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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
In the RAN1 #112 meeting [2], the following agreement has been reached.
	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



Both the two types of spatial domain adaptations should be considered in the NES WI. 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. 
2.1 Enhancement on mechanism for spatial domain adaptations
Two options for the mechanism of spatial/power domain adaptations have been proposed in the last meeting.
· Option 1: Adaptation first then measurement: after the gNB deciding to make the adaptation, gNB transmitting the CSI-RS and waiting for the UE to report, then gNB makes the adaptation after receiving the measurement results.
· Option 2: Measure first then adaptation: the UE reports the CSI measurement dynamically, on receiving the CSI report, the gNB will make the adaptation according to the network condition at once.
For the option 1, there will be a scheduling delay for the gNB to wait for the UE’s CSI report. While for the second option, the gNB can efficiently adapt the spatial elements/power and bring the larger energy saving gain. From above aspects, we prefer to adapt the option 2 mechanism so that the spatial/power adaptation can be more efficient. 
Proposal 1:
[bookmark: _Hlk131453482]Support the mechanism of UE dynamically measuring the CSI first then gNB making the decision for the spatial/power domain adaptation.
The adaptation for spatial and power domain have the similar impact and mechanism. We will only discussion the adaptation in spatial domain in this section, and the corresponding enhancement on power adaptation can be just follow the principle of that for spatial domain. For the second option, before UE measuring and reporting the CSI, the CSI configurations should be known by the UE first, so that the UE can measure and report multiple CSI-RS patterns at one time. For achieving this target, some CSI patterns should be pre-defined first and then configured to UE first, via the RRC configuration or the MAC CE. 
Proposal 2:
The spatial patterns of CSI-RS should be defined and configured for UE in advance to achieve the spatial domain adaptation mechanism. 
With such mechanism, the spatial domain adaptation can be achieved efficiently, the corresponding enhancement on the CSI resource configuration should also be made so that the balance between the performance and cost can be achieved. However, no matter specific patterns are defined to support the spatial adaptation, which will be discussed later, the number of switched off spatial configuration should be confined to several certain numbers and types, so that it won’t be too complex for the UE to achieve the CSI measure and report.
Proposal 3:
[bookmark: _Hlk131755422]The number of switched off spatial elements should be specified and restricted to several certain numbers.
After the network switch off the spatial elements, the CSI-RS configuration must be changed since the mapping relation will be different. In such condition, new CSI should be reported to network as soon as possible for better making the decision such as scheduling and resources allocation if necessary. Therefore, it is necessary for network to send an indication to UE. And since it is the UE help measure the CSI first, which means the possible CSI-RS configuration has been known for UE by advance, network only needs to send the indication to UE trigger the corresponding CSI measurement and report. 
Proposal 4:
[bookmark: _Hlk126161899]The indication should be transmitted to UE to trigger the corresponding CSI measurement and reporting when the spatial adaptation happens. 
· The new measurement is not for gNB to make the decision of adaptation but just to secure the network performance.
2.2 Enhancement on the CSI resource configuration
The following agreement has been reached on in the RAN1 #112 meeting.
	Agreement
For spatial element adaptation, further study the following
· A1-1) Each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern
· FFS: Details on how the association is done
· A1-2) Each CSI-RS resource/resource set/resource setting can be associated with one or more spatial adaptation patterns
· FFS: Details on how the association is done
· FFS: Details on the definition of “spatial adaptation patterns”


As have mentioned above, 2 types of CSI implements should be considered in the NES WI. For the type 1 implement, if the spatial elements were disabled/enabled, the number of ports will be changed, so does the CSI-RS would be different. The A1-2) obviously can’t be used for such case if each CSI-RS resource since the number of logical port has been changed so does the CSI-RS port. Therefore, the A1-1) should be supported at least for supporting the type 1 implementation. 
Proposal 5:
[bookmark: _Hlk131453658]Support to adopt A1-1) for the association between CSI-RS resource and spatial adaptation pattern, i.e., each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern.
However, compared to A1-1), the A1-2) can reduce the time-frequency resource occupied by the CSI-RS and be adopted for the type 2 implement, which is pretty common in reality network. From the aspect of reducing the resource consumption and the complexity, the A1-2) should also be supported. The question is how can A1-2) be achieved with the current or enhanced CSI-RS patterns. The first option is to use the subset of the existing CSI-RS resource for measuring the subset of the current TXRUs; the second option is to introduce the new CSI-RS patterns especially designed for NES. The second option may have the better performance, but the design of CSI-RS needs a lot of work to do, which may not be finished in the limited time and kind of out of scope. Even the first option is adopted, the principle for reusing the subset should also be specified. We are fine to support the A1-2) but the design on the spatial patterns should be as simple as possible and cause least specs impact so that it can be finished in the limited.
Observation 1:
[bookmark: OLE_LINK1]The A 1-2) can also be supported for the association between CSI-RS resource and spatial adaptation pattern, i.e., each CSI-RS resource/resource set/resource setting can be associated with multiple spatial adaptation pattern, but the design on the spatial adaptation pattern may need too much work. 
Though have different intentions, the two alternatives may have the same RRC configuration mechanism according to how the associated is done. For example, the A 1-1) is supported and the CSI-RS resource is associated to one spatial adaptation pattern, then the CSI-RS resource set is associated to multiple adaptation patterns, which is actually the A1-2). From this prospective, we think one CSI-RS resource is better associated with one adaptation patterns, and with the current CSI-RS configuration parameters and mechanism, the CSI-RS resource set can be associated with multiple spatial adaptation patterns. 

[bookmark: _GoBack]Proposal 6:
Support to associate one CSI-RS resource with one spatial adaptation pattern for the CSI resource configuration.
2.3 Enhancement on the CSI report
The following agreements have been reached in the last meeting:
	Agreement
For spatial element adaptation, further study the following
· A2-1) Independent/separate CSI report configurations where each CSI report configuration corresponds to one spatial adaptation pattern
· A2-2) One CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern
· FFS: Details of sub-configuration




With multiple CSI-RS measurement on the spatial adaptation and reported to gNB, the complexity of UE reporting is increased a lot. With the A2-2) adopted, the UE reporting complexity can be reduced. But if simply contain multiple measurements in one report, the report complexity won’t be reduced. Mechanism should be enhanced so that the UE can chose to only measure the useful CSI-RS and report the measurement. The details on how the sub-configuration should be further discussed. 
Proposal 7:
Support to adopt A2-2) for CSI report, i.e., one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern, so that the calculation and report complexity of UE can be reduced.
3. [bookmark: _Hlk118386501]Considerations on power domain techniques
For the power domain adaptation, the enhance on the CSI-RS configuration and report is actually similar. In the last meeting, the following agreements have been reached.
	Agreement
For adaptation of power offset values between PDSCH and CSI-RS, further study the following
· Where/how to configure multiple power offset values
· Whether/how one or more power offset values are dynamically indicated to UE for CSI measurement/reporting, and PDSCH reception
· Overhead reduction for CSI reports associated with multiple power offset values between PDSCH and CSI-RS
· Whether other UE report content can be included

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



Different from the CSI-RS for spatial adaptation, the indication of adaptation on power offset values may not be needed. Without knowing the transmission power, the UE can also receive the signals/channels and decode the data in the current specs. 
Proposal 8:
[bookmark: _Hlk131454752]Not support to indicate the power offset values to UE for CSI measurement/reporting. 
Similar as the enhancement of reporting for spatial adaptation, one CSI report contains multiple CSIs corresponding to different power control offset should be supported. And the mechanism on how to reduce the reporting complexity should also be studied.
Proposal 9:  
[bookmark: _Hlk131454770]Support one CSI report contains multiple CSIs corresponding to different power control offsets.
· [bookmark: _Hlk126164765]FFS: mechanism to reduce the reporting complexity.
4. Conclusion
In this paper, our views on the issues for network energy saving techniques are given.
Proposal 1:  
Support the mechanism of UE dynamically measuring the CSI first then gNB making the decision for the spatial/power domain adaptation.
Proposal 2:  
The spatial patterns of CSI-RS should be defined and configured for UE in advance to achieve the spatial domain adaptation mechanism.  
Proposal 3: 
The number of switched off spatial elements should be specified and restricted to several certain numbers.
Proposal 4: 
The indication should be transmitted to UE to trigger the corresponding CSI measurement and reporting when the spatial adaptation happens. 
· The new measurement is not for gNB to make the decision of adaptation but just to secure the network performance. 
Proposal 5: 
Support to adopt A1-1) for the association between CSI-RS resource and spatial adaptation pattern, i.e., each CSI-RS resource/resource set/resource setting can be associated with only one spatial adaptation pattern.
Observation 1:
The A 1-2) can also be support for the association between CSI-RS resource and spatial adaptation pattern, i.e., each CSI-RS resource/resource set/resource setting can be associated with multiple spatial adaptation pattern, but the design on the spatial adaptation pattern may need too much work. 
Proposal 6: 
Support to associate one CSI-RS resource with one spatial adaptation pattern for the CSI resource configuration. 
Proposal 7:
Support to adopt A2-2) for CSI report, i.e., one CSI report configuration contains multiple CSI report sub-configurations where each sub-configuration corresponds to one spatial adaptation pattern, so that the calculation and report complexity of UE can be reduced..
Proposal 8:
Not support to indicate the power offset values to UE for CSI measurement/reporting.
Proposal 9:
Support one CSI report contains multiple CSIs corresponding to different power control offsets.
· FFS: mechanism to reduce the reporting complexity.
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