based port subset indication is separately configured for NZP CSI-RS resource for interference measurement in each sub-configuration.
· Alt 2: UE does not expect to be configured with NZP CSI-RS resource for interference measurement.
· Alt 3: The common NZP CSI-RS resource for interference measurement is applied to all sub-configurations.

Proposal #5: For a CSI report configuration with L sub-configurations, each CSI-RS resource for channel measurement is “resource-wise” associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets, as in current NR specification.
Proposal #6: For a CSI report configuration with L sub-configurations with A1-2-revised where a single CSI-RS resource is configured for channel measurement, consider one of the following alternatives to configure NZP CSI-RS for interference measurement.
· Alt 1: Bitmap based port subset indication is separately configured for NZP CSI-RS resource for interference measurement in each sub-configuration.
· Alt 2: UE does not expect to be configured with NZP CSI-RS resource for interference measurement.
· Alt 3: The common NZP CSI-RS resource for interference measurement is applied to all sub-configurations.

3. CSI feedback resource and procedure
In this section, we discuss how to determine the resource for CSI feedback and indicate/activate/trigger N sub-configurations out of L sub-configurations, on top of the following agreements.
	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



Currently, UE can be configured with two separate PUCCH resources where one (provide by pucch-CSI-ResourceList) is used in a transmission occasion for PUCCH corresponding to a single CSI report while the other (provided by multi-CSI-PUCCH-ResourceList) is used in a transmission occasion for PUCCH corresponding to multiple CSI reports. Similarly, considering CSI overhead for a single CSI report where multiple sub-configurations are activated, UE can be configured with two separate PUCCH resources even for the CSI report, depending on whether one or multiple sub-configurations are activated for the CSI report. In this case, if a UE transmits a PUCCH in a transmission occasion corresponding to a CSI report with an activated sub-configuration, the UE would transmit the PUCCH on the first PUCCH resource. On the other hand, if the UE transmits a PUCCH in a transmission occasion corresponding to the CSI report with multiple activated sub-configurations, the UE would transmit the PUCCH on the second PUCCH resource (which could be provided by multi-CSI-PUCCH-ResourceList or separate configuration).

Proposal #7: For a SP-CSI reporting on PUCCH, if the corresponding CSI report is configured with L sub-configurations and more than one sub-configuration can be activated by MAC-CE, UE can be configured with two separate PUCCH resources where one is used when only one sub-configuration is activated while the other is used when more than one sub-configuration are activated.

For DCI based triggering, as already agreed, a code-point of the existing CSI request field in the legacy DCI formats (i.e., DCI format 0_1 / 0_2 / 0_3) is associated with N (≤L) sub-configurations for a CSI report where the CSI report is configured with L sub-configurations in total. In detail, if the code-point is associated with only the index of the CSI report but not with any of sub-configuration indexes, we suggest that UE would perform multi-CSI report corresponding to all of configured sub-configurations (i.e., L sub-configurations in this case).

Proposal #8: For DCI based triggering for a CSI report configuration with L sub-configurations, if a code-point of the existing CSI request field in the legacy DCI formats (i.e., DCI format 0_1 / 0_2 / 0_3) is associated with the CSI report but with none of configured L sub-configurations, UE would perform multi-CSI report corresponding to all of configured L sub-configurations.

For MAC-CE based triggering, although it was agreed to support an indication to select N sub-configurations out of configured L sub-configurations, more signalling details need to be discussed to relieve the workload of RAN2. In our view, bitmap-based indication would be a reasonable choice to consider signalling flexibility.

Proposal #9: For MAC-CE based triggering for a CSI report configuration with L sub-configurations, a L-bit bitmap is used to indicate which sub-configuration(s) is(are) activated.

4. CSI feedback contents
In this section, we discuss how to perform CSI report for indicated/activated/triggered N sub-configurations out of L sub-configurations, based on the CSI framework with L sub-configurations in a CSI report configuration as illustrated in Section 2.

	Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded



Considering multiple CSIs corresponding to N (>1) sub-configurations can be included in a single CSI report (different from the legacy CSI report), the following two approaches can be considered from the perspective of CSI reporting procedure (e.g., CSI mapping order for one CSI report, CSI part 1, or CSI part 2, CSI omission/priority rule, etc.).
· Approach 1: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per CSI report, as in current NR specification.
· Approach 2: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per sub-configuration.

For Approach 1, CSI quantities (such as RI, PMI, and CQI) corresponding to all of N sub-configurations are multiplexed into a single CSI part 1 (or into a one CSI report) and in this case, more details on mapping order (e.g., CSI quantity first and sub-configuration index second, or sub-configuration index first and CSI quantity second) need to be defined. In addition, how to calculate the number of zero padding bits for one CSI report (e.g., the difference between the maximum payload size considering all allowed combinations of rank values and the actual payload size) needs to be determined. For CSI part 2 construction, similar to current procedure, two priority reporting levels can be allocated to a CSI report and in this case, further details on how to configure each priority reporting level (e.g., even subbands of all N sub-configurations for the first priority reporting level and odd subbands of all N sub-configurations for the second priority reporting level) needs to be discussed. For CSI omission/priority rule, legacy mechanism can be reused.
For Approach 2, CSI quantities (such as RI, PMI, and CQI) corresponding to each sub-configuration is separately generated and then concatenated into a single bit sequence for one CSI report or CSI part 1 for the CSI report configuration. For CSI part 2 construction, two priority reporting levels can be allocated to each sub-configuration, i.e., 2 x N priority reporting levels in total for a CSI report configuration. For CSI omission/priority rule, sub-configuration index needs to be additionally considered and  in 214 specification can be modified, as follows:

where  is the sub-configuration index and  is the maximum number of sub-configuration indexes in a CSI report configuration. It is noted that  for a CSI report not configured with sub-configuration.

Proposal #10: For CSI report of indicated/activated/triggered N (>1) sub-configurations out of L sub-configurations, consider the following two approaches.
· Approach 1: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per CSI report, as in current NR specification.
· Approach 2: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per sub-configuration.

According to TS 38.213 specification, if a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports assuming that each of the CSI reports indicates rank 1. Therefore, we need to consider the case where multiple CSIs corresponding to N (>1) sub-configurations can be included in a single CSI report. It seems straight-forward to determine the corresponding PUCCH resource by assuming that each of sub-configurations in every CSI report indicates rank 1.

Proposal #11: If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports,
· Assuming that each of the CSI reports not associated with sub-configuration indicates rank 1 and each of sub-configurations in every CSI report associated with sub-configuration(s) indicates rank 1.

One more thing to be considered for CSI quantity of CRI, the bit-width of CRI should be dependent on the number of CSI-RS resource(s) associated with a sub-configuration index (rather than the number of CSI-RS resource(s) configured for a CSI report in current specification). It is noted that similar to CRI, the bit-with of RI should be dependent on the allowed RI values in each of sub-configurations.

Proposal #12: For a CSI report configuration with L sub-configurations, if CSI report corresponding to N (≤L) sub-configuration(s) is performed, the bit-width of CRI is determined as  where the value of  is the number of CSI-RS resources associated with i-th sub-configuration.

In order to report multiple CSIs corresponding to N sub-configurations to one CSI report, it is necessary to consider the CSI calculation complexity of the UE and the overhead reduction method of the CSI feedback. To address those issues, the following agreement was made in RAN1#112bis-e meeting.
	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



If there is a CSI quantity (e.g., RI) that can be common across sub-configurations, the CSI quantity (e.g., RI) may be included only once without including the CSI quantity for each sub-configuration, and the remaining CSI quantities for each sub-configuration can be contained. In addition, the CSI report may be configured with a differential value compared to a specific baseline/reference CSI value to further reduce the overhead. For instance, since CSI calculated for different power offset values (between CSI-RS and PDSCH) may be composed of the same RI/PMI information and only different CQI values, RI/PMI information can be included only once across the power offset values, and the CQI values corresponding to each power offset value can be included individually in CSI report. In addition, the CQI value can be reported as a differential value by using the CQI value of a specific spatial or power adaptation pattern as a baseline/reference.
Above CSI calculation/reporting procedure can be achieved by individually/separately configuring reportQuantity higher layer parameter for each sub-configuration. In detail, one of the following reporting methods can be configured per CSI quantity, where baseline/reference sub-configuration index can be additionally configured for a CSI quantity configured as “differential” and/or “common”.
· A CSI quantity is configured as “common” across sub-configurations, and UE reports the CSI quantity once for a CSI report.
· A CSI quantity is configured as “separate”, and UE reports the CSI quantity separately for each sub-configuration.
· A CSI quantity is configured as “differential”, and UE reports the CSI quality with full information for a sub-configuration but with partial information (i.e., differential value based on full information for the sub-configuration) for the other sub-configurations.
· A CSI quantity is configured as “omitted” for a sub-configuration, and UE does not report the CSI quantity for the sub-configuration.
It is noted that reportQuantity parameter for each sub-configuration can be additionally configured (or implicitly interpreted) depending on the number of activated/triggered/indicated N sub-configurations (e.g., “differential” CQI if N=4 while “separate” CQI if N=2) or depending on the combination of activated/triggered/indicated N sub-configurations.
It is also noted that reportFreqConfiguration higher layer parameter can be individually/separately configuring for each sub-configuration such that sub-band size or whether sub-band CQI/PMI would be reported can be different depending on the number of activated/triggered/indicated N sub-configurations (e.g., WB+SB for sub-configuartion#0 and WB only for the other sub-configurations if N=4, while WB+SB for sub-configuartion#1 if N=1) or depending on the combination of activated/triggered/indicated N sub-configurations.

Proposal #13: Support separate/individual configuration of reportQuantity and reportFreqConfiguration higher layer parameters for each sub-configuration.
· For reportQuantity configuration, each CSI quantity can be configured as one of {common, separate, differential, omitted}.

5. CPU occupation and CSI-RS resource/port counting
TS 38.214 specification describes UE behaviour related to CSI processing unit (CPU) occupation as follows.
	[bookmark: _Toc11352119][bookmark: _Toc20318009][bookmark: _Toc27299907][bookmark: _Toc29673176][bookmark: _Toc29673317][bookmark: _Toc29674310][bookmark: _Toc36645540][bookmark: _Toc45810585][bookmark: _Toc130409786]5.2.1.6	CSI processing criteria
The UE indicates the number of supported simultaneous CSI calculations  with parameter simultaneousCSI-ReportsPerCC in a component carrier, and simultaneousCSI-ReportsAllCC across all component carriers. If a UE supports  simultaneous CSI calculations it is said to have  CSI processing units for processing CSI reports. If L CPUs are occupied for calculation of CSI reports in a given OFDM symbol, the UE has  unoccupied CPUs. If N CSI reports start occupying their respective CPUs on the same OFDM symbol on which  CPUs are unoccupied, where each CSI report  corresponds to , the UE is not required to update the  requested CSI reports with lowest priority (according to Clause 5.2.5), where is the largest value such that  holds. 
[bookmark: _Hlk513114242]A UE is not expected to be configured with an aperiodic CSI trigger state containing more than  Reporting Settings. Processing of a CSI report occupies a number of CPUs for a number of symbols as follows:
-	for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'none' and CSI-RS-ResourceSet with higher layer parameter trs-Info configured
-	 for a CSI report with CSI-ReportConfig with higher layer parameter reportQuantity set to 'cri-RSRP', 'ssb-Index-RSRP', 'cri-SINR', 'ssb-Index-SINR', 'cri-RSRP- Index', 'ssb-Index-RSRP- Index', 'cri-SINR- Index', 'ssb-Index-SINR- Index ' or 'none' (and CSI-RS-ResourceSet with higher layer parameter trs-Info not configured)
-	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.



As shown above, if , UE determines whether to update or not, in units of CSI reports. However, considering CSI report for NES is composed of multiple sub-configurations, the rule to determine which CSI report is required to be updated may be modified such that UE determines whether to update or not, in units of sub-configurations.

In addition, CPU occupation is determined by the number of CSI-RS resources in the CSI-RS resource set for channel measurement (i.e., ) for ‘otherwise’ statement in the above excerpt. For this case, we made the following agreements in RAN1#113 but still there are FFS points especially for SP/AP-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

Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting



Considering that CPU occupation counting is performed upon the reception of activation MAC-CE or triggering DCI, it would be reasonable to determine  based on the number of activated/triggered sub-configurations.

Proposal #14: For SP/AP-CSI reporting, and for CPU occupation rule  mentioned in Clause 5.2.1.6 of 38.214,  is modified to , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement., if N sub-configuration(s) among L configured sub-configurations is(are) activated/triggered.

For CSI-RS resource/port counting, 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, in current NR specification. For NES, it should be considered that a CSI-RS resource can be associated with more than one sub-configurations even for a CSI Reporting Setting. As a simple extension, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource can be counted X times for a CSI report configuration, if the CSI-RS is associated/configured with X sub-configurations within the CSI report configuration. Furthermore, subject to UE capability, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource can be counted only one time (rather than X times) for the CSI report configuration, considering that the CSI-RS resource associated with multiple sub-configurations has just different port subset indications and/or power offset values.

Proposal #15: For a CSI report configuration with L sub-configurations, if a CSI-RS resource is associated/configured with X sub-configurations out of L sub-configurations, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource can be counted X times or only 1 time for a CSI report configuration.
· Whether it’s X or 1 depends on UE capability.

6. CSI measurement
If activated/triggered/indicated sub-configurations can be changed for a CSI report configuration, the way of performing averaging for channel measurements can be affected particularly when time domain restriction for CSI measurement is not configured. One method to address this issue could be not to perform averaging for channel measurement during CSI-RS occasions corresponding to different combinations of activated/triggered/indicated N sub-configurations. Alternatively, UE assumes that time domain restriction for CSI measurement is configured for a CSI report configuration configured with multiple sub-configurations. It is noted that the same principle can be also applicable to interference measurement.

Proposal #16: When activated/triggered/indicated sub-configurations can be changed for a CSI report configuration and time domain restriction for channel measurement is not configured, UE does not perform averaging for channel measurement during CSI-RS occasions corresponding to different combinations of activated/triggered/indicated N sub-configurations.

	[bookmark: _Toc11352131][bookmark: _Toc20318021][bookmark: _Toc27299919][bookmark: _Toc29673190][bookmark: _Toc29673331][bookmark: _Toc29674324][bookmark: _Toc36645554][bookmark: _Toc45810599][bookmark: _Toc130409801]5.2.2.5	CSI reference resource definition
The CSI reference resource for a serving cell is defined as follows:
-	In the frequency domain, the CSI reference resource is defined by the group of downlink physical resource blocks corresponding to the band to which the derived CSI relates.
-	In the time domain, the CSI reference resource for a CSI reporting in uplink slot n' is defined by a single downlink slot , where  is a parameter configured by higher layer as specified in clause 4.2 of [6 TS 38.213], and where is the subcarrier spacing configuration for  with a value of 0 for frequency range 1,




-	where  and and  are the subcarrier spacing configurations for DL and UL, respectively, and  and  are determined by higher-layer configured ca-SlotOffset for the cells transmitting the uplink and downlink, as defined in clause 4.5 of [4, TS 38.211]
-	where for periodic and semi-persistent CSI reporting
-	if a single CSI-RS/SSB resource is configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot, or

-	if multiple CSI-RS/SSB resources are configured for channel measurement nCSI_ref is the smallest value greater than or equal to , such that it corresponds to a valid downlink slot.

-	where for aperiodic CSI reporting, if the UE is indicated by the DCI to report CSI in the same slot as the CSI request, nCSI_ref is such that the reference resource is in the same valid downlink slot as the corresponding CSI request, otherwise nCSI_ref is the smallest value greater than or equal to , such that slot n- nCSI_ref corresponds to a valid downlink slot, where Z' corresponds to the delay requirement as defined in Clause 5.4.
-	when periodic or semi-persistent CSI-RS/CSI-IM or SSB is used for channel/interference measurements, the UE is not expected to measure channel/interference on the CSI-RS/CSI-IM/SSB whose last OFDM symbol is received up to Z' symbols before transmission time of the first OFDM symbol of the aperiodic CSI reporting.



According to TS 38.214 specification, the CSI reference resource is defined as above. As highlighted in yellow, for P/SP-CSI reporting, nCSI_ref is determined based on  or , depending on whether a single or multiple CSI-RS resource is configured for channel measurement. However, it should be noted that to support Type 1 spatial domain adaptation with A1-2-revised, even if a single CSI-RS resource is configured for channel measurement, the CSI-RS resource can be associated with multiple sub-configurations, which would require CSI calculation time similar to the case where multiple CSI-RS resources are configured for channel measurement in legacy CSI reporting configuration. Similarly, for AP-CSI reporting, it can be considered for Z' to be relaxed for a CSI report configuration with multiple sub-configurations.

Proposal #17: For a P/SP-CSI report configuration where a single CSI-RS resource is configured for channel measurement and the CSI-RS resource is associated/configured with more than one sub-configuration, nCSI_ref is determined based on .

7. Beam management
As described in WID, gNB’s adaptation of spatial elements can necessitate the enhancement of beam management (BM). When UE performs BM-related measurements such as L1-RSRP and L1-SINR, it is up to UE’s implementation whether or not to search and change UE’s RX beam each time it receives each CSI-RS for BM. However, if gNB will turn on or off spatial elements (especially if gNB panel will be turned on or off) for NES, UE may need to adjust the RX beam to a specific CSI-RS for BM which could be suitable for the on/off status of gNB’s spatial elements in the future. For instance, gNB can inform a CSI-RS resource (set) or sub-configuration index to UE, then UE is enforced to adjust the RX beam when receiving the corresponding CSI-RS resource (set) or sub-configuration, which could require processing time relaxation for beam reporting.

CSI-RS for BM can be configured with up to 2 APs. gNB’s spatial element on/off may lead to the change of the number of APs for CSI-RS for BM (or the change of the number of antenna elements associated with an AP). To handle this situation, enhancements for CSI framework and reporting (proposed in above sections) can be also applied to BM case. For instance, in a CSI-ReportConfig configuration, CSI-RS resource #1 with 2-APs CSI-RS resource(s) can be configured with two sub-configurations (where one is associated with 2 APs while the other is associated with 1 AP) and one of two sub-configurations can be activated based on gNB’s indication (as in A1-2-revised). It should be noted that similar methods can be applicable to radio link monitoring and link recovery procedures as well and threshold of radio link monitoring and link recovery procedures can be adjusted considering spatial and/or power domain adaptations.

In RAN1#112 meeting [4], there was a discussion that when CSI-RS TX beam becomes wider due to the reduced number of spatial elements at gNB, a smaller number of CSI-RS TX repetitions is needed for UE RX beam sweeping (i.e., for a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'on'). However, it should be noted that the same principle can be applicable to gNB TX beam sweeping (i.e., for a CSI-RS resource associated with a NZP-CSI-RS-ResourceSet with the higher layer parameter repetition set to 'off'). Therefore, considering wider beam width for CSI-RS transmission due to the reduced number of spatial elements at gNB, the number of repetitions can be adjusted for CSI-RS for UE RX beam sweeping as well as gNB TX beam sweeping.

Proposal #18: Consider at least the following issues for beam management enhancement.
· How to inform UE to adjust the RX beam when receiving a specific CSI-RS for beam management
· How to handle the case where CSI-RS configured for beam management, radio link monitoring or link recovery procedures is affected by gNB’s adaptation of spatial elements
· How to adjust the number of repetitions for a CSI-RS resource with the higher layer parameter repetition set to 'on' or 'off'

8. TCI configuration
For a TCI state (or TCI UL state) configuration, one or two DL RSs (i.e., SSB or CSI-RS) are configured as reference signal for QCL information. Then, a TCI state index can be configured/indicated for the reception of PDCCH, PDSCH or CSI-RS. For UL transmission such as SRS or PUCCH, CSI-RS can be configured as reference signal for spatial relation information. Therefore, if a CSI-RS that is configured as reference signal for QCL information or for spatial relation information, can be affected by gNB’s adaptation of spatial elements (e.g., gNB may indicate the change of activated sub-configuration(s) for CSI report configuration associated with the CSI-RS via L1/L2 signaling), we may need to discuss how UE performs DL/UL reception/transmission associated with the CSI-RS. To be specific, the following methods can be considered:
· 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 gNB’s adaptation of spatial elements
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on gNB’s adaptation of spatial elements (e.g., TCI state #1 and TCI state #2 are configured for CORESET index 1 and one of them is applied for receiving CORESET index 1 based on gNB’s adaptation of spatial elements)
· Method 3: Invalidate DL/UL signal/channel related to a CSI-RS resource that is deactivated or affected due to gNB’s adaptation of spatial elements

Proposal #19: Consider the following methods for TCI configuration enhancement.
· 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: Invalidate DL/UL signal/channel related to a CSI-RS resource that is deactivated or affected due to gNB’s adaptation of spatial elements

9. Conclusions
In this contribution, NES techniques in spatial and power domains were discussed, and the followings were proposed.

CSI framework
Proposal #1: For a CSI report configuration with L sub-configurations to support power domain adaptation only,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· 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.
Proposal #2: Joint operation of spatial domain and power domain adaptation is supported for both Type 1 and Type 2 spatial domain adaptations.
Proposal #3: For a CSI report configuration with L sub-configurations to support joint operation of Type 2 spatial domain and power domain adaptations,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· More than one sub-configuration that are associated with different power offset delta values can share the same list of CSI-RS resource ID.
Proposal #4: For a CSI report configuration with L sub-configurations to support joint operation of Type 1 spatial domain and power domain adaptations,
· In each sub-configuration, configure a delta value relative to the powerControlOffset value given in CSI-RS resource configuration.
· More than one sub-configuration that are associated with different power offset delta values can share the same bitmap-based port subset indication.
Proposal #5: For a CSI report configuration with L sub-configurations, each CSI-RS resource for channel measurement is “resource-wise” associated with a CSI-IM resource by the ordering of the CSI-RS resource and CSI-IM resource in the corresponding resource sets, as in current NR specification.
Proposal #6: For a CSI report configuration with L sub-configurations with A1-2-revised where a single CSI-RS resource is configured for channel measurement, consider one of the following alternatives to configure NZP CSI-RS for interference measurement.
· Alt 1: Bitmap based port subset indication is separately configured for NZP CSI-RS resource for interference measurement in each sub-configuration.
· Alt 2: UE does not expect to be configured with NZP CSI-RS resource for interference measurement.
· Alt 3: The common NZP CSI-RS resource for interference measurement is applied to all sub-configurations.

CSI feedback resource and procedure
Proposal #7: For a SP-CSI reporting on PUCCH, if the corresponding CSI report is configured with L sub-configurations and more than one sub-configuration can be activated by MAC-CE, UE can be configured with two separate PUCCH resources where one is used when only one sub-configuration is activated while the other is used when more than one sub-configuration are activated.
Proposal #8: For DCI based triggering for a CSI report configuration with L sub-configurations, if a code-point of the existing CSI request field in the legacy DCI formats (i.e., DCI format 0_1 / 0_2 / 0_3) is associated with the CSI report but with none of configured L sub-configurations, UE would perform multi-CSI report corresponding to all of configured L sub-configurations.
Proposal #9: For MAC-CE based triggering for a CSI report configuration with L sub-configurations, a L-bit bitmap is used to indicate which sub-configuration(s) is(are) activated.

CSI feedback contents
Proposal #10: For CSI report of indicated/activated/triggered N (>1) sub-configurations out of L sub-configurations, consider the following two approaches.
· Approach 1: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per CSI report, as in current NR specification.
· Approach 2: CSI reporting procedures such as CSI mapping order for one CSI report or CSI part 1 / 2 and CSI omission/priority rule are performed per sub-configuration.
Proposal #11: If a UE would multiplex CSI reports that include Part 2 CSI reports in a PUCCH resource, the UE determines the PUCCH resource and a number of PRBs for the PUCCH resource or a number of Part 2 CSI reports,
· Assuming that each of the CSI reports not associated with sub-configuration indicates rank 1 and each of sub-configurations in every CSI report associated with sub-configuration(s) indicates rank 1.
Proposal #12: For a CSI report configuration with L sub-configurations, if CSI report corresponding to N (≤L) sub-configuration(s) is performed, the bit-width of CRI is determined as  where the value of  is the number of CSI-RS resources associated with i-th sub-configuration.
Proposal #13: Support separate/individual configuration of reportQuantity and reportFreqConfiguration higher layer parameters for each sub-configuration.
· For reportQuantity configuration, each CSI quantity can be configured as one of {common, separate, differential, omitted}.

CPU occupation and CSI-RS resource/port counting
Proposal #14: For SP/AP-CSI reporting, and for CPU occupation rule  mentioned in Clause 5.2.1.6 of 38.214,  is modified to , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement., if N sub-configuration(s) among L configured sub-configurations is(are) activated/triggered.
Proposal #15: For a CSI report configuration with L sub-configurations, if a CSI-RS resource is associated/configured with X sub-configurations out of L sub-configurations, the CSI-RS resource and the CSI-RS ports within the CSI-RS resource can be counted X times or only 1 time for a CSI report configuration.
· Whether it’s X or 1 depends on UE capability.

CSI measurement
Proposal #16: When activated/triggered/indicated sub-configurations can be changed for a CSI report configuration and time domain restriction for channel measurement is not configured, UE does not perform averaging for channel measurement during CSI-RS occasions corresponding to different combinations of activated/triggered/indicated N sub-configurations.
Proposal #17: For a P/SP-CSI report configuration where a single CSI-RS resource is configured for channel measurement and the CSI-RS resource is associated/configured with more than one sub-configuration, nCSI_ref is determined based on .

Beam management
Proposal #18: Consider at least the following issues for beam management enhancement.
· How to inform UE to adjust the RX beam when receiving a specific CSI-RS for beam management
· How to handle the case where CSI-RS configured for beam management, radio link monitoring or link recovery procedures is affected by gNB’s adaptation of spatial elements
· How to adjust the number of repetitions for a CSI-RS resource with the higher layer parameter repetition set to 'on' or 'off'

TCI configuration
Proposal #19: Consider the following methods for TCI configuration enhancement.
· 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: Invalidate DL/UL signal/channel related to a CSI-RS resource that is deactivated or affected due to gNB’s adaptation of spatial elements
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