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1. Introduction
In the RAN1#113 meeting, the techniques of network energy saving from the spatial domain and power domains were discussed. A few agreements have been achieved [1]. The details of the agreements are listed in the corresponding sections. 

In this contribution, we provide our views on the network energy saving techniques in spatial and power domains.

2. Network energy saving techniques in spatial domain 
2.1 Discussion on sub-configurations for Type 1 and 2 SD adaptation
In the last meeting, both Type 1 and Type 2 SD adaptation are supported with different configuration alternatives.

	
Agreement(#113)
Confirm the working assumption with the following update (in blue)
· 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 (modified as shown in April 19th GTW session) （#112bis）
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

Agreement (#113)
· 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 (113)
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 (113)
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 mor e than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)

[bookmark: _Hlk141118502]Agreement（112bis）
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

[bookmark: _Hlk141118688]Agreement (113)
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 (113)
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




For Type 1 SD adaptation, all CSI-RS resource(s) in the CSI-RS resource set for channel measurement are associated with each sub-config. With the same CSI-RS resources, different sub-configs should be presented through the indication of activated port numbers. According to the agreements, one bit per port based bitmapping are supported for both single and multiple panel cases. Under each sub-configuration, legacy port configurations and codebook configuration are also supported. It still needs discussion whether less than 4 ports should be supported. 

Two-port codebook feedback can be used for lower frequency band, such as lower than 1GHz. And for the energy saving of gNB, lower port number would achieve higher energy saving gains. Thus, less than 4 ports sub-configuration for the Type 1 SD should be supported. 

Proposal 1:
The sub-configuration with less than 4 ports for the Type 1 SD should be supported.

For Type 2 SD adaptation, 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. But it is still not clear that whether the CSI-RS resources associated with different sub-configs should be within one resource set or different resource sets. Two options could be considered. 
Option 1：For A1-1-revised for Type 2, all CSI-RS resources in one resource sets are associated with one sub-configuration. Multiple CSI-RS resource sets can be configured within one CSI report config to present multiple sub-configurations. 
Option 2: For A1-1-revised for Type 2, all CSI-RS resources in one resource sets can be associated with multiple sub-configurations. Within the resource set, the CSI-RS resources are grouped and associated with different sub-configurations. 

Proposal 2:
For A1-1-revised for Type 2, it is still unclear about the association between CSI-RS resource set for channel measurements and the sub-configurations. Two options can be considered. 
· Option 1: For A1-1-revised for Type 2, all CSI-RS resources in one resource sets are associated with one sub-configuration. Multiple CSI-RS resource sets can be configured within one CSI report config to present multiple sub-configurations. 
· Option 2: For A1-1-revised for Type 2, all CSI-RS resources in one resource sets can be associated with multiple sub-configurations. Within the resource set, the CSI-RS resources are grouped and associated with different sub-configurations. 

In Type 2 SD adaptation with A1-1 revised, though different CSI-RS resources are used for different sub-configuration. The CSI-RS resources under different sub-config represents different energy saving mode of gNB and the CSI are reported for different energy saving mode. In Type 2 SD adaptation with A1-1 revised, only the pattern of beam forming may be impacted due to less involved antenna elements. But this may not have impact on the related configurations, such as codebook config, CQI table, reportFreqConfiguration and report quantity. The CSI reporting of sub configurations under different SD adaptation is used to evaluate whether the power saving mode can be used in the same circumstance. Then there is no need to introduce divers configurations for CSI reporting for different sub-configurations. 

[bookmark: _Hlk142655203]Proposal 3:
The codebook configuration, CQI table indication, reportFreqConfiguration, and report quantity should be the same for different sub-configuration within one CSI report configuration.

2.2 Discussion on the indication of sub-configurations

	
Agreement (#113)
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

[bookmark: _Hlk142387114]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




For periodic CSI reporting, all the L sub-configuration within the CSI reporting config would be reported in every periodic occasion. And for AP-CSI and SP-CSI on PUSCH report, DCI based triggering is supported. For the SP-CSI on PUCCH report, MAC CE based triggering is supported. For the MAC CE based triggering, the signalling design of MAC CE is left to RAN2 discussion. For DCI based triggering, One trigger state corresponds to N sub-configurations from the L sub-configurations. And how to select the N sub-config out of L sub-configurations should be discussed. 

Alternative 2: An indication of N sub-configuration from L can be indicated within the CSI-AssociatedReportConfigInfo for aperiodic CSI reporting. And for semi-Persistent CSI on PUSCH, the indication is located within CSI-SemiPersistentOnPUSCHTriggerState. A bitmap with length of L can be used to indicate the N sub-configuration which will be triggered. each bit corresponds to one sub-configuration. Bit 1 means the corresponding sub-configuration will be triggered in the trigger state. Since each trigger sate is associated with one CSI-reportconfig who has L sub-configurations, different N sub-configurations can be indicated through the bitmap to select the N out of L sub-configurations. 

[bookmark: _Hlk142655214]Proposal 4:
The N sub-configurations from L can be indicated/configured within the CSI-AssociatedReportConfigInfo for aperiodic CSI reporting. 

Proposal 5:
The N sub-configurations from L can be indicated/configured within the SemiPersistentOnPUSCHTriggerState for semi-persistent CSI reporting on PUSCH.

2.3 Enhancements on CSI reporting

	
Agreement (113)
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

Agreement (113)
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

Agreement (113)
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




The baseline reporting mechanism was supported in the last meeting. The mapping of CSIs in one CSI reporting needs further discussion. One straightforward solution is to map the CSIs according to the index or ID of each sub-configuration. If the CSI reporting with payload reduction is supported, the reference CSI should be delivered first. And some of the quantities of the CSI reporting, such as CRI, RI, PMI, in the reference reporting can be reused for the CSI reporting from other sub-configurations. 

[bookmark: _Hlk142655222]Proposal 6:
The mapping of CSI within the baseline CSI reporting could be according to the index or ID of sub-configurations. 

Proposal 7:
Support to introduce CSI reporting with payload reduction. 

3. Network energy saving techniques in power domain 

	
[bookmark: _Hlk141118353][bookmark: _Hlk142416533]Agreement（112bis）
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

[bookmark: _Hlk141118413]Agreement（112bis）
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.

[bookmark: _Hlk141118746]Agreement (113)
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

Agreement (113)
Joint operation of SD and PD adaptation is supported.




In the last meeting, it was also agreed that the joint operation of SD and PD adaptation is supported. But in the agreement above, the CSI reporting considering both SD adaptation with sub-configuration and power offset control value is still in bracket. It is proposed to remove the bracket around and to support the CSI reporting considering both SD adaptation and power control offsets.

[bookmark: _Hlk142655228]Proposal 8:
Remove the bracket around and in the previous agreement, as below
Agreement (113)
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…

In the previous meeting, it was agreed that for CSI reporting, more than one power offset values for PDSCH relative to CSI-RS can be configured. And for the configuration of CSI-RS resource, it was agreed that for each resource within one resource set, one or more power offset values can be configured. But the details on the configuration and how to indicate which power offset should be used is still open. 

Current specification supports only one powerControlOffset within the configuration of NZP-CSI-RS-Resource. Following the agreement above, multiple power control offset values can be configured within the configuration of NZP-CSI-RS-Resource. Within the CSI report configuration, at least one power control offset value can be selected for the CSI reporting. In addition, considering that multiple SD adaptation patten can be configured for the CSI reporting. For the flexibility, at least one power offset values should be indicated for each sub-configuration for SD adaptation. 

[bookmark: _Hlk142655237]Proposal 9:
Multiple power offset values for power domain adaptation could be configured within the configuration of NZP-CSI-RS-Resource. 

Proposal 10:
For CSI reporting, at least one power offset value should be indicated/configured for each sub-configuration of the SD adaptations. 

Multiple power control offset values can be configured for NZP-CSI-RS-Resource. One is the legacy specified powerControlOffset within the NZP-CSI-RS-Resource configuration. Others are the multiple power offset values for CSI reporting under power domain adaptations. It should be further clarified the relations between them. One option is to replace the original powerControlOffset with one of the power offset values of PD adaptations. Another option is to assume the transmit power of gNB based on both powerControlOffset and power offset values of PD adaptations. The second options which assume the transmit power based on both powerControlOffset and power offset value for NES is preferred. 

[bookmark: _Hlk142655241]Proposal 11:
Both legacy powerControlOffset and the power offset value for power domain adaptation should be considered for the transmit power assumption.

If multiple power offsets are configured or indicated with corresponding sub-configurations, multiple CSI, such as CQI, RI, and PMI, should be reported in the CSI report. If the transmission layer number is reduced due to the power offset, then the RI, PMI and CQI under the power offset for PD adaptation should be reported. If the transmission layers will not be impact due to reduced power, then only a updated CQI under the PD adaptation should be reported compared with the baseline reporting. 

[bookmark: _Hlk142655250]Proposal 12:
A compacted CSI reporting for PD adaptation should be considered to reduce the payloads.

4. Beam management and enhancements on TCI states 

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




4.1 Beam management enhancements

When gNB mutes some spatial elements for network energy saving, the corresponding PAs may be turned off that leads to power backoff, and/or the corresponding antenna elements may be turned off that leads to EIRP back off, which finally lead to the power backoff of signal transmission, including CSI-RS and PDSCH, etc. Dynamic spatial elements on/off may result in changes to the transmission power of the reference signal or channel, which may further introduce additional measurement and reporting problem for UE.

Beam failure recovery or radio link monitoring procedure may be affected. For beam failure recovery procedure, UE assesses the radio link quality according to periodic CSI-RS and/or SSB against the threshold Qout,LR for beam failure detection, and UE finds new candidate beam according to the L1-RSRP measurements of periodic CSI-RS and/or SSB that are larger than or equal to the threshold Qin,LR, where Qout,LR and Qin,LR correspond to the value of rlmInSyncOutOfSyncThreshold and rsrp-ThresholdSSB configured by RRC, respectively. If gNB turns off some spatial elements, it may lead to CSI-RS transmission power backoff. If the threshold is not changed accordingly, the power backoff may leads to the L1-RSRP of CSI-RS less than the threshold Qout,LR, especially for cell-edge UEs, and results in frequently beam failure detection, or UE could not finds new candidate beam that larger than or equal to the threshold Qin,LR, and results in frequently contention-based initial access procedure. Hence, the threshold Qout,LR and threshold Qin,LR may be needed to update together with spatial elements on/off. Similarly, radio link monitoring procedure and RRM measurement may also have such problem.

Therefore, to avoid above problem, we need to first discuss on whether to support Spatial/Power-domain adaptations for CSI-RS used for beam management and RRM. If the answer is no, then no need for the BM enhancements since the power saving is not applied to those measurement CSI-RS. If the answer is yes, enhancements are needed. For example, the scaling and offsets to the threshold of beam failure detection and threshold of candidate beam identification can be considered.

[bookmark: _Hlk142655259]Proposal 13: 
It should be first discussed whether to support Spatial/Power-domain adaptations for CSI-RS used for beam management or RRM.

Proposal 14:
If Spatial/Power-domain adaptations can be applied to CSI-RS for beam management or RRM, Case 1 can be supported.
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving

4.2 TCI enhancements

According to previous agreements, take period CSI-RS as an example, there will be multiple CSI-RS resources configured and transmitted within one CSI resource set, each associated with one spatial adaptation pattern. For physical channels such PDCCH, PDSCH, PUSCH, they are associated to one TCI state. When dynamic spatial adaption is enabled, TCI state of such downlink transmission needs to associate to correct CSI-RS resource corresponding to the same spatial adaption pattern as PDSCH transmission. So for PDCCH/PDSCH/PUSCH channel, method 2 can solve the problem, which means multiple candidate sets of TCI state(s) can be configured, and switch them based on L1/L2 signaling or implicitly along with spatial pattern adaption. For example, when PDSCH is transmitted with spatial adaption pattern 1, TCI state set 1 is activated, the Transmission configuration indication field in DCI indicate TCI out of TCI state set 1. When PDSCH is transmitted with spatial adaption pattern 2, TCI state set 2 is activated, the Transmission configuration indication field in DCI indicate TCI out of TCI state set 2. 

Therefore, for PDCCH, PDSCH, PUSCH, method 2 can be supported.
 
[bookmark: _Hlk142655266]Proposal 15: 
For TCI enhancement of PDCCH, PDSCH, PUSCH, following Method 2 can be supported,
· Method 2: Configure multiple candidate sets of TCI state(s) and switch one of them based on L1/L2 signaling. 

Besides TCI state association for PDCCH/PDSCH/PUSCH transmission, CSI-RS is also used as spatial relation info for PUCCH or precoder reference for SRS. For example, the network can configure associated CSI-RS for SRS, for non-codebook based transmission, UE can calculated the precoder used for the transmission of SRS based on measurement of an associated NZP CSI-RS. When spatial adaption is enabled, multiple associated NZP CSI-RS may need to be configured for SRS, and UE can determine which CSI-RS resource to use based on possible L1/L2 signaling of spatial pattern adaption from gNB. 

For PUCCH, the IE PUCCH-SpatialRelationInfo can configure referenceSignal for PUCCH, and the reference signal can be SSB, CSI-RS, or SRS. When the reference signal is CSI-RS, the UE transmits the PUCCH using a same spatial domain filter as for a reception of a CSI-RS with resource index provided by csi-RS-Index. When spatial adaption is enabled, multiple reference NZP CSI-RS resources may need to be configured for PUCCH, each corresponding to one spatial adaption pattern, and UE can determine which CSI-RS resource to use based on L1/L2 indication of spatial pattern adaption from gNB. 

So enhancements are needed for PUCCH and SRS for SpatialRelationInfo or associated CSI-RS configuration, it is proposed to support 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.

[bookmark: _Hlk142655273]Proposal 16: 
Enhancements are needed for PUCCH and SRS for SpatialRelationInfo or associated CSI-RS configuration. 

Proposal 17: 
For enhancements of SpatialRelationInfo for PUCCH or associated CSI-RS configuration for SRS, support Method 1,
· 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.

5. CSI-RS overhead reduction 

During RAN1#112bis meeting, the following agreements related to CSI-RS configuration were made,

	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.
· 



According to the agreements, CSI-RS corresponding to multiple spatial adaptation patterns will be configured. For A1-1-revised, when periodic or semi-persistent CSI-RS is configured, the CSI-RS overhead will be large. So some overhead reduction method should be considered.

One possible method is to introduce multiple periodicity values for each CSI-RS resource, for example, 2 periodicity values P1 and P2 are configured for each CSI-RS resource, P1<P2. When gNB is transmitting downlink channels with spatial adaption pattern 1, then the CSI-RS resource corresponding to spatial adaption pattern 1 is transmitted with P1, while CSI-RS resources corresponding to other spatial adaption patterns are transmitted with P2. As shown in figure.2, when gNB changes spatial adaption pattern to pattern 2, then the CSI-RS resource corresponding to spatial adaption pattern 2 is transmitted with P1, while CSI-RS resources corresponding to other spatial adaption patterns are transmitted with P2. So that gNB can have the channel knowledge of other spatial adaption patterns, but the measurements does not have to be done frequently. The CSI-RS overhead can be reduced.
[image: ]
Figure 2. CSI-RS transmitted with different periodicity values.

Proposal 18: CSI-RS resource overhead reduction should be considered when CSI-RS resources corresponding to multiple spatial adaption patterns are transmitted.

Proposal 19: Support to introduce multiple periodicity values for each CSI-RS resource, and CSI-RS can be transmitted with different periodicity according to the activated spatial adaption pattern. 

6. Conclusion
In this contribution, we provide our views on the network energy saving techniques in spatial and power domains. The observation and proposals are as follows:


Proposal 1:
The sub-configuration with less than 4 ports for the Type 1 SD should be supported.

Proposal 2:
For A1-1-revised for Type 2, it is still unclear about the association between CSI-RS resource set for channel measurements and the sub-configurations. Two options can be considered. 
· Option 1: For A1-1-revised for Type 2, all CSI-RS resources in one resource sets are associated with one sub-configuration. Multiple CSI-RS resource sets can be configured within one CSI report config to present multiple sub-configurations. 
· Option 2: For A1-1-revised for Type 2, all CSI-RS resources in one resource sets can be associated with multiple sub-configurations. Within the resource set, the CSI-RS resources are grouped and associated with different sub-configurations. 

Proposal 3:
The codebook configuration, CQI table indication, reportFreqConfiguration, and report quantity should be the same for different sub-configuration within one CSI report configuration.

Proposal 4:
The N sub-configurations from L can be indicated/configured within the CSI-AssociatedReportConfigInfo for aperiodic CSI reporting. 

Proposal 5:
The N sub-configurations from L can be indicated/configured within the SemiPersistentOnPUSCHTriggerState for semi-persistent CSI reporting on PUSCH.

Proposal 6:
The mapping of CSI within the baseline CSI reporting could be according to the index or ID of sub-configurations. 

Proposal 7:
Support to introduce CSI reporting with payload reduction. 

Proposal 8:
Remove the bracket around and in the previous agreement, as below
Agreement (113)
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…

Proposal 9:
Multiple power offset values for power domain adaptation could be configured within the configuration of NZP-CSI-RS-Resource. 

Proposal 10:
For CSI reporting, at least one power offset value should be indicated/configured for each sub-configuration of the SD adaptations. 

Proposal 11:
Both legacy powerControlOffset and the power offset value for power domain adaptation should be considered for the transmit power assumption.

Proposal 12:
A compacted CSI reporting for PD adaptation should be considered to reduce the payloads.

Proposal 13: 
It should be first discussed whether to support Spatial/Power-domain adaptations for CSI-RS used for beam management or RRM.

Proposal 14:
If Spatial/Power-domain adaptations can be applied to CSI-RS for beam management or RRM, Case 1 can be supported.
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving

Proposal 15: 
For TCI enhancement of PDCCH, PDSCH, PUSCH, following Method 2 can be supported,
· Method 2: Configure multiple candidate sets of TCI state(s) and switch one of them based on L1/L2 signaling. 

Proposal 16: 
Enhancements are needed for PUCCH and SRS for SpatialRelationInfo or associated CSI-RS configuration. 

Proposal 17: 
For enhancements of SpatialRelationInfo for PUCCH or associated CSI-RS configuration for SRS, support Method 1,
· 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.

Proposal 18: CSI-RS resource overhead reduction should be considered when CSI-RS resources corresponding to multiple spatial adaption patterns are transmitted.

Proposal 19: Support to introduce multiple periodicity values for each CSI-RS resource, and CSI-RS can be transmitted with different periodicity according to the activated spatial adaption pattern. 
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8. Annex A: WID
	The objectives of the work item are the following:

1. Specify SSB-less SCell operation for inter-band CA for FR1 and co-located cells, if found feasible by RAN4 study, where a UE measures SSB transmitted on PCell or another SCell for an SCell’s time/frequency synchronization (including downlink AGC), and L1/L3 measurements, including potential enhancement on SCell activation procedures if necessary [RAN4, RAN2]

2. Specify enhancement on cell DTX/DRX mechanism including the alignment of cell DTX/DRX and UE DRX in RRC_CONNECTED mode, and inter-node information exchange on cell DTX/DRX [RAN2, RAN1, RAN3]
· Note: No change for SSB transmission due to cell DTX/DRX.
· Note: The impact to IDLE/INACTIVE UEs due to the above enhancement should be avoided.
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

4. Specify mechanism(s) to prevent legacy UEs camping on cells adopting the Rel-18 NES techniques, if necessary [RAN2] 

5. Specify CHO procedure enhancement(s) in case source/target cell is in NES mode [RAN2]

6. Specify inter-node beam activation and enhancements on restricting paging in a limited area [RAN3].

7. Specify the corresponding RRM/RF core requirements, if necessary, for the above features [RAN4]
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