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Introduction
In RAN#98e plenary meeting, the WID for Rel.18 Network (NW) energy saving has been approved [1]. One of the objectives of this WID is to specify NW energy saving techniques in spatial and power domain, which was discussed in RAN1#112 and RAN1#112b-e meetings. 
	3. [bookmark: _Hlk133940434]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 continue the discussion of CSI and beam management related procedures to enable efficient adaptation of spatial elements and adaptation of power offset values between PDSCH and CSI-RS. 

Discussion
[bookmark: _Ref228947482]In the following sections, we will discuss spatial elements adaptation first, followed by power domain adaptation.
Adaptation of spatial elements
Considerations on spatial elements adaptation types
In the RAN1#112 and RAN1#112b-e meetings, it was agreed to consider and support the following two types of spatial elements adaptation. 
	RAN1#112
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

RAN1#112b-e
Agreement
Define necessary enhancements to support both types of spatial adaptation cases (as defined in RAN1#112) in Rel-18.
· Note: This does not imply explicit definition in specifications for adaptation types.
· Note: This does not imply explicit specification changes are made for both cases



In terms of energy saving gain, there is no obvious difference between type 1 spatial element adaptation and type 2 spatial element adaptation. The vendors can adopt one of them based on the original RF/IF structure in their products. We don’t see the need that a network equipment supports both types. Such kind of flexibility is unlikely to provide any additional energy saving gain.
Hence, we believe that the discussion on the support of type 1 spatial element adaptation and type 2 spatial element adaptation can somehow be organized separately. In this way, we can use the minimum standardization effort/additional signaling overhead to support either of them. The mechanism/signaling design can be simplified by considering the characteristics of type 1 spatial element adaptation and type 2 spatial element adaptation, respectively.
Observation 1. 
· There is no obvious difference between type 1 spatial element adaptation and type 2 spatial element adaptation in terms of energy saving gain.
· Network vendors/operators can adopt one of them based on the original RF/IF structure in their network equipment.
· The mechanism/signaling design can be simplified by considering the characteristics of type 1 spatial element adaptation and type 2 spatial element adaptation, respectively.
Proposal 1. The CSI related enhancement(s) for the support of type 1 spatial element adaptation and type 2 spatial element adaptation are discussed separately, if necessary.

CSI-RS resource configuration
We have following considerations on CSI-RS resource configuration for Type 1 and Type 2 spatial adaptation:
· Type 1: All the spatial elements associated to a logical antenna port are disabled/enabled 
Figure 1 shows an example of different patterns for type 1 adaptation. As shown in this figure, Pattern 2 and Pattern 3, where a portion of antenna ports are disabled can be seen as subsets of Pattern 1, where all antenna ports are active. When it comes to channel measurement of difference Type 1 adaptation patterns, it is possible to utilize a nested CSI-RS resource structure. An example of nested CSI-RS resource structure is shown in Figure 2. As shown in this figure, the 16-port CSI-RS resource, in the time, frequency and code domains, is a subset of the 32-port CSI-RS resource.
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Figure 1. Example of spatial adaptation patterns for Type 1 adaptation
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Figure 2. Example of nested CSI-RS resource structure 
· Type 2: part/subset of spatial elements associated to a logical antenna port is disabled/enabled
For this type, the number of antenna ports stays the same, but the channels experienced by the UEs’ DL signals before and after the adaptation may completely get different. Therefore, different CSI-RS resources are required for channel measurement of different Type 2 adaptation patterns.  
Observation 2. 
· For Type 1 adaptation, nested CSI-RS resource structure can be utilized for channel measurement of different adaptation patterns.
· For Type 2 adaptation, different CSI-RS resources are required for channel measurement of different adaptation patterns.

A1-1 and A1-2 resource configuration alternatives were agreed in RAN1#112 meeting and were revised/updated in the RAN1#112b-e meeting as follows.
	Agreement (modified as shown in April 19th GTW session)
Support configurability of NZP CSI-RS resource(s) for channel measurement within one resource setting corresponding to more than one spatial adaptation patterns with at least one of the following
· A1-1-revised: A resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern
· A1-2-revised: For a resource configured in a resource set within a resource setting, the resource can be associated with more than one spatial adaptation patterns
· One or more resources can be configured in the resource set for channel measurement.
· FFS: Whether one or more than one resource can be configured in the resource set
· 



A1-1-revised can reuse the legacy CSI-RS configuration structure as much as possible to save the required standardization efforts. For example, a CSI-RS resource set is configured to consist of multiple CSI-RS resources. Each resource is associated with one spatial adaptation pattern. In this way, specification impact can be limited to a minimum level. 
A1-2-revised can fully explore the feature of nested resource structure to achieve high configuration efficiency. As discussed previously, nested CSI-RS resource structure can be considered when Type 1 spatial adaptation is adopted. From the perspective of configuration, the parameters to configure the time, frequency and code resource for the CSI-RSs corresponding different spatial adaptation patterns can be shared. This reduces the number of duplicate parameters. 
In last meeting, the agreement on the support of A1-1-revised and A1-2-revised was revisited. The controversial point was whether the original intention of A1-1-revised is limited to Type 2 adaptation or A1-1-revised can be applied to both Type 1 and Type 2 adaptation. Regarding to this point, we share the same view with the FL that, in our understanding, A1-1-revised is dedicated to Type 2 adaptation and A1-2-revised is dedicated to Type 1 adaptation though these limitations were not explicitly captured in the original version of the agreement. However, it was observed in the online session of last meeting that serval companies have different understanding on the existence of such limitations and have strong concerns if these limitations are agreed. This is why we got an additional working assumption as follows and the relevant discussion was quite struggling.
	Working Assumption
Al-1-revised and A1-2-revised are supported
· FFS: Which Type of SD adaptation A1-1-revised and A1-2-revised are applicable for




[bookmark: _Hlk134630087]To accelerate the progress, we are fine that A1-1-revised can be applied for both Type1 and Type 2 adaptations. In our consideration, this would not obviously increase the required standardization effort. The only impact may be related to the restriction on the number of antenna ports. If A1-1-revised is dedicated to Type 2 adaptation, multiple resources within a resource set should be associated with the same number of ports. If A1-1-revised can be applied for both Type 1 and Type 2 adaptations, the number of ports associated to multiple resources within a resource set can be same or different. Regarding the restriction on the number of ports, we will elaborate on this later.
Proposal 2. A1-1-revised can be applied for both Type 1 and Type 2 adaptations. 
However, considering that A1-2-revised can achieve higher configuration efficiency compared with A1-1-revised if Type 2 spatial adaptation is adopted, both alternatives should be supported. From the specification perspective, it is not necessary to restrict which spatial element adaptation type applies which alternative of CSI-RS resource configuration. gNB can choose to implement A1-1-revised or A1-2-revised based on its implementation. 
Proposal 3. Confirm the working assumption that both Al-1-revised and A1-2-revised alternatives are supported.
In the last meeting, another FFS issue is whether restriction related to number of antenna ports should be applied for A1-1-revised and A1-2-revised.
	Agreement
For R18 NES, only legacy port configuration values (N1, N2) or (Ng, N1, N2) are supported.
· FFS: Whether/what restriction for A1-1-revised and A-1-2-revised w.r.t number of ports




Based on the assumption that A1-1 can be applied for both Type 1 and Type 2 adaptations and A1-2 is dedicated to Type 1 adaptation, we have the following considerations.
For A1-1-revised, the restriction is whether the CSI-RS resources contained in one resource set should be configured with the same number of antenna ports, hereafter referred as restriction 1. Figure 3(a) gives an example that applies the restriction 1, where all the CSI-RS resources within a resource set are configured with 8 antenna ports. Figure 3(b) shows an example without the restriction 1, where a CSI-RS resource is configured with 16 antenna ports while the other CSI-RS resource is configured with 8 antenna ports. In our view, since UEs are aware that it needs to calculate separate CSI measurement results based on the CSI-RS resources associated with different adaptation patterns, such restriction does not bring any benefit but makes A1-1-revised less flexible. Thus, restriction 1 should not be applied for A1-1-revised.
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(a) with restriction 1
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(b) without restriction 1


Figure 3. A-1-1-revised with and without restriction 1

For A1-2-revised, the restriction is whether CSI-RS resources within one resource set should be associated with the same number of patterns, hereafter referred as restriction 2. Figure 4(a) gives an example where the restriction 2 is applied, where the CSI-RS resources within a resource set are configured with 2 spatial adaptation patterns, 8 antenna ports and 16 antenna ports. Figure 4(b) shows an example without the restriction 2, where a CSI-RS resource is configured with 3 spatial adaptation patterns while the other CSI-RS resource is configured with 2 spatial adaptation patterns. Considering that each sub-configuration corresponds to one spatial adaptation patten, for the example without the restriction 2, it is complicated to link the spatial adaptation patterns associated to CSI-RS resources with the CSI report sub-configurations. Therefore, to simplify the configuration of the linkage between CSI-RS resource configuration and CSI report sub-configuration and to reduce standardization effort, restriction 2 should be applied.
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(a) with restriction 2
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(b) without restriction 2


Figure 4. Alt-1-2-revised with and without restriction 2

Proposal 4. 
· For A-1-1-revised, CSI-RS resources in a resource set for channel measurement can be associated with different numbers of antenna ports.
· For A-1-2-revised, CSI-RS resources in a resource set for channel measurement should be associated with the same number of type 1 adaptation patterns.
CSI report configuration
In the RAN1#112b-e meeting, it was agreed to support the alternative that a CSI report configuration contains multiple CSI report sub-configurations, and each sub-configuration includes antenna port related parameters (N1, N2, Ng and port subset indication) for type 1 spatial element adaptation. Indication details for antenna port related parameters as well as other parameters can be included in each sub-configuration are FFS.
	Agreement
At least support A2-2, i.e. one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern.
· FFS: impact on CSI processing requirement
Agreement
For CSI report configuration, if L>1 in a CSI report configuration, at least the following can be included for each sub-configuration for Type 1 SD adaptation
· N1, N2 for single-panel and N1, N2, Ng for multi-panel
· FFS: details on explicit indication or implicit derivation
· Port subset indication when A1-2 is used (if A1-2 is supported)
· FFS: details on explicit indication or implicit derivation
· FFS: rank restriction
· FFS: codebook subset restriction
· FFS: supported codebook types for PMI, e.g., Type-I or Type-II
· FFS: report quantity
· FFS: reportFreqConfiguration
· FFS: Group identity of NZP CSI-RS resource(s) in a resource set for channel measurement when A1-1 is used
For CSI report configuration for type 2 SD adaptation, further study under which cases sub-configurations may or may not be needed including sub-configuration content



[bookmark: _Hlk134526015]In the current specification, (N1, N2) or (N1, N2, Ng) and codebook subset restriction are configured as a single parameter, as shown in Figure 5. As observed from the figure, the size of codebook subset restriction is related to (N1, N2) or (N1, N2, Ng). In some cases, the value of (N1, N2) or (N1, N2, Ng) can be implicitly derived from codebook subset restriction. For example, when (N1, N2) is adapted from (8, 2) to (4, 2), the size of codebook subset restriction changes from 256 to 128. In this case, it is not necessary to explicitly indicate (4,2) in sub-configuration. UEs will deduce that the codebook subset restriction with size of 128 is for (N1, N2) = (4, 2). Thus, if the gNB needs to notify UEs about limitation of codebook subset, including codebook subset restriction to implicit indicate (N1, N2) or (N1, N2, Ng) can save configuration overhead.
[bookmark: _Hlk134711057]Observation 3. The value of (N1, N2) or (N1, N2, Ng) can be implicitly derived from codebook subset restriction. 
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Figure 5. Configuration of (N1, N2), (N1, N2, Ng) and codebook subset restriction

As discussed in section 2.1.2, when A1-2 or A1-2-revised is used, a nested CSI-RS resource structure can be applied to represent CSI-RS resources associated with different spatial adaptation patterns. A port subset indication is then required to indicate which ports are considered for each spatial adaptation pattern. For port subset indication, explicit indication is necessary. It can be indicated in the form of bitmap where each bit represents a port, an CDM group or a pre-defined port group. It is noteworthy that port subset indication is needed when A1-1-revised CSI-RS resource configuration is used. If A1-2-revised is used, CSI-RS resource ID can be utilized to indicate the number of ports. If more than one CSI-RS resources in a resource set are associated with the same number of ports, a list of the corresponding CSI-RS resource IDs can be configured.
The criteria of including the parameters in each sub-configuration is that whether separate configurations are necessary. Considering this, the following parameters that are FFS in the agreement of last RAN1 meeting can also be included in each sub-configuration:
· Codebook subset restriction: as discussed above, codebook subset restriction can be included to indicate restriction on codebook subset and to implicitly indicate (N1, N2) or (N1, N2, Ng).
· Supported codebook types for PMI: considering that overhead control/reduction is one of the major issues for multi-CSI (N>1) and type-II codebook has large overhead even for single-CSI (N=1), it is beneficial to only support type-I codebook for multi-CSI. 
Proposal 5. The following can be included in each sub-configuration for type 1 spatial element adaptation:
· N1, N2 for single-panel and N1, N2, Ng for multi-panel or codebook subset restriction
· Note: The value of (N1, N2) or (N1, N2, Ng) can be implicitly derived from codebook subset restriction
· Port subset indication when A1-2-revised is used or CSI-RS resource identity when A1-1-revised is used
· Explicit indication in the form of bitmap can be supported
· Supported codebook types for PMI
· For multi-CSI (N>1), only Type-1 codebook is supported

CSI reporting 
In the RAN1#112b-e meeting, it is agreed to support gNB indicating UE to report N CSIs from L sub-configurations for semi-persistent (SP) / aperiodic (AP) CSI reporting. In addition, it was agreed to study necessary enhancements to enable such feature.
	Agreement (further modified as shown in red on April 21st GTW session, in blue on April 26th GTW session)
For a CSI report config with L sub-configuration(s), support a framework that enables a UE to report N CSI(s) in one reporting instance where the N CSI(s) are associated with N sub-configuration(s) from L (where ) and each CSI corresponds to one sub-configuration.
· For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
· For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
· The maximum value of N and L are subject to UE capability
· Further study how to address/minimize additional UE complexity
The following bullet was objected by not agreed due to objection from Apple and vivo
· For Periodic CSI reporting, at least the case of N=L is supported where N>=1
Agreement
For Semi-persistent/Aperiodic CSI reporting with 1≤N≤L, study what enhancements to the current DCI and MAC-CE mechanisms are needed for gNB triggering/indication/activation of the N CSI(s) in a reporting instance, where the N CSI(s) are associated with N sub-configuration(s) from L in a report config.



Assuming L CSI report sub-configurations that correspond to all possible spatial adaptation patterns, if UEs report all the L CSIs at every CSI reporting occasion, this might result in excessive UCI overhead and burden on the UEs in terms of CSI processing complexity. To reduce UCI overhead and CSI processing complexity, the simplest way is that gNB indicates UE to report N CSIs, where N is subject to the available UL resources and UE capability. 
Currently, SP CSI reporting can be activated by MAC-CE. Alternatively, SP CSI reporting can also be activated by DCI. For the DCI-based activation mechanism, trigger states associated with CSI report configuration IDs are configured by RRC signaling and CSI request field in DCI format 0_1 or 0_2 is used to indicate the activated trigger state. Here, a trigger state can only be associated with one CSI report configuration. AP CSI reporting is also triggered by CSI request field in DCI format 0_1 or 0_2. Unlike the SP CSI reporting, each AP trigger state can be associated with more than one CSI report configurations. The legacy CSI reporting mechanisms do not support activating/triggering a subset of sub-configurations, enhancements are necessary. There are two possible alternatives.
· Alt 1. An SP / AP trigger state is associated with N sub-configurations contained in the CSI report configuration. The legacy CSI request field is reused to indicate the activated/triggered sub-configurations. Figure 6 below illustrates Alt 1 with an example of activating/triggering sub-configuration 1 and sub-configuration 2 from 3 sub-configurations. 
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Figure 6. Alt 1 to enable gNB indicating UE to report N CSIs from L sub-configurations
Alt 1 is applicable for DCI activated/triggered SP/AP CSI reporting. It utilizes the legacy CSI request field to indicate N sub-configurations, at the expense of increasing the number of trigger states. Take the case shown in Figure 6 as an example, 7 trigger states are required for L =3. Assuming maximum 32 antenna ports with (N1, N2) = (8, 2), the number of possible sub-configurations is 6, i.e., (N1, N2) = (8, 2), (6, 2), (4, 2), (3, 2), (2, 2) and (2, 1). In this case, up to 63 trigger states are required for N takes values from 1 to 6 (i.e., ). Currently, maximum 64 trigger states and 128 trigger states for SP CSI reporting and AP CSI reporting can be configured, respectively. It is highly likely that the significant increased number of trigger states will exceed the current defined maximum number of trigger states. If A2-1 is adopted, further discussion will be needed on whether the maximum number of trigger states can be increased.
In addition, for SP CSI reporting, before activating the new trigger state, previous trigger state needs to be deactivated first. Otherwise, UCI overhead and CSI processing complexity are not reduced as the UE would keep measuring and reporting the CSIs corresponds to the sub-configurations activated by the previous trigger state. 

· Alt 2. The CSI report config with L sub-configuration is activated/triggered by legacy MAC-CE / DCI signaling. Meanwhile, the N sub-configurations for CSI measurement and reporting are indicated by a new DCI field or a new DCI format.  Figure 7 below illustrates Alt 2 with an example of indicating sub-configuration 1 and sub-configuration 2 from 3 sub-configurations of the activated/triggered CSI report config.
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Figure 7. Alt 2 to enable gNB indicating UE to report N CSIs from L sub-configurations
Alt 2 reuses the legacy SP/AP trigger state configuration framework without increasing the number of trigger states. For AP CSI reporting, a new DCI field in DCI format 0_1 or 0_2 can be introduced to indicate the N sub-configuration together with the AP CSI report triggering. For SP CSI reporting, a new DCI format can be considered to update N sub-configuration for the activated CSI report. Unlike Alt 1, it does not require the deactivation procedure to update the subset of sub-configurations. When a UE receives the DCI indicating N sub-configurations, it overrides the previous indicated sub-configurations. In this way, the signaling overhead for deactivation DCI transmission can be saved. Moreover, a group common DCI format can be considered to further reduce signaling overhead. Whenever the gNB applies the spatial elements adaptation, it is most likely that all active UEs served by the gNB have to adjust/change their CSI report content accordingly. 
Observation 4. There are two alternatives to enhance the current MAC-CE/DCI mechanism for gNB indicating of the N CSI(s) from L sub-configurations
· Alt 1. An SP / AP trigger state is associated with N sub-configurations contained in the CSI report configuration. The legacy CSI request is reused to indicate the activated/triggered sub-configurations.
· Alt 1 utilizes the legacy CSI request field to indicate N sub-configurations, at the expense of increasing number of trigger states.
· Alt 2. A new DCI field in DCI 0_1 and 0_2 or a new DCI format is introduced to indicate N sub-configurations and the CSI report configuration is activated/triggered by legacy MAC-CE / DCI signaling. 
· Alt 2 reuses the legacy SP/AP trigger state configuration framework without increasing the number of trigger states. 
· For SP CSI reporting, deactivation procedure is not required to update the subset of sub-configurations.
Proposal 6. Support to introduce new DCI field in DCI 0_1 and 0_2 or a new DCI format to indicate N CSI(s) from L sub-configurations.

Necessary enhancements for beam management 
Another issue needs to be considered for spatial elements adaptation is that it may also have impact on 1-port CSI-RS transmission.  When TxRU(s) are reduced, corresponding PA(s) and antenna elements are turned off which may lead to CSI-RS transmission power backoff. Eventually, it may lead to false alarm of beam failure and radio link failure, as well as unnecessary event-triggered measurement report, which increases the signaling overhead for UL reporting. Thus, enhancement on RLM and RRM measurement based on CSI-RS should considered. For example, group-common signaling can be considered to inform UE about transmission power update caused by the spatial elements adaptation.
Proposal 7. Enhancements on RLM and RRM measurement on CSI-RS are necessary considering the potential transmission power fluctuation of 1-port CSI-RS due to adaptation of spatial element.

Power domain adaptation 
In the RAN1#112b-e meeting, the following was agreed w.r.t power domain adaptation.
	Agreement
For power domain adaptation, for CSI(s) reporting, support configuration of more than one power offset values for PDSCH relative to CSI-RS
· FFS: impact on CSI processing requirement
· FFS: details on configuration/indication of the power offset values
· FFS: whether/how to additionally consider the case where CSI-RS power is changed
Agreement
For power domain adaptation, support the following configuration(s) for CSI-RS resource configuration,
· A1-2-power: one or more resources can be configured in a resource set within a resource setting and each resource can be associated with one or more power offset values
· FFS: A1-1-power: a resource set with multiple resources is configured within a resource setting, where resources can have different power offset values
· FFS: Details of how the different power offset values(s) are configured/indicated.



In current specification, the gNB can indicate the power offset between PDSCH and NZP CSI-RS by RRC parameter powerControlOffset, which is a parameter of NZP CSI-RS resource configuration. UEs calculate CSIs by taking the configured offsets into account. Here, the configured offsets can be hypothesis ones. That is, the CSI-RS transmission is not impacted by power domain adaptation, and UE generates different sets of CSIs based on different hypothesis power offsets between CSI-RS and PDSCH. 
Considering that transmission power changes when the number of spatial elements is adapted, the power domain adaptation can be seen as a special case of spatial domain adaptation. Therefore, the same framework for the enhancement to support spatial domain adaptation can be also applied for power domain adaptation. In this way, STD workload can be reduced. 
Proposal 8. The same framework for the enhancement to support spatial domain adaptation can be applied for power domain adaptation.
Following this principle, we have the following proposals.
For CSI-RS resource configuration, support both A1-1-power and A1-2-power alternatives. The motivation is similar as explained in section 2.1.2, high configuration efficiency can be obtained for A-1-2-power, while low specification impact is expected for A-1-1-power. 
Proposal 9. Support both A1-1-power and A1-2-power for CSI-RS resource configuration when power domain adaptation is adopted.  
For CSI report configuration, support a CSI report configuration which consists of L () sub-configurations where each sub-configuration corresponds to one power domain adaptation pattern. With such configuration, gNB can indicate UE to report N (1) CSI(s) corresponding to N sub-configuration(s) in one reporting occasion. The necessary enhancement from the signalling perspective is to enable dynamic update of the N sub-configurations. With a similar motivation as explained in section 2.1.4, a new DCI field or DCI format can be considered to dynamically update the power offset configuration for SP/AP CSI reporting.
Proposal 10. Support a CSI report configuration which consists of L (L≥1) sub-configurations where each sub-configuration corresponds to one power offset value.
Proposal 11. For the enhancement of MAC-CE/DCI activated/triggered SP/AP CSI reporting, introduce a new DCI field in DCI 0_1 and 0_2 or a new DCI format to indicate N CSIs from L sub-configurations.

Conclusions 
In this contribution, we discussed the necessary enhancements on CSI related procedures and beam management procedure for spatial element adaptation and power domain adaptation. The following observations and proposals were provided.
Observation 1. 
· There is no obvious difference between type 1 spatial element adaptation and type 2 spatial element adaptation in terms of energy saving gain.
· Network vendors/operators can adopt one of them based on the original RF/IF structure in their network equipment.
· The mechanism/signaling design can be simplified by considering the characteristics of type 1 spatial element adaptation and type 2 spatial element adaptation, respectively.
Observation 2. 
· For Type 1 adaptation, nested CSI-RS resource structure can be utilized for channel measurement of different adaptation patterns.
· For Type 2 adaptation, different CSI-RS resources are required for channel measurement of different adaptation patterns.
Observation 3. The value of (N1, N2) or (N1, N2, Ng) can be implicitly derived from codebook subset restriction. 
Observation 4. There are two alternatives to enhance the current MAC-CE/DCI mechanism for gNB indicating of the N CSI(s) from L sub-configurations
· Alt 1. An SP / AP trigger state is associated with N sub-configurations contained in the CSI report configuration. The legacy CSI request is reused to indicate the activated/triggered sub-configurations.
· Alt 1 utilizes the legacy CSI request field to indicate N sub-configurations, at the expense of increasing number of trigger states.
· Alt 2. A new DCI field in DCI 0_1 and 0_2 or a new DCI format is introduced to indicate N sub-configurations and the CSI report configuration is activated/triggered by legacy MAC-CE / DCI signaling. 
· Alt 2 reuses the legacy SP/AP trigger state configuration framework without increasing the number of trigger states. 
· For SP CSI reporting, deactivation procedure is not required to update the subset of sub-configurations.

Proposal 1. The CSI related enhancement(s) for the support of type 1 spatial element adaptation and type 2 spatial element adaptation are discussed separately, if necessary.
Proposal 2. A1-1-revised can be applied for both Type 1 and Type 2 adaptations. 
Proposal 3. Confirm the working assumption that both Al-1-revised and A1-2-revised alternatives are supported.
Proposal 4. 
· For A-1-1-revised, CSI-RS resources in a resource set for channel measurement can be associated with different numbers of antenna ports.
· For A-1-2-revised, CSI-RS resources in a resource set for channel measurement should be associated with the same number of type 1 adaptation patterns.
Proposal 5. The following can be included in each sub-configuration for type 1 spatial element adaptation:
· N1, N2 for single-panel and N1, N2, Ng for multi-panel or codebook subset restriction
· Note: The value of (N1, N2) or (N1, N2, Ng) can be implicitly derived from codebook subset restriction
· Port subset indication when A1-2-revised is used or CSI-RS resource identity when A1-1-revised is used
· Explicit indication in the form of bitmap can be supported
· Supported codebook types for PMI
· For multi-CSI (N>1), only Type-1 codebook is supported
Proposal 6. Support to introduce new DCI field in DCI 0_1 and 0_2 or a new DCI format to indicate N CSI(s) from L sub-configurations.
Proposal 7. Enhancements on RLM and RRM measurement on CSI-RS are necessary considering the potential transmission power fluctuation of 1-port CSI-RS due to adaptation of spatial element.
Proposal 8. The same framework for the enhancement to support spatial domain adaptation can be applied for power domain adaptation.
Proposal 9. Support both A1-1-power and A1-2-power for CSI-RS resource configuration when power domain adaptation is adopted.  
Proposal 10. Support a CSI report configuration which consists of L (L≥1) sub-configurations where each sub-configuration corresponds to one power offset value.
Proposal 11. For the enhancement of MAC-CE/DCI activated/triggered SP/AP CSI reporting, introduce a new DCI field in DCI 0_1 and 0_2 or a new DCI format to indicate N CSIs from L sub-configurations.
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