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1. Introduction
The new Rel-18 WI of network energy saving NR was approved in RAN#98e [1], and the following objectives are included..
	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



The flexible and efficient switch on-off of spatial elements and adjustment of power offset has been discussed in the NES SI, and the major specs impact will be about the CSI enhancement and the related measurement and report procedure. In this contribution, we focus on the network energy saving techniques of spatial and power  and provide some observations and considerations.
2. Considerations on spatial domain techniques
2.1 Enhancement on CSI resource configuration
In the RAN1#112, two types of spatial domain adaptation were given[2] and the agreement to focus on both types were reached in last meeting[3].
	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



However, for the different types of adaptation, the details on the CSI resource configuration and report can be different. There are still issues to be further discussed. For the CSI resource configuration methods, the following agreement and working assumption were reached[3].
	Agreement
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.

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

Conclusion
New CSI-RS resource (RE mapping) pattern is not introduced for R18 network energy savings purpose.
· Note: CSI-RS resource (RE mapping) pattern above refers to a row in TS 38.211 Table 7.4.1.5.3-1 determining CSI-RS locations within a slot.


2.1.1 The application Type of SD adaptation 
The mainly different of revised A1-1 and A1-2 is that whether the single CSI-RS resource can be adopted to multiple spatial adaptation patterns. For the revised A1-1, a single CSI-RS resource configuration can’t be adopted for multiple spatial adaptation patterns, there is actually no extra spec impact from the prospective of CSI-RS configuration since the current already support up to 8 CSI-RS resource configuration[5 38.331] in a resource set, which can be a baseline for both SD adaptation Type1 and Type2 to ensure the spatial pattern switching.
Observation 1: There is no spec impact for A1-1 from the prospective of CSI-RS resource configuration.
Proposal 1: Support A1-1 revised, i.e., a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern, to be applied for both Type of SD adaptation. 
While for the A1-2-revised (A1-2), it is obviously that by supporting one resource configuration corresponding to multiple spatial adaptation patterns, the overheads and complexity can be reduced. However, the A1-2 can’t be applied to the SD adaptation Type 2 directly. Since for the Type 2 SD adaptation, the CSI-RS port number doesn’t change, but the association with antenna elements has been changed, which means the precoding matrix and beam forming will also change. 
Proposal 2: Support A1-2-revised at least be applied to the SD adaptation Type 1.
Observation 2: Mechanism for adapting the precoding and beamforming at the same time should be studied for supporting the A1-2-revised applied to the SD adaptation Type 2.
2.1.2 CSI-RS resource mapping pattern for SD adaptation 
The conclusion has been reached in last meeting that no new patterns will be introduced, but if A1-2 is supported even only for SD Type1, there should be new mechanism on how to configure multiple spatial patterns with one CSI-RS configuration. The simplest method is to introduce new RRC parameters to  Many companies have proposed the “nested”[4] structure for achieve the sub-configuration of multiple spatial patterns within one CSI-RS resource. It can be a good point to adopting such structure, the patterns indicated with one configuration can be subsets of a pattern with maximum number of supporting ports. For the existing CSI-RS locations defined in 38.211 Table 7.4.1.5.3-1, the rows with same cdm-Type and Density but different ports can be used for the sub-configuration, where the rows with less ports can be seen as a sub-configuration of the rows with more ports. 
Observation 3: the current CSI-RS mapping pattern with same “Density” and “cdm-Type” can be used for realizing the “nested” structure that can associate one CSI-RS configuration with multiple pattern.
As mentioned above, the A1-2 can only applied to SD adaptation Type1 at the current stage, which means when the antenna elements are shut down, the corresponding CSI-RS are disabled at the same time. Thus, the sub-configuration for different patterns with different number of CSI-RS port is actually not unnecessary, as long as the corresponding antenna elements are disabled, the CSI measurement conducted by the UE can be regarded as the measurement of the sub-configuration. The only configuration is to indicate UE the number of CSI-RS which are actually used.
Observation 4: For A1-2 applied for SD adaptation Type 1, there can be also no spec impact on CSI-RS configuration if the “nested” structure is adopted, but the CSI report configuration should be enhanced. 
2.2 Enhancement on CSI reporting
For the enhancement on CSI reporting, the following agreements have been reached in last meeting.
	Agreement
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 
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
· [bookmark: _Hlk134689569]Further study whether/how it is feasible/possible for the UE to skip the evaluations of some sub-configurations/adaptation patterns to reduce the burden at the UE


For the CSI reporting with L sub-configurations, the reported CSI number N can be smaller than L, the UE complexity and overhead reduction should be considered since the L can be likely larger than 1. 	
2.2.1 The UE complexity reduction for CSI reporting 
The reduction can be considered from two aspects. The first is to reduce the number of CSI measurement N, the second is to reduce the measurement in the report. 
For reducing the number of CSI measurement, the key issue is how to select the CSI-RS to be measured and then configuring the UE report. For the A1-1, each CSI-RS configuration is associated with a CSI-RS pattern, the CSI-RS configurations are independent, and thus both SD adaptation Type 1 and Type2 can be applied as analyzed above. The selection on the N CSI-RS can be done by either gNB or UE. If the selection is done by UE, the mechanism on how the UE indicate gNB the selected CSI-RS should be introduced; besides, the UE won’t know the network condition of the whole network, which means it may miss the best CSI-RS configuration for the entire network. If the selection is done by gNB, the A1-1 mechanism provides the flexibility for gNB to select any CSI-RS configuration with best network performance, so CSI-ReportConfig IE should contain the CSI-ResourceConfigId of all the selected CSI-RS configuration. To configure the multiple CSI report in one configuration, the resourcesForChannelMeasurement and nzp-CSI-RS-ResourcesForInterference can be modified as a list so that all the CSI-ResourceConfigId can be included. 
[bookmark: _Hlk134710072]Proposal 3: The selection on the sub-configuration of CSI-RS to be reported should be done by gNB. 
[bookmark: _Hlk134710088]Observation 5: For A1-1, the selected CSI-RS configuration ID should be contained in the CSI report configuration if the selection is done by gNB.
While for A1-2, which can only be applied for the SD adaptation Type 1 directly, the selected multiple CSI-RS configurations always have different number of CSI ports, and the CSI-RS patterns is always to be the subset of the CSI-RS pattern with more ports if the nested structure is adopted. In such condition, gNB only need to select the potential number of CSI-RS ports and indicate UE. 
Observation 6: For A1-2 with nested structure, gNB only need to indicate UE the number of selected CSI-RS ports.
Based on the above analysis, for A1-2, the nested structure not only doesn’t introduce any new patterns for realizing SD adaptation Type 1, but also introduce the least modification for RRC configuration. Therefore, the nested structure of CSI-RS can be considered for the CSI-RS configuration of A1-2.
Proposal 4: Support to adopt the nested structure CSI-RS patterns for CSI-RS configuration for A1-2.
For further reducing the UE burden for CSI-RS measurement and reporting, UE may have the ability to skip the evaluations of some sub-configurations/adaptation patterns. This can be reasonable since the sub-configurations can be have high correlations or nearly QCL in some condition. In such case, the UE may only need to measure or report some of the adaptation patterns. Since the CSI-RS configuration is done according to gNB’s request, UE shouldn’t omit any of the required CSI report, at least a reference results should be reported to gNB, so that the gNB can make a better decision with all the received CSI report from all the UE in a network about all the possible antenna ports pattern. But the measurement of CSI-RS can be skipped for reduce the UE complexity, the selection can be made according to the correlation of the adaptation patterns, the detailed methods should be further discussed. 
Proposal 5: Support UE to skip the measurement of some adaptation patterns according to the correlation of adaptation patterns.
· FFS: the detailed selection mechanism. 
[bookmark: _Hlk134710176]Observation 7: UE shouldn’t skip any of the CSI report of sub-configurations/adaptation pattern, but the payload of the report of adaptation patterns which are not best can be simplified. 
2.2.2 The overhead/payload reduction for CSI reporting 
To reduce the overhead/payload of the CSI report, the correlation can be used. Since the report of measurement results, e.g. CRI, RI, PMI, CQI is required by gNB, even if the UE doesn’t conduct the measurement. For the adaptation patterns with high correlation, the shared values can be used for reducing the overhead. 
Proposal 6: Shared-value in the CSI report should be considered for reducing the overhead/payload of CSI reporting. 
While the shared value for different type of SD adaptation can be different. For example, for SD adaptation Type 2, the PMI of the sub-configuration must be different since the antenna ports mapping to a CSI-RS ports has been changed, while the value can be the same for Type 1; and part of the CQI can be the same for SD adaptation Type 1 since the same antenna ports and corresponding CSI-RS ports are used, while it can be quite different for Type 2. 
Observation 8: The values that can be shared for different SD adaptation can be different. 
2.2.3 The enhancement on different CSI reporting type 
For the periodic CSI reporting, it is no need to support the N<L case since the selection of N CSI-RS reports and the configuration of L CSI-RS sub-configuration can be configured by RRC at the same time, network can configure the L=N sub-configuration. Therefore, the N=L case should be supported for the multi-CSI (L>1) reporting.
[bookmark: _Hlk134710257]Proposal 7: At least support the case N=L for the periodic CSI reporting for multi-CSI case (L>1).
For the SP/A CSI report, it has been agreed that the N can be smaller than L. Mechanism is needed for indicate/trigger/activate of the N CSI in a reporting instance. Since the sub-configurations of the CSI-RS have been known by UE, to indicate/trigger the CSI report, besides the current trigger in DCI/MAC CE, gNB only need to inform UE the configuration ID for required CSI-RS. There are two methods to achieve the mechanism. The first is when configure the CSI-RS spatial patterns, the patterns can be listed with a certain order, e.g., descending order of the number of active ports, then gNB only need to indicate the value of N to UE to trigger the measurement and report of the first N CSI-RS. The second method is to inform UE the ID of requested CSI-RS, and no need to indicate the value of N. The first method can trigger the report with less bits, while the second provides the flexibility so that any combinations of the spatial patterns can be selected. Since gNB can have a foresight of the potential spatial patterns, the first methods since the mechanism can be easier and no more parameters are needed besides N. 
Observation 9: Only the value of N is needed to trigger the N CSI report with DCI/MAC CE if the spatial patterns can be configuration in a certain order. 
3. [bookmark: _Hlk118386501]Considerations on power domain techniques
In the last meeting, the following agreements on the power domain adaptation for NES have been reached.
	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.

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
· 


Since there is no type 1 and type 2 like SD adaptation for PD adaptation, thus A1-2-power can always be workful in the PD adaptation and has been supported. For the A1-1-power, it has the same results as A1-2-power, but with more overhead for configuring the power offset value. So it is unnecessary to support the A1-1-power for PD adaptation configuration. The detailed can be refer to that of adaptation pattern of CSI-RS in SD adaptation. What’s more, since both SD and PD adaptation will be supported, whether/how configuration of the adaptation from two domains at the same time should be studied. For example, if L CSI-RS configurations corresponding to L CSI-RS patterns are configured in a CSI-RS set, should the M power offsets configured for all the configurations in the set the same or different for different configurations separately?
[bookmark: _Hlk134710319]Proposal 8: The A1-1-power shouldn’t be supported for the power domain adaptation.
Observation 10: The configuration of different power offset can adopt the similar mechanism as SD adaptation patterns, how to combine the configuration of the two domains at same time need further studied. 
4. Conclusion
In this paper, our views on the issues for network energy saving techniques are given.
Observation 1：
There is no spec impact for A1-1 from the prospective of CSI-RS resource configuration
Proposal 1:  
Support A1-1 revised, i.e., a resource set with multiple resources is configured within a resource setting, where each resource is associated with only one spatial adaptation pattern, to be applied for both Type of SD adaptation.
Proposal 2:  
Support A1-2-revised at least be applied to the SD adaptation Type 1.
Observation 2: 
Mechanism for adapting the precoding and beamforming at the same time should be studied for supporting the A1-2-revised applied to the SD adaptation Type 2.
Observation 3: 
the current CSI-RS mapping pattern with same “Density” and “cdm-Type” can be used for realizing the “nested” structure that can associate one CSI-RS configuration with multiple pattern.
Observation 4:
For A1-2 applied for SD adaptation Type 1, there can be also no spec impact on CSI-RS configuration if the “nested” structure is adopted, but the CSI report configuration should be enhanced.
Proposal 3: 
The selection on the sub-configuration of CSI-RS to be reported should be done by gNB.
Observation 5:
For A1-1, the selected CSI-RS configuration ID should be contained in the CSI report configuration if the selection is done by gNB.
Observation 6: 
For A1-2 with nested structure, gNB only need to indicate UE the number of selected CSI-RS ports.
Proposal 4: 
Support to adopt the nested structure CSI-RS patterns for CSI-RS configuration for A1-2.
Proposal 5: 
Support UE to skip the measurement of some adaptation patterns according to the correlation of adaptation patterns.
· FFS: the detailed selection mechanism.
Observation 7:
UE shouldn’t skip any of the CSI report of sub-configurations/adaptation pattern, but the payload of the report of adaptation patterns which are not best can be simplified. 
Proposal 6: 
Shared-value in the CSI report should be considered for reducing the overhead/payload of CSI reporting.  
Observation 8:
The values that can be shared for different SD adaptation can be different.
Proposal 7:
At least support the case N=L for the periodic CSI reporting for multi-CSI case (L>1).
Observation 9:
Only the value of N is needed to trigger the N CSI report with DCI/MAC CE if the spatial patterns can be configuration in a certain order.
Proposal 8: 
The A1-1-power shouldn’t be supported for the power domain adaptation.
Observation 10: 
The configuration of different power offset can adopt the similar mechanism as SD adaptation patterns, how to combine the configuration of the two domains at same time need further studied. 
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