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1. Introduction
In the RAN1#112bis-e meeting, the techniques of network energy saving from the spatial domain and power domains was 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 

	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
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



During previous meetings, the agreements on CSI-RS resource configuration and CSI report configuration were made. Either one to one mapping or one to many mapping between CSI-RS resources and spatial domain adaptation patterns were discussed. Since we go deep into the discussion of the CSI reporting with CSI reporting sub-configurations, the transmission behavior of CSI-RS resources under different SD adaptations should be clarified. With the same understanding about the CSI-RS resource transmission behavior, it can facilitate the discussion of the CSI reporting and the configurations. 

[bookmark: _Hlk134970014]Three cases could be considered for the DL transmission in the network energy saving.
· Case 1: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with multiple SD adaptation patterns are transmitted. 
· Case 2: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with the same SD adaptation patterns are transmitted. Multiple CSI-RS configurations with different SD adaptation patterns can be configured. According to the indication of SD adaptation pattern changing, the updated SD adaptation pattern would be applied to both CSI-RS resources and DL channels.
· Case 3: One CSI-RS resources corresponding to multiple SD adaptation patterns. gNB can determine the specific SD adaptation pattern for the DL transmission based on the measurement of the CSI-RS resources. 
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Figure 1 Three cases of CSI-RS transmission for spatial domain adaption.

In Case 1, gNB has the full information about the CSI under different SD adaptation patterns, it can make accurate decisions on the SD adaptation and scheduling. But the CSI-RS resource overhead is high. This case can be applied to both Type 1 and Type 2 SD adaptations. 

In Case 2, gNB only has the CSI in the current SD adaptation pattern. A hard switch would happen when the SD adaptation pattern is changed. An estimation for the CSI in the updated SD adaptation would be needed. Or the gNB has to wait until the CSI under the updated SD adaptation pattern is acquired. The CSI-RS resource overhead is lower compared with Case 1. Case 2 can be applied to both Type 1 and Type 2 SD adaptation.  

In Case 3, at least the Type 1 SD adaptation can be applied. gNB can have the CSI of different SD adaptation patterns based on single measurement over the same CSI-RS resources. Whether this case can be applied to Type 2 SD needs more discussion. 

For the discussion of CSI reporting under different SD adaptation, the behavior of DL transmission in the NES should be discussed and clarified. The three cases should be considered for the following discussions. 

Proposal 1: 
The following 3 cases should be considered for the DL transmission in the NES.
· Case 1: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with multiple SD adaptation patterns are transmitted. 
· Case 2: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with the same SD adaptation patterns are transmitted. Multiple CSI-RS configurations with different SD adaptation patterns can be configured. According to the indication of SD adaptation pattern changing, the updated SD adaptation pattern would be applied to both CSI-RS resources and DL channels.
· Case 3: One CSI-RS resources corresponding to multiple SD adaptation patterns. gNB can determine the specific SD adaptation pattern for the DL transmission based on the measurement of the CSI-RS resources. 

2.1 Enhancements on CSI-RS resources

In the last RAN1 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 resource(s) corresponding to multiple SD adaptation patterns can be configured. The CSI-RS resources can be transmitted either in Case 1 mode or Case 2 mode. In Case 1, the overhead of the CSI-RS resources will be doubled if only two SD adaptation patterns are adopted. Then the overhead reduction method for CSI-RS resource transmission 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 the CSI-RS resource, P1<P2. When SD adaptation pattern 1 is adopted for the DL transmission, the CSI-RS resource corresponds to SD adaption pattern 1 is transmitted in periodicity P1. And the CSI-RS resources corresponding to SD adaptation pattern 2 are transmitted in periodicity P2. As shown in Figure 2, when the SD adaptation is updated from pattern 1 to pattern 2, the CSI-RS resources corresponding to the SD pattern 2 would be transmitted in the shorter periodicity P1. And the CSI-RS resources corresponding to the SD adaptation pattern 1 would be transmitted in a longer periodicity P2. Then the gNB can have the CSI information of both SD adaptation pattern 1 and 2 but with less CSI-RS resource transmissions. The overhead of CSI-RS resources can be reduced. 
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Figure 2 CSI-RS transmitted with different periodicity values.
Another method is to introduce a triggering indication for CSI-RS resource transmission corresponding to the other SD adaptation pattern. As shown in Figure 3, if the SD adaptation pattern 1 is adopted for DL transmission, CSI-RS resources under the SD adaptation pattern 1 are transmitted periodically. When the CSI of SD adaptation pattern 2 is required, the transmission of CSI-RS resources under SD adaptation pattern 2 can be triggered. 
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Figure 3 CSI-RS transmission in SD adaptation pattern 2 is triggered.

Proposal 2: 
CSI-RS resource overhead reduction should be considered, when CSI-RS resources corresponding to multiple spatial adaption patterns (A1-1-revised) are adopted. 

Proposal 3: 
To resolve the overhead issue of CSI-RS resource transmission, the following two methods can be considered. 
· Method 1: Introducing multiple periodicities for each CSI-RS resource. The CSI-RS resources can be transmitted with different periodicity according to the activated SD adaptation pattern. 
· Method 2: one CSI-RS transmission can have different transmission behavior depending on different activated spatial domain patterns.

2.2 Enhancements on beam management

In the Case 1 in section 2, multiple CSI-RS resources are transmitted in different spatial domain adaptation pattern, and the PDSCH transmissions are associated with those CSI-RS resources. If the spatial domain adaptation pattern of the PDSCH changes, the associated CSI-RS resources should be also updated. In the Case 2 of section 2, gNB will change the SD adaptation pattern from pattern 1 to pattern 2. The CSI-RS should be also updated accordingly. The CSI-RS resources and the related TCI states would be updated due the change of SD adaptation pattern. 

Proposal 4:
The TCI states would be updated due to the change of SD adaptation patterns of the CSI-RS resources. 

Besides to facilitate the demodulation of the PDSCH, the CSI-RS resources could also be the reference RS of other channels and signals, especially some uplink signals and channels. For the SRS for NCB PUSCH, the SRS would be associated with the CSI-RS resources for the CSI measurements. Once the SRS resources are configured as semi-persistent or periodic transmission, it is not easy to update the reference RS without the RRC reconfiguration. The transmission direction of the PUCCH is determined by the PUCCH-SpatialRelationInfo in which the CSI-RS resources could also be the reference signals. For the SD adaptation, multiple CSI-RS resources relative to different SD adaptation patterns or single CSI-RS resource supporting different SD adaptation patterns can be used as the reference signal of PUCCH and SRS. 
It should be further discussed how UE could identify which SD adaptation pattern is used to facilitate both DL demodulation and uplink transmissions. The enhancements based on different SD adaptation patterns for the spatial relation information of PUCCH and the associated CSI-RS of SRS should be considered. 

Proposal 5: 
The enhancements for the spatial relation information of PUCCH and associated CSI-RS of SRS should be configured especially under different SD adaptation patterns. 

2.3 Signaling to enable dynamic logical port adaptation for CSI-RS

As discussed for the Case 1 and Case 2, when multiple SD adaptation patterns are configured for multiple CSI-RS resources or multiple SD adaptation patterns are configured for a single CSI-RS resource, it still needed for UE to identify which CSI-RS resources or SD adaptation pattern would be used. An indication of SD adaptation pattern should be supported to facilitate both DL and UL transmissions. 

Proposal 6:
An indication of SD adaptation pattern should be supported.

In current network, the overhead of CSI-RS transmission is non-negligible, especially for periodic CSI-RS. Overhead reduction of CSI-RS transmission is essential for network energy saving. Currently, the ports number and RE location of CSI-RS within a slot is configured by RRC. If gNB turns off some spatial elements that will not be used and only transmit a subset of antenna ports of the CSI-RS, RRC reconfiguration is needed for CSI-RS adaptation, which will lead to extra delay the SD adaptation switching. Dynamic switching and the indication of different SD adaptation pattern can reduce the delay and overhead caused by RRC reconfiguration. 

For example, as shown in Figure 4, an 8-port CSI-RS is configured to UE. If gNB turns off 64 TxRUs to 32 TxRUs, the 8-port CSI-RS can still be transmitted. But the antenna pattern of the 8 port CSI-RS would be changed, which may induce the change of the QCL state. The dynamic indication of the change of spatial adaptation pattern would let the UE know that the CSI would be changed due to the change of the antenna elements or the TxRUs. On the other hand, if gNB turns off the 8 TxRUs to 2 TxRUs, then only 2-port CSI-RS can be transmitted. In this case, the dynamic indication of the spatial adaptation would let the UE know that the CSI-RS ports has changed.

For aperiodic CSI-RS, multiple CSI-RS resource sets are configured by RRC, DCI could trigger a suitable CSI-RS resource set, so, enhancement is not needed. For semi-persistent and periodic CSI-RS, multiple port configurations can be semi-statically configured by RRC for each CSI-RS resource, and MAC CE or DCI can be used for dynamic CSI-RS port adaptation.
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Figure 4 CSI-RS port adaptation for network energy saving
Proposal 7: 
Dynamic SD adaptation pattern switching for CSI-RS should be supported for semi-persistent and periodic CSI-RS.

2.4 Enhancements on CSI reporting

In the last meeting, two agreements related to the CSI report configuration and CSI-RS resource setting have been achieved.

	
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

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




Different associations were discussed in the last meeting. Only a working assumption is concluded. From our understanding, both A1-1-revised (one resource associated with only one spatial adaptation pattern) and A1-2-revised (one resource associated with more than one spatial pattern) can work and have their application scenarios. A1-1-reivsed can be used for the spatial domain adaptation type 2, in which the CSI-RS ports are not changed but the antenna pattern and TCI information may be changed due to the shut down of some TxRUs. A1-2-revised can be applied to the spatial adaptation Type 1, in which the same CSI-RS resources can be used and a full set of CSI-RS ports and the partial the CSI-RS ports can represent different spatial domain patterns. 

Proposal 8:
Support both A1-1-revised and A1-2-revised.

Proposal 9:
At least, A1-2-revised should be supported for spatial adaptation Type 1 and A1-1-revised should be supported for spatial adaptation Type 2. 

	
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 (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 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 restrictionaa
· 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.




Since A2-2 is supported, multiple CSI report sub-configurations can be contained in one CSI report configuration, where each sub-configuration corresponds to one spatial adaptation. N CSIs can be reported in one reporting instance at least for semi-persistent and aperiodic CSI reporting. N should be smaller or equal to sub-configuration number of L. Unfortunately, periodic CSI reporting are not supported in the last meeting. But from our understanding, only if the periodic CSI reporting of the power saving mode is supported, the power saving at gNB side can take real effect. Without periodic CSI reporting, semi-persistent and aperiodic CSI reporting can only induce additional signalling overhead. Without periodic CSI reporting, gNB cannot schedule the transmission with less transmission power when it needed. 

Proposal 10:
Support the periodic CSI reporting for multiple spatial adaptation patterns. 

For type 1 SD adaptation, the contents of the sub-configuration were discussed. As for type 1 SD adaptation, the partial CSI-RS ports could be used to represent one spatial adaptation pattern and the full set of the ports could be the other spatial adaptation pattern. Then the port subset indication should be supported when A1-2-revised is used. For each sub-configuration, the rank restriction would be different depending on different CSI-RS ports in SD type 1. Then if the A1-2-revised, the rank restriction should be supported. A same codebook types for PMI should be supported for the same UE. And this could also facilitate the overhead reduction of the CSI reporting. The same reporting quantity should be supported for different sub-configurations. The reportFreqConfiguration should be the same for both non-power saving mode and power saving mode as a baseline. Considering if the CSI-RS port number is not large, the subband CSI reporting may not bring additional benefits compared with wideband reporting. It can also be considered that only wideband reporting can be supported. The CSI reporting configuration for type 1 SD adaptation can be the starting point of the type 2 SD adaptation.

[bookmark: _Hlk135056626]Proposal 11:
Rank restriction could be different from different SD adaptation mode in type 1 SD. Then rank restriction can be included in the sub-configuration.

Proposal 12:
The supported codebook types for PMI should be the same across the CSI report sub-config. Then the supported codebook types for PMI should not be included in the CSI report sub-configuration.

Proposal 13:
The report quantity should be the same across all the CSI report sub-config. Then the report quantity should not be included in the sub-config. 

Proposal 14:
The reportFreqConfiguration should be at least the same across the sub-config and not included in the sub-config. 

Proposal 15:
Considered limited number of CSI-RS ports in the SD type 1 in power saving mode, it can only support wideband mode for the reportFreqConfiguration.

Proposal 16:
The CSI reporting configuration for type 1 SD adaptation can be the starting point of the type 2 SD adaptation.

	
Agreement
For Semi-persistent/Aperiodic CSI reporting with , 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.




Since the current activation of the semi-persistent, aperiodic CSI reporting is based on CSI-ReportConfigId, a further indication of the sub-configurations within the CSI report configuration is needed. The combination of the sub-configuration could be configured in the RRC and indicated in the activation signalling.

[bookmark: _Hlk135056633]Proposal 17:
The combination of the sub-configuration could be configured in the RRC and indicated in the activation signalling.

	
Agreement
For CSI feedback with CSI overhead/report payload reduction, further study whether/how to report a common value and/or a differential and/or joint coded value across same CSI quantity of different sub-configurations/adaptation patterns, at least for the following
· CRI
· RI
· PMI
· CQI
· FFS: L1-RSRP
· Other (new) report quantity, if any
Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation spatial patterns to reduce the burden at the UE.




If the same sets or the same CSI-RS resources can be reused between different SD adaptation, the CRI could be reused between different sub-configurations. And the following RI, CQI can be reported in a differential method between the multiple sub-configurations. For the PMI, it should be further studied, if the same CSI-RS resource are used, whether a same PMI can be reused for different SD adaptation. If different CSI-RS resources are used for different SD adaptation, the CRI cannot be reused in the reporting across different sub-configuration. And it should be further discussed, if different CRI is reported, whether the RI, PMI, CQI should be reported jointly for different sub-configuration. If different CSI-RS resources are configured for different sub-configurations, the connection or the corelation between the CSI-RS resources should be clarified. The correlation between the CSI-RS resources can be justified, a further overhead reduction of the RI, PMI, CQI can be discussed. 

[bookmark: _Hlk135056641]Proposal 18:
It should be discussed whether a same or different CRI or CSI-RS resources would be used for different sub-configurations.

Proposal 19:
If the same CRI can be reused for different sub-configuration, a differential RI, CQI can be supported for overhead reduction. 

Proposal 20:
If the different CRI or CSI-RS resources of different sub-configuration are supported, the correlation or the connection between different CSI-RS resources should be discussed to support the overhead reduction. 
[bookmark: _Hlk131534697]
2.5 Other enhancements
2.5.1 Enhancements on CSI-RS related measurement 
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.
· Firstly, the CSI-RS measurement and L3 related measurements may be affected. As shown in Fig. 1, when timeRestrictionForChannelMeasurements for CSI-RS measurement is set to "notConfigured", UE derives the channel measurements for computing CSI value reported in uplink slot n based on multiple CSI-RS resources no later than the CSI reference resource. If gNB turns off some spatial elements at slot n0, it may lead to the CSI-RS transmission power backoff after slot n0. If UE does not know the power changing of CSI-RS resource before and after slot n0, UE still derives the CSI value by averaging the CSI-RS measurements before and after slot n0, the CSI value may be not corrected. On one hand, the timing of spatial elements on/off, or the timing restriction of measurements can be configured to UE to indicate that the CSI-RS transmitted before TxRUs on/off cannot be used for measurements. However, this may result in less CSI-RS for measurements, or if the timing of spatial elements on/off is later than CSI reference resource, none of CSI-RS can be used for measurements. On the other hand, some enhancements can be studied to enable UE to jointly measure the CSI-RS transmitted before and after spatial elements on/off. Similarly, the L3 related measurements, such as PL RS measurement, may also have such problem.  
[image: 图形用户界面
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Figure 5 CSI-RS measurement with timeRestrictionForChannelMeasurements set to "notConfigured"
· Secondly, 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 may also have such problem.

[bookmark: _Hlk135056650]Proposal 21: 
Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after spatial elements on/off.

Proposal 22: 
Threshold for beam failure recovery or radio link monitoring may be needed to update together with spatial elements on/off.

2.5.2 Enhancements on uplink power control

For the spatial element adaption, whether the CSI-RS used for pathloss estimation is impacted by the adaption needs to be discussed. The reason is when part of downlink spatial elements are turned off, the transmitted power of PathlossReferenceRS may also be reduced. If spatial adaption can be applied to pathloss CSI-RS transmission, enhancements will also be needed for the PathlossReferenceRS configuration. Otherwise, it will cause some problems for uplink power control.

For example, to realize energy saving, gNB mutes part of spatial elements for downlink transmission, but still use all of the spatial elements for uplink reception. Since UE estimates the pathloss based on PathlossReferenceRS, which is a CSI-RS in this example, when part of downlink spatial elements are turned off, the transmitted power of PathlossReferenceRS may also be reduced. If the powerControlOffsetSS is not updated accordingly and informed to UE, and UE still use the semi-static RRC configured power to calculate the pathloss, i.e. pathloss = referenceSignalPower - higher layer filtered RSRP, the pathloss estimation will be higher than actual pathloss. When UE control the uplink PUSCH, PUCCH and SRS transmission power based on the calculated pathloss, while gNB still uses all the spatial elements for uplink reception, the uplink power of such channels will be higher than the actual needed power. To solve this problem, uplink power control enhancement is needed to get a correct uplink transmission power for separate uplink and downlink spatial adaption case.

So whether spatial element adaption can be applied to pathloss CSI-RS needs to be discussed, if the answer is yes, enhancement is also needed.

Proposal 23: 
Whether spatial element adaption can be applied to pathloss CSI-RS needs to be discussed.

Proposal 24: 
If spatial element adaption can be applied to pathloss CSI-RS, enhancement for PathlossReferenceRS configuration is needed.

3. Network energy saving techniques in power domain 
In the last meeting, a few agreements have been achieved for the power domain enhancements. 
	
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




3.1 Dynamic indication of power offset between PDSCH and CSI-RS

As specified in TS 38.214, the power offset between PDSCH EPRE and CSI-RS EPRE is given by parameter powerControlOffset provided by higher layers. UE receives the CSI-RS and calculates CSI based on the configured ratio. When gNB dynamically reduces the transmission power of PDSCH, the value of powerControlOffset can be also updated accordingly, to obtain more accurate CSI reporting for gNB to determine compatible RI, MCS and precoder. Multiple values could be configured for different power saving mode or scenarios. 

In the last meeting, it was agreed that for CSI(s) reporting, more than one power offset values for PDSCH relative to CSI-RS should be supported.
	
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.




According to the agreements, at least for CSI(s) reporting, the power offset for PUSCH relative to CSI-RS is supported. And for the configuration of the power set values, it was agreed in A1-2 that, one or more resources can be configured in a resource set within one resource setting and each resource can be associated with one or more power offset values. Considered if multiple power offset is configured, it is not always needed for UE to report all the CSI(s) in different power offset assumptions. Additional indication of the power offset could improve the efficiency of CSI reporting and reduce the CPU occupations.

Both MAC CE and DCI can be considered for the indication of the power offset values. MAC CE based indication or activation could be used to update the power offset assumptions which will be used for the following transmission and the CSI reporting. And DCI based indication has the most flexibilities and could also be used for the aperiodic CSI reporting. 

It could also be considered that the dynamic indication of the power offset in the DCI to facilitate the PDSCH demodulation of the UE. In the legacy UEs, the power offset between PDSCH and CSI-RS is configured by RRC and cannot be changed. UE can monitor the link quality through the RSRP measurement of CSI-RS. Due to the power offset between the PDSCH and CSI-RS is relatively fixed, UE would have an expectation of the received power of PDSCH. But if the multiple power offset between PDSCH and CSI-RS is introduced, UE will not have any expectation and prepare for the reception of the PDSCH, since the power offset between PDSCH and CSI-RS could be changed in the next transmission. Additional indication of the power offset could facilitate the demodulation at the UE side.  

Observation 1:
The dynamic indication or the activation of the power offset values between PDSCH and CSI-RS can reduce the reporting overhead and also benefits to the demodulation.

[bookmark: _Hlk131534712]Proposal 25: 
A subset of the power offset values, at least for the CSI reporting, should be indicated and/or activated.

Proposal 26: 
Dynamic indication the value of powerControlOffset can be applied for the adaptation of PDSCH transmission power.

For the configuration of CSI-RS for the power domain adaptation, A1-1 is also proposed but still in FFS. It should be further clarified the difference between the two alternatives A1-1 and A1-2. 

Proposal 27:
Compared with A1-2, the difference of A1-1 should be further clarified. 

For the configuration of the power offset, as it was agreed that each resource can be associated with one or more power offset values, the multiple power offset values can be configured within the NZP-CSI-RS-Resource configuration. And the same rules as legacy that, all the power offset values should be same across all the CSI-RS resources. 

Proposal 28:
The multiple power offset values can be configured within the NZP-CSI-RS-Resource configurations. 

Proposal 29:
The power offset values should be the same across all the CSI-RS resources. 

Since a multiple power offset value assumptions is supported at least for CSI reporting, the complexity for the CSI process could also be increased. It should be further discussed that whether additional CPU would be occupied or the longer process time would be induced. Since it is the process over the same CSI-RS resources, one additional power offset assumption cannot double the CPU occupations, but may prolong the process time or occupy more CPU resources between 1-fold and 2 folds. 

Proposal 30:
How much additional resources would be occupied when the additional power offsets are assumed should be discussed. 

3.2 Enhancements on CSI reporting

Similarly, as the CSI reporting enhancement for spatial domain, potential feedback from UE to provide assistance information for adjustment of transmission power can be considered for network energy saving, which ensures the performance of UE while achieving network energy saving gain. One approach is that different CSI reporting can be configured to UE with different transmission power assumptions, however, the number of CSI-reportConfig including P/SP/A-CSI reportconfig per BWP is 4, if coupling of CSI reporting and transmission power related parameters for network energy saving, the flexibility of CSI reporting configuration will be restricted. Another approach is that UE reports multiple CSIs with different transmission power assumptions in one CSI reporting. One CSI report can contains multiple CSIs under different transmit power assumptions. The common part of multiple CSIs could be concise and indicated in one field for all the CSI reports. The delta parts could be present with additional indication of which assumption is used. In this case, multiple CSI-RS resources can be configured with different transmission power assumptions, and CSI reporting enhancement can be used for UE to feedback one or multiple CQI, LI-RSRP, L1-SINR, or PHR like value to indicate the power headroom for gNB to adjust DL transmission power.

[bookmark: _Hlk131534730]Proposal 31: 
CSI reporting enhancement can be considered for gNB to adjust DL transmission power.

Proposal 32:
Multiple CSI reports within one CSI reporting should be supported at least for the power domain enhancements.

[bookmark: _Hlk126740466]3.3 Joint adaptation of spatial domain and power domain configurations

In addition to the above discussion of spatial domain and power domain enhancement, joint adaptation of spatial domain and power domain configurations to avoid coverage loss can be also considered. If some of the spatial elements are turned off, 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 reduction of gNB maximum output power. Therefore, in order to keep the coverage, gNB may adjust the power configuration to achieve an acceptable power spectrum density level. Then, joint adaptation of spatial and power domain configurations is beneficial and flexible for network energy saving. It is possible to have separate indication of spatial and power configurations. However, from the cell level, the adaptation of spatial domain and power domain will affect all UEs in the cell, then, separate indication may increase the indication overhead and cause PDCCH/PDSCH congestion. Besides, separate indication may result in different activation time of spatial domain and power domain, and cause performance degradation for a period of time. Therefore, joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss.

[bookmark: _Hlk131534741]Proposal 33: 
Joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss.

4. 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:

Observation 1:
The dynamic indication or the activation of the power offset values between PDSCH and CSI-RS can reduce the reporting overhead and also benefits to the demodulation.

Proposal 1: 
The following 3 cases should be considered for the DL transmission in the NES.
· Case 1: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with multiple SD adaptation patterns are transmitted. 
· Case 2: When DL channels are transmitted in one SD adaptation pattern, CSI-RS resources with the same SD adaptation patterns are transmitted. Multiple CSI-RS configurations with different SD adaptation patterns can be configured. According to the indication of SD adaptation pattern changing, the updated SD adaptation pattern would be applied to both CSI-RS resources and DL channels.
· Case 3: One CSI-RS resources corresponding to multiple SD adaptation patterns. gNB can determine the specific SD adaptation pattern for the DL transmission based on the measurement of the CSI-RS resources. 

Proposal 2: 
CSI-RS resource overhead reduction should be considered, when CSI-RS resources corresponding to multiple spatial adaption patterns (A1-1-revised) are adopted. 

Proposal 3: 
To resolve the overhead issue of CSI-RS resource transmission, the following two methods can be considered. 
· Method 1: Introducing multiple periodicities for each CSI-RS resource. The CSI-RS resources can be transmitted with different periodicity according to the activated SD adaptation pattern. 
· Method 2: one CSI-RS transmission can have different transmission behavior depending on different activated spatial domain patterns.

Proposal 4:
The TCI states would be updated due to the change of SD adaptation patterns of the CSI-RS resources. 

Proposal 5: 
The enhancements for the spatial relation information of PUCCH and associated CSI-RS of SRS should be configured especially under different SD adaptation patterns. 

Proposal 6:
An indication of SD adaptation pattern should be supported.

Proposal 7: 
Dynamic SD adaptation pattern switching for CSI-RS should be supported for semi-persistent and periodic CSI-RS.

Proposal 8:
Support both A1-1-revised and A1-2-revised.

Proposal 9:
At least, A1-2-revised should be supported for spatial adaptation Type 1 and A1-1-revised should be supported for spatial adaptation Type 2. 

Proposal 10:
Support the periodic CSI reporting for multiple spatial adaptation patterns. 

Proposal 11:
Rank restriction could be different from different SD adaptation mode in type 1 SD. Then rank restriction can be included in the sub-configuration.

Proposal 12:
The supported codebook types for PMI should be the same across the CSI report sub-config. Then the supported codebook types for PMI should not be included in the CSI report sub-configuration.

Proposal 13:
The report quantity should be the same across all the CSI report sub-config. Then the report quantity should not be included in the sub-config. 

Proposal 14:
The reportFreqConfiguration should be at least the same across the sub-config and not included in the sub-config. 

Proposal 15:
Considered limited number of CSI-RS ports in the SD type 1 in power saving mode, it can only support wideband mode for the reportFreqConfiguration.

Proposal 16:
The CSI reporting configuration for type 1 SD adaptation can be the starting point of the type 2 SD adaptation.

Proposal 17:
The combination of the sub-configuration could be configured in the RRC and indicated in the activation signalling.

Proposal 18:
It should be discussed whether a same or different CRI or CSI-RS resources would be used for different sub-configurations.

Proposal 19:
If the same CRI can be reused for different sub-configuration, a differential RI, CQI can be supported for overhead reduction. 

Proposal 20:
If the different CRI or CSI-RS resources of different sub-configuration are supported, the correlation or the connection between different CSI-RS resources should be discussed to support the overhead reduction. 

Proposal 21: 
Enhancements can be studied to enable UE to jointly measure CSI-RS or PL RS transmitted before and after spatial elements on/off.

Proposal 22: 
Threshold for beam failure recovery or radio link monitoring may be needed to update together with spatial elements on/off.

Proposal 23: 
Whether spatial element adaption can be applied to pathloss CSI-RS needs to be discussed.

Proposal 24: 
If spatial element adaption can be applied to pathloss CSI-RS, enhancement for PathlossReferenceRS configuration is needed.

Proposal 25: 
A subset of the power offset values, at least for the CSI reporting, should be indicated and/or activated.

Proposal 26: 
Dynamic indication the value of powerControlOffset can be applied for the adaptation of PDSCH transmission power.

Proposal 27:
Compared with A1-2, the difference of A1-1 should be further clarified. 

Proposal 28:
The multiple power offset values can be configured within the NZP-CSI-RS-Resource configurations. 

Proposal 29:
The power offset values should be the same across all the CSI-RS resources. 

Proposal 30:
How much additional resources would be occupied when the additional power offsets are assumed should be discussed. 

Proposal 31: 
CSI reporting enhancement can be considered for gNB to adjust DL transmission power.

Proposal 32:
Multiple CSI reports within one CSI reporting should be supported at least for the power domain enhancements.

Proposal 33: 
Joint adaptation of spatial domain and power domain configurations can be considered to avoid coverage loss.
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6. 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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