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1 Introduction
[bookmark: _Hlk127258902]The Rel-18 ‘study on network energy saving for NR’ investigated various network energy saving techniques in time, frequency, spatial and power domains [1]. In particular, the techniques in spatial and power domains aim to reduce the energy consumption by power amplifiers (PAs) and subsequent RF chains as the energy consumption by PA, which drives each antenna elements, accounts for a large portion of total energy consumption by a gNB equipped with massive MIMO antennas.
To this end, a new work item on ‘network energy saving for NR’ was approved in RAN #98-e [2] with the following objectives of specifying 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 RAN1 #112 [3], the following agreements were made regarding techniques in spatial and power domains:
	Agreement
For the purpose of further discussions in RAN1 on NES spatial domain adaptations, consider the following cases
· Type 1: all antenna elements associated to a logical antenna port is disabled/enabled
· Type 2: part/subset of antenna elements associated to a logical antenna port is disabled/enabled

Agreement
For spatial element adaptation, further study the following
· [bookmark: _Hlk131691502]A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”

Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration

Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.

Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included

Agreement
For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline

Agreement
Discuss the signalling aspects for spatial/power domain adaptation for Rel-18 NES-capable UEs considering that
· Whether there is a need for transition time per adaptation (for UE)
· Whether/How to inform UE on spatial adaptation pattern update and/or PDSCH/CSI-RS transmission power change due to adaptation.


In this contribution, we first discuss impacts of spatial and power domain adaptations and, then, discuss necessary enhancements to support the adaptations. 

2 Impact of spatial and power domain adaptations
For network energy saving, a gNB can turn off a subset of PAs or reduce the PA output power, which are respectively referred to as spatial domain (SD) and power domain (PD) adaptations in this contribution for brevity. Unlike cell discontinued transmission (DTX) and discontinued reception (DRX), one advantage of SD/PD adaptation is that the network can maintain the continuity of transmission and reception without discontinuity by operating at a reduced capability. 
[image: ]
[bookmark: _Ref127258835][bookmark: _Ref127258825]Figure 1 Illustration of Type 1 and Type 2 SD adaptations

In RAN1 #112 [3], it was agreed to consider both Type 1 and Type 2 SD adaptations in which the gNB may enable/disable all the antenna elements associated to a logical antenna port or enable/disable only a subset of antenna elements associated to a logical antenna port, respectively, as illustrated in Figure 1. 
[bookmark: _Hlk131691045]The impact of Type 1 SD adaptation results in a change in the number of active antenna ports or antenna structure in general, which was generally well-understood in RAN1 #112, while it was not the case for Type 2 SD adaptation. With a reduced number of antenna elements and corresponding PAs contributing to a certain logical antenna port, Type 2 SD adaptation results in a change in the RF characteristics of the port such as beam shape and transmission power, while the number of antenna ports remains the same. As it involves hardware-level on/off of PAs contributing to a given antenna port, it is reasonable to assume that the transmission power of CSI-RS per port will change. In the case of PD adaptation, however, it may be possible to adapt PDSCH transmission power only while keeping CSI-RS transmission power level unchanged via power allocation in frequency domain without involving hardware-level PA on/off. Considering a constant background power draw to keep the PAs turned on, it can be expected that Type 2 SD adaptation is a more effective network energy saving tool compared to PD adaptation. 
It is also noted that in a typical FR2 gNB implementation, a large number of antenna elements are generally virtualized to one or two logical antenna ports. In order to realize energy saving gain with a certain granularity for FR2 gNB, it is necessary to consider Type 2 SD adaptation. 
Observation 1: As Type 2 SD adaptation involves hardware-level on/off of PAs contributing to a given antenna port, it is reasonable to assume that the transmission power of CSI-RS per port will change. 
Proposal 1: RAN1 should specify necessary enhancements to support the case when CSI-RS transmission power changes per Type 2 SD adaptation. 

3 CSI enhancement to support SD/PD adaptation 
Table 1 below summarizes different types of CSI reporting, CSI-RS resources, and the support of their pairing in NR.
[bookmark: _Ref127454744][bookmark: _Ref127454730]Table 1 NR CSI-RS resource and CSI reporting types
	Report type
Resources
	P-CSI reporting 
(RRC)
	SP-CSI reporting on PUCCH (MAC-CE)
	SP-CSI reporting on PUSCH (DCI)
	A-CSI reporting (DCI)

	P-CSI-RS
(RRC)
	Supported
	Supported
	Supported
	Supported

	SP-CSI-RS
(MAC-CE)
	N/A
	Supported
	Supported
	Supported

	A-CSI-RS
(DCI)
	N/A
	N/A
	N/A
	Supported



In NR, triggering CSI-RS transmission and CSI reporting can be joint or separate depending on the combination. For instance, aperiodic CSI reporting and aperiodic CSI-RS transmission are both triggered using DCI format 0_1, while aperiodic CSI reporting can be also paired with periodic and semi-persistent CSI-RS. Semi-persistent CSI reporting on PUSCH is also triggered using DCI format 0_1 but with CRC scrambled by a SP-CSI-RNTI. Semi-persistent CSI reporting on PUSCH can be paired with periodic and semi-persistent CSI-RS, where the latter is triggered using ‘SP CSI-RS/CSI-IM Resource Set Activation/Deactivation’ MAC CE. Semi-persistent CSI reporting on PUCCH is triggered using ‘SP CSI reporting on PUCCH Activation/Deactivation’ MAC CE. Periodic CSI reporting and CSI-RS are both configured and initiated via RRC. 
The most fundamental enhancement needed to support SD/PD adaptation is to enable CSI-RS resource and CSI report adaptations according to the change in the CSI-RS transmission per different types of adaptation. Enhancements to both CSI-RS resource and CSI report need to be considered due to the following reasons:
· CSI-RS resource adaptation, such as parameter updates for a given CSI-RS resource configuration, can be beneficial as a CSI-RS resource can be paired with multiple and possibly different types of CSI report configurations. Otherwise, those multiple CSI reports configured to a UE need to reconfigured and/or activated separately.
· CSI report adaptation, such as codebook updates for a given CSI report configuration, is necessary for a UE to correctly derive and report CSI, especially PMI, per adaptation. Updating CSI-RS resource associated with a CSI report configuration can be also a part of the CSI report adaptation. 
Those enhancements may be less motivated for aperiodic CSI reporting with aperiodic CSI-RS given the flexibility of dynamic triggering, if a sufficient number of ‘Trigger States’ are configured to cover possible SD/PD adaptations. From a higher layer signaling overhead perspective, the abovementioned enhancements can be still beneficial for aperiodic CSI reporting as well.
In this section, the discussion is focused on how to enable CSI-RS resource/CSI report adaptation per given SD/PD adaptation, while postponing the discussion on multiple CSI reports from a single set of CSI-RS measurements, which is referred to as multi-CSI, to Section 4. 

1 
2 
3 
1 
2 
3 
CSI-RS resource adaptation 
[bookmark: _Hlk127454684][bookmark: _Hlk127264406]The SD/PD adaptation for network energy saving can result in a change in the number of active antenna ports and/or in a change in the RF characteristics of antenna ports. Therefore, there is a need to enable updating a CSI-RS resource configuration for a given CSI report configuration as the number of CSI-RS ports changes due to Type 1 SD adaptation, the CSI-RS transmission power changes due to Type 2 SD adaptation, and/or PDSCH transmission power changes due to PD adaptation.
In a contribution submitted to RAN1 #112 [4], it was observed that there may be a few nested CSI-RS resource mapping patterns supported in the current specification. Therefore, it was proposed to define more of such nested CSI-RS mapping patterns and utilize them for adapting CSI-RS resource per Type 1 SD adaptation. For multi-CSI reporting from a single set of CSI-RS measurements, utilizing nested CSI-RS resources, or subsets of antenna ports more generally speaking, from a given CSI-RS resource can be beneficial to avoid increasing the number of CSI-RS transmissions. However, when a gNB performs Type 1 SD adaptation from one SD pattern to another, there is no reason to restrict gNB’s adaptation to be within a nested CSI-RS resource pattern of a current CSI-RS resource pattern. 
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[bookmark: _Ref127264465][bookmark: _Ref131497472]Figure 2 Illustration of a change in a number of CSI-RS ports per Type 1 SD adaptation

The above Figure 2 illustrates an example Type 1 SD adaptation from 16-port CSI-RS to 8-port CSI-RS. The original 16-port CSI-RS, while ordering antenna ports for indexing is up to implementation, can be mapped to resource elements (RE) following either row 11 or row 12 of Table 7.4.1.5.3-1 in TS 38.211 [5]. The reduced 8-port CSI-RS can be mapped to REs based on any of row 6, row 7, or row 8 of the same table with a flexible configuration of frequencyDomainAllocation and firstOFDMSymbolInTimeDomain, and there is no critical reason to restrict a gNB’s adaptation to be nested to 16-port CSI-RS mapping pattern. Such restriction is cumbersome and unnecessary.   
Observation 2: There is no critical reason to restrict gNB’s flexibility in performing Type 1 SD adaptation to be within a nested CSI-RS resource mapping pattern of another.
The NZP-CSI-RS-Resource configuration includes not only a resourceMapping configuration, as described above, but also a power control offset for CSI-RS transmission and that for PDSCH transmission, i.e., powerControlOffsetSS and powerControlOffset, respectively. As the network performs Type 1 SD, Type 2 SD, and PD adaptations, the configurations for resourceMapping, powerControlOffsetSS and powerControlOffset need to be updated, respectively. Note that NZP-CSI-RS-Resource can be separately configured for each of the possible SD/PD adaptations and signaled to UE. However, the number of configurations will linearly increase with the number of possible hypotheses of SD/PD adaptations. Moreover, not all the parameters in NZP-CSI-RS-Resource configuration need to be reconfigured entirely but only certain parameters, e.g., resourceMapping, powerControlOffsetSS and powerControlOffset, may need to be updated per SD/PD adaptation.
Observation 3: As the network performs Type 1 SD, Type 2 SD, and PD adaptations, the configurations for resourceMapping, powerControlOffsetSS and powerControlOffset need to be updated, respectively.
Proposal 2: For Type 1 SD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of CSI-RS to RE mapping patterns.
Proposal 3: For Type 2 SD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of CSI-RS transmission powers.  
Proposal 4: For PD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of PDSCH transmission powers.  
Note that the current specification does not provide a mechanism to update parameters for a given CSI-RS resource configuration. For instance, periodic CSI-RS resources are configured and initiated via RRC. Semi-persistent CSI-RS resources are configured via RRC and activated using MAC CE, while aperiodic CSI-RS resources are configured via RRC and triggered using DCI. While the current specification allows activation/deactivation or triggering of configured CSI-RS resources, there is no L1/L2 mechanism that can provide an update for a subset of parameters to an already configured CSI-RS resources. As a CSI-RS resource configuration can be paired with multiple different CSI report configurations, supporting a mechanism for directly updating parameters to a given CSI-RS resource configuration can be beneficial. 
Observation 4: While the current specification allows activation/deactivation or triggering of configured CSI-RS resources, there is no L1/L2 mechanism that can provide an update for a subset of parameters to an already configured CSI-RS resources.
Proposal 5: Introduce L1/L2 signaling for updating a given NZP CSI-RS resource/resource set/resource setting by indicating an index from the set of configured CSI-RS mapping patterns, CSI-RS transmission powers, and PDSCH transmission powers per Type 1 SD, Type 2 SD, and PD adaptations, respectively.    
For instance, a UE can be indicated an index to the abovementioned sub-configurations for a CSI-RS resource via a PDCCH providing DCI or a PDSCH providing MAC-CE together with a CSI-RS resource configuration ID. An existing DCI or MAC-CE format can be extended with additional fields to indicate those indexes, such as DCI format 0_1 and ‘SP CSI-RS/CSI-IM Resource Set Activation/Deactivation’ MAC CE, or a new DCI or MAC-CE format can be defined as currently there is no L1/L2 signaling applicable for updating periodic CSI-RS resources. On the other hand, such indication can be provided by a UE-group-specific DCI format, as SD/PD adaptations performed at the gNB will commonly impact UEs in the cell. A UE-group-specific DCI format can include blocks of information and the UE is provided a starting position for a block via higher layers. The information provided in each block for each UE can include a number of indexes from the candidate sets of parameter values and the corresponding CSI-RS resource configuration ID. 
Proposal 6: Consider UE-group-specific L1 signaling for updating a given NZP CSI-RS resource/resource set/resource setting per SD/PD adaptation.
In any slot, the UE is not expected to have a larger number of active CSI-RS ports or active CSI-RS resources in a given active BWP than the UE reported as its capability. If L1/L2 signaling is introduced for updating the mapping pattern of a given NZP CSI-RS, the number of active CSI-RS ports in a given active BWP should be derived based on the L1/L2 signaling that the UE received from the serving gNB for updating CSI-RS mapping pattern rather than the number of ports configured by RRC.
Proposal 7: If a L1/L2 signaling for updating a given NZP CSI-RS resource/resource set/resource setting is introduced, the number of active CSI-RS ports in a given active BWP should be derived based on the L1/L2 signaling indication. 
Disabling spatial elements per Type 1 or Type 2 SD adaptation would impact the beam pattern, which, in turn, have an impact on the TCI state. For example, Type 2 SD adaptation may alter beam-width which may impact the channel delay spread without affecting the average delay, which may invalidate previous QCL-TypeA relationships. Similarly, the spatial Rx filter may change as a subset of active spatial elements varies per Type 1 or Type 2 SD adaptation, which may invalidate previous QCL-TypeD relationships. As UE may be configured with multiple CSI-RS resource sub-configurations (e.g., with multiple parameters such resourceMapping, powerControlOffsetSS and powerControlOffset for different hypotheses), defining separate TCI states for each of these sub-configurations may lead to an excessive number of TCI states. This will burden the current TCI state indication mechanism given the maximum number candidate TCI states that can be indicated by MAC CE and the indication of an active TCI state from the set of candidate TCI states by DCI. Instead, an additional level of TCI state indication can be introduced to signal CSI-RS resource sub-configuration ID for a given CSI-RS resource configuration along with the existing indication of CSI-RS resource ID. An existing DCI (and/or MAC-CE) format can be extended with a new field for indicating CSI-RS resource sub-configuration ID. 
Proposal 8: Extend the current TCI state indication DCI to additionally indicate a CSI-RS resource sub-configuration ID per SD/PD adaptation.  

CSI report adaptation 
As a gNB performs Type 1 SD adaptation, the number of active antenna ports, or the antenna structure in general, can change. In order for a UE to correctly construct the CSI feedback message while the serving gNB performs Type 1 SD adaptation, there is a need for updating a CSI codebook configuration to the UE.
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[bookmark: _Ref127266938][bookmark: _Ref131492318]Figure 3 Illustration of a codebook adaptation as the number of active CSI-RS ports changes

[bookmark: _Hlk131606556][bookmark: _Hlk131606521]Figure 3 illustrates an example codebook adaptation for generating CSI report as the number of active CSI-RS ports changes. The CodebookConfig as a part of CSI report configuration provides parameters associated with PMI reporting. For instance, CodebookConfig provides codebook types between Type-I and Type-II codebooks, including their subtypes, two-dimensional antenna structure, and the subsequent codebook subset restriction (CBSR) and rank restrictions, etc. As illustrated in Figure 3, as the gNB adapts the number of active CSI-RS ports, the UE needs to assume a correct two-dimensional antenna size, i.e., n1-n2, for deriving the CSI report. Multiple CSI report configurations may be separately provided to a UE for each of the possible Type 1 SD adaptations. However, the number of CSI report configurations will increase to deal with possible hypotheses of Type 1 SD adaptation, while there is a certain limitation on the number of CSI reports that a UE can support, i.e., 4 CSI report configurations per BWP per serving cell. Moreover, not all the parameters in the CSI report configuration need to be reconfigured entirely but only certain parameters, e.g., codebookConfig, may need to be updated per Type 1 SD adaptation.
Observation 5: If CSI report configurations are separately provided to a UE for each of the possible Type 1 SD adaptations, not only the number of CSI report configurations will increase but also there is a certain limitation on the number of CSI reports that a UE can support.
Proposal 9: For Type 1 SD adaptation, each CSI report configuration can include one or more of codebook configurations. 
Note that Type 2 SD and PD adaptations, in which only power control offset values change, do not require updates on codebook configuration. Therefore, a default CSI report configuration can be reused. When one CSI report configuration includes multiple CSI report sub-configurations, the UE needs to be indicated from the serving gNB an index to a CSI report sub-configuration per Type 1 SD adaptation. Therefore, the following proposal is made. 
Proposal 10: Introduce L1/L2 signaling for updating a given CSI report configuration by indicating an index to a CSI report sub-configuration from the set of configurations per Type 1 SD adaptations.    
For instance, a UE can be indicated an index to a CSI report sub-configuration via a PDCCH providing DCI or a PDSCH providing a MAC-CE together with a CSI report configuration ID. An existing DCI or MAC-CE format can be extended to indicate those indexes, such as DCI format 0_1 for aperiodic and semi-persistent CSI reporting on PUSCH and ‘SP CSI reporting on PUCCH Activation/Deactivation’ MAC CE for semi-persistent CSI reporting on PUCCH, or a new DCI or MAC-CE format can be defined as currently there is no L1/L2 signaling applicable for updating periodic CSI reporting. 

4 [bookmark: _Ref131495416]Multi-CSI enhancement
[bookmark: _Hlk131615736]The network may want to assess the impact of network parameter adaptation prior to executing the actual adaptation. This probing may help to avoid a catastrophic adaptation, or to early acquire CSI prior to performing adaptation for prompt link adaptation right after performing SD/PD adaptation. Therefore, there is a need to support multiple CSI reports for different hypotheses of network parameter adaptations. For instance, based on a single set of CSI-RS measurements, a UE can report multiple CSI in one reporting instance for different subsets of the measured CSI-RS resource or for different assumptions on the CSI-RS or PDSCH transmission power. Multi-CSI report can be realized in the legacy system but the difference is that, in the legacy system, it will require separate CSI report configurations as well as separate CSI-RS measurements by UE. Multi-CSI report can be for different hypotheses of CSI-RS mapping patterns per Type 1 SD adaptations, CSI-RS transmission powers per Type 2 SD adaptations, and PDSCH transmission powers per PD adaptations.   
Proposal 11: Multi-CSI report is supported in which a UE derives multiple CSI reports from a single set of CSI-RS measurements for different hypotheses of CSI-RS mapping patterns, CSI-RS transmission powers, and PDSCH transmission powers.

4 
4 
CSI-RS resource sub-configurations for multi-CSI 
A number of hypotheses on adaptation/configuration of CSI-RS resources can be provided to a UE via indications of a subset of CSI-RS ports from a given CSI-RS resource configuration. One example is to directly indicate antenna port subset, e.g., via indexes of antenna ports, from the set of ports defined by a CSI-RS resource configuration. As another example, a subset of CSI-RS ports from a given CSI-RS resource configuration can be indicated at the code-division multiplexing (CDM) group level. For instance, if a given CSI-RS resource configuration is comprised of N CDM groups, the UE can be indicated whether the corresponding CDM group of antenna ports is included in a sub-configuration for CSI derivation. In indicating CSI-RS resource sub-configurations via CDM group indexes, the serving gNB can ensure uniformity of antenna spacing at the gNB. 
Let’s consider the following 4-by-4 cross-polarized antenna system for 32-port CSI-RS transmission and possible hypotheses of adapting active antenna ports to a half and a quarter of its full capability. 

[image: ]
[bookmark: _Ref131527909]Figure 4 An example 4-by-4 cross-polarized antennas and possible Type 1 SD adaptations

As an example, 32-port CSI-RS can be mapped to REs following row 18 of Table 7.4.1.5.3-1 in [5] as illustrated in Figure 5 below. 

[image: ]
[bookmark: _Ref131527774]Figure 5 An example of 32-port CSI-RS to RE mapping based on row 18 of Table 7.4.1.5.3-1 in [5]

For indicating sub-configuration A in Figure 4, which corresponds to a lower half of the 4-by-4 cross-polarized antennas, the UE can be indicated that CDM Groups {0, 1, 4, 5} are included in the CSI-RS resource sub-configuration for the corresponding hypothesis of SD adaptation. Similarly, for indicating sub-configuration B in Figure 4, which corresponds to an upper quarter of the 4-by-4 cross-polarized antennas, the UE can be indicated that CDM Groups {3, 7} are included in the CSI-RS resource sub-configuration for the corresponding hypothesis of SD adaptation.

[image: ]
[bookmark: _Ref131528635]Figure 6 An example 8-by-2 cross-polarized antennas and possible Type 1 SD adaptations

[bookmark: _Hlk131617157]As another example, let’s consider the above 8-by-2 cross-polarized antenna system for 32-port CSI-RS transmission and possible hypotheses of adapting active antenna ports to a half and a quarter of its full capability. It is assumed that the CSI-RS to RE mapping pattern still follows Figure 5. For indicating sub-configuration A in Figure 6, which corresponds to a lower half of the 8-by-2 cross-polarized antennas, the UE can be indicated that CDM Groups {0, 1, 4, 5} are included in the CSI-RS resource sub-configuration for the corresponding hypothesis of SD adaptation. Similarly, for indicating sub-configuration B in Figure 6, which corresponds to an upper left quadrant of the 8-by-2 cross-polarized antennas, the UE can be indicated that CDM Groups {2, 6} are included in the CSI-RS resource sub-configuration for the corresponding hypothesis of SD adaptation. As discussed via case studies above, one or multiple CSI-RS resource sub-configurations corresponding to different hypotheses of Type 1 SD adaptation from a single set of CSI-RS can be flexibly indicated using CDM group level antenna port subset indication. 
Observation 6: One or more of CSI-RS resource sub-configurations corresponding to different hypotheses of Type 1 SD adaptation from a single set of CSI-RS can be flexibly indicated using CDM group level antenna port subset indication.
Proposal 12: For multi-CSI reporting, a UE can be provided multiple CSI-RS resource mapping sub-configurations from a single set of CSI-RS measurement via CDM group level antenna port subset indication.   
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[bookmark: _Ref131530801]Figure 7 An example 4-by-4 cross-polarized antennas and possible Type 1 adaptations

[bookmark: _Hlk131617817]In addition to the CDM group-level indications of CSI-RS resource sub-configurations, a UE can be also provided an antenna port level subset indication. Consider the above 4-by-4 cross-polarized antennas for 32-port CSI-RS transmission and possible hypotheses of activating only 8 or 4 antenna ports. The sub-configuration A in Figure 7 corresponds to 4 cross-polarized antennas at each of the corners, which are AP 3000, 3003, 3012, 3015, 3016, 3019, 3028, and 3031. The UE can be indicated the corresponding CSI-RS resource sub-configurations in two steps: the UE can be first indicated in the CDM group-level that CDM Groups {0, 3, 4, 7} are included in a CSI-RS resource sub-configuration and, then, in the antenna port level that antenna indexes {0, 3} are active from each of the indicated CDM groups. Similarly, sub-configuration B can be indicated to the UE first in the CDM group-level that CDM Groups {2, 6} are included in a CSI-RS resource sub-configuration and, then, in the antenna port level that antenna indexes {0, 3} are active from each of the indicated CDM groups. The antenna port level indication together with CDM group-level indication provides further flexibility for indicating CSI-RS resource mapping sub-configurations. 
Observation 7: A UE can be indicated CSI-RS resource sub-configurations in two steps: first in the CDM group level and then in the antenna port level within the indicated CDM groups. This two-step approach provides further flexibility for indication. 
Proposal 13: For multi-CSI reporting, a UE can be provided multiple CSI-RS resource mapping sub-configurations from a single set of CSI-RS measurements via two-step indication: first in the CDM group level and then in the antenna port level within the indicated CDM groups.   
[bookmark: _Hlk131618314]For multi-CSI reporting, the UE also needs to be provided one or more of CSI report sub-configurations for a number of CSI-RS resource sub-configurations. If a number of CSI-RS resource sub-configurations include distinct CSI-RS resource mapping patterns, the UE also needs to be provided a corresponding number of CSI report sub-configurations including parameters related to codebook configuration such as n1-n2, ng-n1-n2, or n1-n2-codebookSubsetRestriction configurations, for a typeI-SinglePanel, typeI-MultiPanel, and typeII codebook configurations, respectively. If a number of CSI-RS resource sub-configurations are based on a single CSI-RS resource mapping pattern but only differ in power offset values, e.g., powerControlOffset, powerControlOffsetSS, a single codebook configuration can be reused by the UE for reporting CSI for a number of hypotheses. On the other hand, multiple CSI reports for different power offset values may be configured with a different set of CSI report quantities from CQI, PMI, RI, LI, L1-RSRP, etc. as the network may want to obtain multi-CSI report only for certain report quantities. 
Observation 8: If a number of CSI-RS resource sub-configurations include distinct CSI-RS resource mapping patterns, the UE also needs to be provided corresponding CSI report sub-configurations, including codebook configurations. 
Proposal 14: For multi-CSI reporting, a UE can be provided one or more of CSI report sub-configurations for a number of CSI-RS resource sub-configurations including parameters related to codebook configurations and/or CSI report quantities.   

Multi-CSI overhead reduction 
If multiple CSI reports are sent in one PUCCH or PUSCH transmission and each of them are treated independently of the other, a total payload size for the multiple CSI reports would increase linearly with the number of reports and that can lead to excessive overhead or an inability to reliably provide the multiple CSI reports due to the large payload size. Therefore, there is a need to enhance the CSI reporting mechanism to reduce the total payload size for multiple CSI reports associated with different hypotheses of SD/PD adaptations. In RAN1 #112, several possible enhancements for multi-CSI overhead reduction were discussed. Options include: 
1) gNB indicates to UE which CSI(s) the UE shall report
2) the UE selects which CSI(s) are reported
3) multiple CSI(s) are reported in a joint CSI report
4) Overhead reduction for multiple CSI(s)
[bookmark: _Hlk131618761]Among the above options, Option 1 is preferred over Option 2 while other options can be additionally considered. As it is the gNB that performs SD/PD adaptation, it is preferred that the gNB has controllability on the set of CSI reports that it receives from UEs to facilitate its decision making on determining network operation parameters rather than receiving unpredicted set of CSI reports selected by UEs. Also, the set of CSI reports selected by one UE can be different from another UE, which makes it difficult for the gNB to utilize such arbitrary sets of CSI reports from different UEs. Additionally, Option 2 requires additional specification effort to specify criteria based on which the UEs selects CSI reports. 
Observation 9: It is preferred that the gNB has controllability on the set of CSI reports that it receives from UEs to facilitate its decision on SD/PD adaptation rather than receiving unpredicted set of CSI reports selected by UEs. Also, the reported set from one UE can be different from another UE. 
Proposal 15: For multi-CSI reporting, a UE is indicated by the serving gNB a set of CSI-RS resource sub-configurations for which the UE reports CSI.  
When multiple CSI reports are sent jointly in one CSI report, the CSI feedback payload can be further optimized. As one example, differential feedback can be considered. For instance, if a CQI index for the first CSI report is c1 and a CQI index for the second CSI report is c2, the CQI for the second CSI report can be reported in a differential manner, i.e., c2-c1. For more than two reports, the nth CQI index for the nth CSI report can be reported in a differential manner to the CQI index for the first CSI report or for the n-1th CSI report. Also, another potential solution in the case of more than two reports is that the UE reports absolute value for the strongest CQI from all the reports and the rest of the CQI values are reported in a differential manner to the strongest report. 
As another example, thresholding scheme can be considered. That is, the UE provides the CQI index for the nth CSI report other than the first CSI report only when the differential CQI index, either relative to the first CQI value or to the n-1th CQI value, is greater than a threshold value; otherwise, the UE does not report the CQI value. For reporting other CSI quantities such as L1-RSRP or RI for multi-CSI report, similar approaches described for CQI reporting can be considered. 
If the UE reports multiple PMI reports of the same size, for example for different powerControlOffset or powerControlOffsetSS values but for the same CSI-RS resources, a PMI feedback for the second CSI report can be based on the basis set that the UE reports for the first CSI report and the UE reports only amplitude/phase coefficients for the second CSI report. In another example, the PMI for the second CSI report not only reuses the basis set from the first CSI report but also the amplitude/phase coefficients are reported relative to the coefficients for the first CSI report, i.e., using differential values. In another example, a UE reports a PMI for a second CSI report only when a measure of a distance from a PMI for a first CSI report, such as L-norm, is greater than a threshold value. Otherwise, the UE does not report PMI for the second CSI report. In another example, the UE may choose a subset of CSIs to share PMI parameters based on spatial similarity and, for the rest of CSIs, PMI parameters are reported in a standalone manner. In this case, the chosen subset of CSIs sharing PMI parameters needs to be informed to gNB. 
If the UE reports multiple PMI reports of similar sizes from the same CSI-RS resources, PMI feedback size reduction is still possible if some restriction related to codebook parameter, e.g., N1, N2 are imposed. For example, assuming that Type I codebook is used for PMI feedback, the first PMI report and the second PMI report with (N1, N2) as (8, 2) and (4, 2), respectively. Based on the similarity of PMI, the first PMI report and the second PMI report can be combined. The same PMI parameters based on the hypothesis of second PMI report can be reported for both of them. Although the granularity of horizontal dimension of second PMI is sparser, it is still very useful to represent the spatial direction. For other CSI quantities such as CQI, the approaches mentioned above can be reused.
Proposal 16: For multi-CSI reporting, further study the following payload size reduction schemes
· Differential/threshold-based reporting of CSI quantities such as CQI, L1-RSRP. 
· Reuse DFT basis set and differential/thresholding-based amplitude/phase coefficient reporting for multiple PMI reports of the same size or similar size.
To facilitate the decision for determining SD/PD parameters, the network may need to obtain one or multiple CSI reports from a group of UEs as assistant information regardless of their connected mode DRX (C-DRX) state. Providing individual signaling that triggers CSI measurement and report to a group of UEs via a UE-specific signaling can be inefficient and lead to excessive signaling overhead. Also, the network may want to trigger such group-based CSI measurement and report only when there is a need, i.e., to perform spatial and power domain parameter adaptations. 

[image: ]
[bookmark: _Ref131585741]Figure 8 Indication for multi-CSI measurement and report

For instance, a UE can be provided PDCCH monitoring occasions for detecting a UE-group-specific DCI format triggering CSI measurement and reporting, and corresponding configurations of CSI-RS resources for measurement and CSI reports, including an UL resource for transmitting the CSI reports. In monitoring PDCCH to detect a DCI format providing an indication for CSI measurement and reporting, a UE can be indicated or specified to monitor the corresponding PDCCH regardless of the UE’s C-DRX state. The configurations for the CSI-RS resources and CSI reports that the UE follows can include a number of hypotheses on SD/PD adaptations/configurations for multi-CSI reporting. As illustrated in Figure 8, a UE receives an indication by DCI to perform CSI measurements and reporting according to configurations provided by higher layers. If the UE does not receive an indication by DCI, the UE skips CSI measurement and CSI reporting. 
Proposal 17: For multi-CSI reporting, support a mechanism for a UE to perform CSI measurement and reporting following UE-group-specific DCI indication. Otherwise, the UE skips multi-CSI reporting. 
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[bookmark: _Ref131586332]Figure 9 UE group-specific multi-CSI measurement and report indication

The network may want to collect CSI from a group of UEs sharing a certain property such as those in a particular beam direction or a cell coverage range to facilitate more tailored SD/PD adaptations. Figure 9 illustrates examples of possible UE grouping for UE-group-specific indication of CSI measurement and reporting. As an example, the network can define a set of UEs along a certain beam direction as one UE group. As another example, the network can define a set of UEs in a certain range from the serving gNB as one UE group. With such UE grouping, the serving gNB can acquire more detailed/specific information in making decisions on adapting SD/PD parameters along a certain beam direction or in a certain cell coverage range as needed.

5 Beam management enhancement
5 
5 
CSI derivation 
As the network performs Type 2 SD adaptation, the CSI-RS transmission power can change as discussed earlier. For calculating L1-RSRP, CSI-RS can be used in addition to secondary synchronization signals (SSS). Also, multiple CSI-RS measurements can be accounted for L1-RSRP calculation. For instance, as illustrated in Figure 10, the UE can be configured with timeRestrictionForChannelMeasurements indicating time domain restriction for channel measurements. If the parameter is set to "notConfigured", the UE shall derive the channel measurements for computing L1-RSRP value reported in uplink slot n based on only the SSS or NZP CSI-RS, no later than the CSI reference resource associated with the CSI resource setting. If the parameter is set to "Configured", the UE shall derive the channel measurements for computing L1-RSRP reported in uplink slot n based on only the most recent, no later than the CSI reference resource, occasion of SSS or NZP CSI-RS associated with the CSI resource setting. Computing other CSI report quantities such as CQI, can be similarly understood. 
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[bookmark: _Ref127283497]Figure 10 A configuration of time domain channel measurement restriction

[bookmark: _Hlk131621313]One can consider always restricting the measurement to the most recent resource associated with the CSI resource setting for Rel-18 NES UE. This, however, induces inability to average out noise variations over multiple measurement occasions, which degrades the CSI reporting accuracy. Therefore, when the UE is not configured with time restriction for channel measurements, there is a need for signaling to the UE a change in the CSI-RS transmission power along with parameters indicating transmission power offsets to prevent erroneous averaging over multiple measurements.
Observation 10: There is a need for signaling a change in the CSI-RS transmission power along with an updated power level to UEs to prevent an erroneous averaging over multiple measurements.  
Proposal 18: Introduce a signaling mechanism for indicating CSI-RS transmission power change for CSI calculation. 

Enhancement to beam failure detection and recovery 
[bookmark: _Hlk131621532]A UE can experience beam failure and/or radio link failure if the cell coverage becomes weak due to transmission power reduction, while the UE is unable to complete a beam switching or handover. Therefore, there is a need for identifying an impact of power reduction on the beam/cell coverage, prior to perform adjustment, to avoid any potential CSI-RS and/or PDSCH power adjustment that may result in beam and/or radio link failure.
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[bookmark: _Ref127284998]Figure 11 An example cell/beam coverage reduction due to transmission power adjustment

Figure 11 illustrates an occurrence of beam and/or radio link failure at a cell edge UE due to a CSI-RS transmission power reduction. In the legacy system, a UE is provided from a serving gNB by a higher layer signaling Radio Link Monitoring Reference Signal (RLM-RS) resources, which can be SSB, CSI-RS, or a combination of them, for a beam failure detection purpose, an RLM purpose, or both. If the serving gNB does not configure any reference signals as RLM-RS, the UE implicitly assumes the RSs linked to active TCI states for the CORESET that the UE is monitoring to receive the PDCCH as RLM-RS. To prevent a detrimental power adaptation either on CSI-RS or PDSCH due Type 2 SD or PD adaptations, a UE can be provided a candidate set of hypothetical power offset values to the actual RLM-RS transmission power and the UE can be indicated to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated power offset values. Hypothetical beam failure and/or RLF reports can be in terms of
· RSRP, RSRQ, or SINR
· Hypothetical PDCCH BLER for the corresponding RLM-RS, i.e., CSI-RS. 
· Hypothetical occurrence of ‘Beam Failure Instance’ or ‘Out-of-Sync’ with configured RLM-RSs and with indicated power offset values.
Observation 11: There is a need for identifying an impact of SD/PD adaptation on the beam/cell coverage prior to perform adjustment to avoid any potential adaptation that may result in beam and/or radio link failure.
Proposal 19: Specify a solution for preventing beam failure and/or RLF due to potential SD/PD adaptation, e.g., hypothetical beam failure and/or RLF reports for the indicated hypothetical power offset values. 
In the legacy system, a UE can be explicitly or implicitly provided with a RS set (q0) for beam failure detection, and explicitly provided with a RS set (q1) for candidate beam identification. If gNB performs fast spatial adaptation for energy saving, the RRC configured q0, q1 may not be able to update in time which may result in incorrect detection of beam failure or candidate beam. To solve this, one solution is to enable fast switch/update of q0 and/or q1 to adapt with the spatial adaptation of gNB.
Proposal 20: Specify a solution to enhance beam failure recovery procedure, e.g., switch/update of RS set for beam failure detection and that for candidate beam identification according to the network adaptation.

6 Interaction with cell DTX/DRX 
6 
6.1 
6.2 
In the parallel agenda item 9.7.2, cell DTX/DRX for network energy saving is under discussion. The main goal of spatial and power domain enhancements is to convey spatial and/or power domain network operation parameters to UE for CSI acquisition or beam management. These parameters may be associated with their applicable time domain resource or serving cell(s). Considering that cell DTX/DRX indication may also be associated with time domain resource or serving cell(s), the interaction of them should be considered.
There could be two different ways for the interaction: 1) joint indication or 2) separate indication. For joint indication, cell DTX/DRX and spatial/power domain network operation parameters are jointly indicated via single signaling involving potential combinations between parameters. This way can save signaling overhead but with less flexibility. For separate indication, cell DTX/DRX and spatial/power domain network operation parameters are indicated independently. This way is more flexible but requires more signaling. In the case of separate indication, it is necessary to consider the handling between spatial/power domain network operation parameter indication and cell DTX/DRX parameter indication. For example, if a UE receives an indication on the spatial/power domain network operation parameters with corresponding applicable time domain resource, the time domain resource can be regarded as cell DTX active time.
Proposal 21: Support joint operation of cell DTX/DRX and spatial/power domain adaptation techniques.

7 Conclusion
In this contribution, we discussed impacts of spatial and power domain adaptations and, then, discussed necessary enhancements to support the adaptations. The following observations and proposals were made. 
List of Proposals:
Proposal 1: RAN1 should specify necessary enhancements to support the case when CSI-RS transmission power changes per Type 2 SD adaptation. 
Proposal 2: For Type 1 SD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of CSI-RS to RE mapping patterns.
Proposal 3: For Type 2 SD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of CSI-RS transmission powers.  
Proposal 4: For PD adaptation, each NZP CSI-RS resource/resource set/resource setting can include one or more of PDSCH transmission powers.  
Proposal 5: Introduce L1/L2 signaling for updating a given NZP CSI-RS resource/resource set/resource setting by indicating an index from the set of configured CSI-RS mapping patterns, CSI-RS transmission powers, and PDSCH transmission powers per Type 1 SD, Type 2 SD, and PD adaptations, respectively.    
Proposal 6: Consider UE-group-specific L1 signaling for updating a given NZP CSI-RS resource/resource set/resource setting per SD/PD adaptation.
Proposal 7: If a L1/L2 signaling for updating a given NZP CSI-RS resource/resource set/resource setting is introduced, the number of active CSI-RS ports in a given active BWP should be derived based on the L1/L2 signaling indication. 
Proposal 8: Extend the current TCI state indication DCI to additionally indicate a CSI-RS resource sub-configuration ID per SD/PD adaptation.  
Proposal 9: For Type 1 SD adaptation, each CSI report configuration can include one or more of codebook configurations. 
Proposal 10: Introduce L1/L2 signaling for updating a given CSI report configuration by indicating an index to a CSI report sub-configuration from the set of configurations per Type 1 SD adaptations.    
Proposal 11: Multi-CSI report is supported in which a UE derives multiple CSI reports from a single set of CSI-RS measurements for different hypotheses of CSI-RS mapping patterns, CSI-RS transmission powers, and PDSCH transmission powers.
Proposal 12: For multi-CSI reporting, a UE can be provided multiple CSI-RS resource mapping sub-configurations from a single set of CSI-RS measurement via CDM group level antenna port subset indication.   
Proposal 13: For multi-CSI reporting, a UE can be provided multiple CSI-RS resource mapping sub-configurations from a single set of CSI-RS measurements via two-step indication: first in the CDM group level and then in the antenna port level within the indicated CDM groups.   
Proposal 14: For multi-CSI reporting, a UE can be provided one or more of CSI report sub-configurations for a number of CSI-RS resource sub-configurations including parameters related to codebook configurations and/or CSI report quantities.   
Proposal 15: For multi-CSI reporting, a UE is indicated by the serving gNB a set of CSI-RS resource sub-configurations for which the UE reports CSI.  
Proposal 16: For multi-CSI reporting, further study the following payload size reduction schemes
· Differential/threshold-based reporting of CSI quantities such as CQI, L1-RSRP. 
· Reuse DFT basis set and differential/thresholding-based amplitude/phase coefficient reporting for multiple PMI reports of the same size or similar size.
Proposal 17: For multi-CSI reporting, support a mechanism for a UE to perform CSI measurement and reporting following UE-group-specific DCI indication. Otherwise, the UE skips multi-CSI reporting. 
Proposal 18: Introduce a signaling mechanism for indicating CSI-RS transmission power change for CSI calculation. 
Proposal 19: Specify a solution for preventing beam failure and/or RLF due to potential SD/PD adaptation, e.g., hypothetical beam failure and/or RLF reports for the indicated hypothetical power offset values. 
Proposal 20: Specify a solution to enhance beam failure recovery procedure, e.g., switch/update of RS set for beam failure detection and that for candidate beam identification according to the network adaptation.
Proposal 21: Support joint operation of cell DTX/DRX and spatial/power domain adaptation techniques.

List of Observations:
Observation 1: As Type 2 SD adaptation involves hardware-level on/off of PAs contributing to a given antenna port, it is reasonable to assume that the transmission power of CSI-RS per port will change. 
Observation 2: There is no critical reason to restrict gNB’s flexibility in performing Type 1 SD adaptation to be within a nested CSI-RS resource mapping pattern of another.
Observation 3: As the network performs Type 1 SD, Type 2 SD, and PD adaptations, the configurations for resourceMapping, powerControlOffsetSS and powerControlOffset need to be updated, respectively.
Observation 4: While the current specification allows activation/deactivation or triggering of configured CSI-RS resources, there is no L1/L2 mechanism that can provide an update for a subset of parameters to an already configured CSI-RS resources.
Observation 5: If CSI report configurations are separately provided to a UE for each of the possible Type 1 SD adaptations, not only the number of CSI report configurations will increase but also there is a certain limitation on the number of CSI reports that a UE can support.
Observation 6: One or more of CSI-RS resource sub-configurations corresponding to different hypotheses of Type 1 SD adaptation from a single set of CSI-RS can be flexibly indicated using CDM group level antenna port subset indication.
Observation 7: A UE can be indicated CSI-RS resource sub-configurations in two steps: first in the CDM group level and then in the antenna port level within the indicated CDM groups. This two-step approach provides further flexibility for indication. 
Observation 8: If a number of CSI-RS resource sub-configurations include distinct CSI-RS resource mapping patterns, the UE also needs to be provided corresponding CSI report sub-configurations, including codebook configurations. 
Observation 9: It is preferred that the gNB has controllability on the set of CSI reports that it receives from UEs to facilitate its decision on SD/PD adaptation rather than receiving unpredicted set of CSI reports selected by UEs. Also, the reported set from one UE can be different from another UE. 
Observation 10: There is a need for signaling a change in the CSI-RS transmission power along with an updated power level to UEs to prevent an erroneous averaging over multiple measurements.  
Observation 11: There is a need for identifying an impact of SD/PD adaptation on the beam/cell coverage prior to perform adjustment to avoid any potential adaptation that may result in beam and/or radio link failure.

7 
8 
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