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Introduction
In RAN1#112 meeting [1], the following agreements were achieved for network energy savings:
	[bookmark: _Hlk131426131]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
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”

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

Agreement
For spatial domain adaptation, further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern, e.g. 
· FFS: gNB indicates to UE which CSI(s) the UE shall report 
· FFS: the UE selects which CSI(s) are reported
· FFS: multiple CSI(s) are reported in a joint CSI report 
· FFS: Overhead reduction for multiple CSI(s)
Note: UE complexity needs to be taken into account.

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
For spatial and power domain adaptation, solution(s) based on adaptation within an active BWP is considered as baseline

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.


In this contribution, we discuss the potential enhancements on spatial and power domain for network energy saving. 
Discussion
[bookmark: _Hlk127201288]Spatial domain 
	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”


In spatial domain, the number of gNB’s antenna elements (e.g. antenna ports, active transceiver chains) can be reduced for energy power saving. For instance, partial antenna elements can be turned off by gNB when the traffic is not heavy, and vice versa. If the spatial domain adaptation is achieved by type 1 as concluded in RAN1#112 meeting, i.e., disabling/enabling all antenna elements associated to a logical antenna port, the antenna ports of CSI-RS mapping to the spatial elements are muted accordingly.
To realize the variation in the number of CSI-RS antenna ports, one CSI-RS resource can be associated with one or multiple spatial adaptation patterns. Actually, if one CSI-RS resource is associated with one spatial adaptation pattern, it can be realized by current mechanism. To be specific, the UE uses the CSI-RS resource to perform measurement based on configuration. When gNB turns off part of the spatial elements following type 1, it has to configure another CSI-RS resource for measurement. Currently, the spatial pattern of one CSI-RS resource is configured by RRC signalling. However, considering that traffic load may be varied from time to time, dynamic adaption of spatial elements is preferred. Besides, if number of spatial elements is realized by different CSI-RS resources, frequent activation and deactivation for the CSI-RS resources is needed, which will increase the signalling overhead. Last but not least, different CSI-RS resources may be configured with different CSI-reportConfig. In this case, the cost of CSI-reportConfig increases. However, the maximum number of CSI-reportConfig is limited due to UE capability, e.g., maximum 4 P/SP/A- CSI-reportConfig currently.
To reduce the signalling and processing overhead for CSI measurement and reporting, and to support the dynamic adaptation of spatial elements, one CSI-RS resource can be associated with multiple adaptation patterns. When the structure of CSI-RS antenna ports changes, the associated patterns are dynamically changed accordingly, as shown in Figure 1. In this case, the signalling overhead for activation and deactivation is reduced. Besides, as only one CSI-RS resource is configured for multiple adaptation patterns, the CSI-reportConfig cost is also reduced.


[bookmark: _Ref127524938][bookmark: _Ref127524931][bookmark: _Ref127212166][bookmark: _Ref127212090]Figure 1 The dynamic spatial adaptation scheme
Proposal 1: For spatial element adaptation, support A1-2 that each CSI-RS resource can be associated with one or more spatial adaptation patterns.
[bookmark: _Hlk131509219]As mentioned above, the structure of antenna ports for one CSI-RS resource may be changed dynamically. In this case, the occupied resources for the reception of the CSI-RS resource needs further study. In current mechanism, the UE determines the reception resources based on the mapping rules between CSI-RS sequence and resources elements  , wherein p is the antenna port,  and  are the index of subcarrier and OFDM symbol, respectively.  Once the
associated parameters (e.g., number of antenna ports) are configured by RRC signalling, the mapping rules between CSI-RS sequence and resources elements   are determined [3].  However, when the antenna structure is dynamically changed, the muting antenna ports are transparent to UE. The UE cannot determine the resources for CSI-RS reception.
Observation 1: The dynamic adaptation of antenna structure results in the adaptation of resources for CSI-RS reception, which may cause the misalignment for the reception.  
Based on the aforementioned observations, there could be different solutions for the enhancement of the CSI-RS reception:
· Option 1: Reuse the original mapping rules for one CSI-RS resource and determine the actual reception resources by the indication of the antenna ports muting patterns. The original mapping can be determined by legacy mechanism. To be specific, the UE can determine the mapping rules between resources elements   and CSI-RS antenna port p based on the configuration of density, nrofPorts, cdm-Type, frequencyDomainAllocation, firstOFDMSymbolinTimeDomain, etc., as shown in Figure 2(a). In this case, once the UE determines the occupied antennas ports (e.g., port p) for CSI-RS transmission, the corresponding  for CSI-RS reception is determined. The occupied antennas ports can be determined by signaling indication. For instance, with the RRC configuration (density=one, nrofPorts=p8, etc.), the UE determines the mapping resource elements   for antenna p in Figure 2(a). If the signaling indicates the occupied antenna ports are p3000~p3003 (i.e., p3004~p3007 muted), the UE determines the resource mapping for CSI-RS reception in Figure 2(b).
· Option 2: Configure multiple mapping configurations and indicate one configuration dynamically. To be specific, one CSI-RS resource can be configured with multiple combinations of parameters, for instance, multiple combinations of nrofPorts, density, cdm-Type, etc. The UE determines the occupied resource elements for CSI-RS reception after one of the configurations is determined. 

Proposal 2: How to enable efficient adaptation of resource mapping for the reception of one CSI-RS resource should be further studied.
[image: ]
Figure 2(a) 8-port CSI-RS
         [image: ]
Figure 2(b) 8-port CSI-RS with 4 ports muted
[bookmark: _Ref127526592][bookmark: _Hlk131704063]Figure 2 CSI-RS resource with density=one, nrofPorts=p8, cdm-Type=fd-CMD2, 
frequencyDomainAllocation=011110, firstOFDMSymbolinTimeDomain = 3

	[bookmark: _Hlk131510667]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


Another issue is related to the CSI report configurations. Actually, when the structure of antenna port changes, the quantities for CSI reporting will change accordingly. To reflect the difference of CSI quantities among different spatial adaptation patterns, one CSI report configuration containing multiple adaptation patterns should be introduced. In this case, the gNB can choose proper MCS for the subsequent scheduling of PDSCHs transmitted by different adaptation patterns.
Proposal 3: For spatial element adaptation, support A2-2 with one CSI report configuration containing multiple spatial adaptation patterns.



Power domain
	[bookmark: _Hlk118291785][bookmark: _Hlk118291361]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



The dynamic adaptation of power offset has been confirmed according to the WID [2]. In current specification, the power offset values between PDSCH and CSI-RS is semi-statically configured by powerControlOffset for each NZP CSI-RS resource. The UE performs the channel estimation and calculates the CSI based on the power offset. Accordingly, the gNB can choose the preferred precoder for the PDSCH based on the reported CSI. Once the power offset changes, the UE should adopt the updated power offset for CSI calculation to improve the measurement accuracy. To obtain the updated power offset, signalling to enable efficient adaptation of multiple power offsets should be further studied.
Proposal 4: Signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS needs further study.
Similar to the spatial element adaptation, the power offset also impacts the CSI quantities. Therefore, the CSI reporting configuration containing multiple CSI quantities associated with one CSI-RS resource should be introduced.
Proposal 5: Enhancement to enable CSI reporting with multiple power offsets should be introduced.
Conclusions
In this contribution, we provide the potential scenario and candidate solutions for network energy saving. The following proposals are made based on our analysis:
Observation 1: The dynamic adaptation of antenna structure results in the adaptation of resources for CSI-RS reception, which may cause the misalignment for the reception. 
Proposal 1: For spatial element adaptation, support A1-2 that each CSI-RS resource can be associated with one or more spatial adaptation patterns.
Proposal 2: How to enable efficient adaptation of resource mapping for the reception of one CSI-RS resource should be further studied.
Proposal 3: For spatial element adaptation, support A2-2 with one CSI report configuration containing multiple spatial adaptation patterns.
Proposal 4: Signaling to enable efficient adaptation of power offset values between PDSCH and CSI-RS needs further study.
Proposal 5: Enhancement to enable CSI reporting with multiple power offsets should be introduced.
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