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Introduction
The WI for Network Energy Saving (NES) was approved in RAN#98-e [1]. One of its objectives is to specify solutions for spatial and power domain adaptations, which has been approved for 3GPP Rel-18:
	3. [bookmark: _Hlk89917254]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



Based on the agreements made during RAN1#112bis-e [2], this contribution focuses on certain aspects identified for further study and specification needed for spatial domain adaptation for NES. Some of the agreements from the previous (RAN1#112) meeting [3] that were noted in our previous contribution [4] are also noted in the following.
Adaptation of Spatial Elements
For NES gains, the recommendation by the WID (i.e., via necessary enhancements on CSI and beam management related procedures including measurement and report, and signalling) to enable adaptation of active spatial elements should create opportunities for turning off associated hardware components of the inactivated transceiver chains and/or antenna panels in the physical antenna array. In this regard, the number of available spatial elements in the radio unit (RU) of a gNB performing MIMO transmission (or reception) can be viewed as being proportional to the number of (virtual) logical antenna ports and the number of physical antenna elements. Depicted in Figure 1 is the relationship between the number of layers, logical antenna ports and physical antenna elements in a gNB’s RU performing MIMO transmission or reception. 
[image: ]
[bookmark: _Ref127545294]Figure 1: Relationship between the number of layers, logical antenna ports and physical antenna elements in the radio unit of a gNB performing MIMO transmission or reception.
In order to leverage low or medium load scenarios, adaptation of the number of active spatial elements associated with the ports or the physical antenna elements can be addressed either through enhanced CSI-related procedures and/or enhanced beam management procedures, when applicable. 
Recall the first agreement from RAN1#112 [3], copied below.
	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



Regarding the above, the following was agreed in RAN1#112bis-e [2].

	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



As we noted before in [4] for the Type 1 spatial adaptations, CSI acquisition-related enhancements are applicable while for the Type 2 adaptations, beam management-related enhancements are applicable, as will be discussed in the following sub-sections. 
Observation 1: CSI acquisition-related enhancements are applicable to the Type 1 spatial domain adaptations while beam management-related enhancements are applicable to the Type 2 adaptations.
CSI Acquisition-Related Enhancements for Type 1 Adaptation
When the number of available logical ports  is relatively high and the number of physical antenna elements is comparable to the number of ports, i.e., , like in FR1 systems, low or medium load scenarios operating with fewer MIMO layers might create opportunities for dynamically activating/deactivating only a subset of the available antenna ports. Note that this would be Type 1 adaptation with all antenna elements associated to the inactivated logical ports being disabled.  A sustainable and efficient downscaling of the MIMO precoding—and in turn the number of active ports to minimize energy consumption—with minimal degradation in user performance would require enhanced CSI acquisition procedures. 
As indicated, legacy MIMO systems can implement such adaptation only via slow manoeuvres such as RRC reconfigurations of CSI-RS resource(s) and/or obtaining CSI feedback corresponding to CSI-RS resource(s) associated with different numbers/sets of ports at the network node over a period of time and/or several CSI feedback occasions. Such procedures, however, would increase latency and control overhead, and might allow only slower adaptation compared to possibly rapidly changing network conditions in certain scenarios.
For a more dynamic and low-latency adaptation of antenna ports at the gNB, switching between different subsets of antenna ports in the array or falling back to a smaller subset of the array, the network can be enabled to request CSI feedback with regard to a specific subset or a configured number of subsets of ports associated with the CSI-RS resource used by UEs to compute the CSI feedback. 
In order to address the trade-off between NES requirements and performance metrics such as network and UE throughput, and control information overhead effectively, the UEs can be enabled to select an appropriate subset of spatial elements. Leaving the decision to the network enables the availability of comprehensive CSI at the NW side while worsening control information overhead and/or latency. Allowing the UE to assess the NES vs performance trade-off, the CSI feedback overhead can be considerably reduced to either one or a very limited number of subsets of ports. 
Considering the following agreement from RAN1#112bis-e [2], further specification on how the CSI resource(s) are associated with the spatial adaptation patterns is needed.
	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.



In order to adaptively switch between the different spatial adaptation patterns, e.g., to fall back to a smaller subset of ports from the antenna port array at a gNB, the network needs to be enabled to request CSI feedback with regard to one or more spatial domain patterns or the subsets of antenna ports. For the association of the CSI-RS resource(s) to these spatial domain patterns, there can be the two possibilities as noted in the above agreement: 
· In line with A1-1- revised, one way is to have the different configured spatial adaptation patterns (i.e., each configured subset of the available antenna ports) associated with individual CSI-RS resources, for example, as depicted in Figure 2. Then, the UE can provide feedback(s) or report(s) with respect to one or more of the CSI-RS resources so as to aid the network in selecting a specific spatial adaptation pattern, where the reporting can be similar to a beam report or the UE itself may choose a desired subset by reporting one CSI-RS Resource Indicator (CRI).
· In line with A1-2-revised, another way is to have the different spatial adaptation patterns (i.e., each configured subset of the available antenna ports) associated with a single CSI-RS resource, for example, as depicted in Figure 3. Then, different subsets of the CSI-RS resource can be associated to each specific spatial adaptation pattern, i.e., a subset of antenna ports that the network may scale down to, from the CSI-RS resource’s original set of antenna ports. By configuring/indicating ‘valid’ subsets within a CSI-RS resource, the network may set the spatial adaptation patterns that make up the sub-arrays that it would like to get CSI feedback from the UE. Thus, the UE needs to receive configuration of a CSI-RS resource and the subsets, based on which the UE can provide feedback on the all or some subsets. 


[image: ]
[bookmark: _Ref131580137]Figure 2: An example showing the association of antenna array ports to CSI-RS resources as per A1-1, where each spatial adaptation pattern or subset of antenna ports is associated with different CSI-RS resources.
[image: ]
[bookmark: _Ref131582400]Figure 3: An example showing the association of antenna array ports to a CSI-RS resource as per A1-2, where the CSI-RS subsets configuration correspond to different spatial adaptation patterns or subsets of the available ports.
Observation 2: With A1-2-revised, a CSI-RS resource may correspond to the antenna ports associated with the whole antenna array while the subsets of the CSI-RS resource may be associated with distinct (overlapping or non-overlapping) subarrays of the antenna array.
Observation 3: With A1-2-revised, the UE needs to receive along a with a CSI-RS resource setting the subsets corresponding to the associated spatial adaptation patterns.
Proposal 1: Regarding A1-1-revised, for details on the association, each spatial adaptation pattern can be associated with an individual CSI-RS resource so that UEs can be enabled to provide report(s) with respect to one or more of the CSI-RS resources.
Proposal 2: Regarding A1-2-revised, for details on the association, multiple spatial adaptation patterns can be associated with a single CSI-RS resource while different subsets of the CSI-RS resource can be configured corresponding to each spatial adaptation pattern so that UEs can be enabled to provide report(s) with respect to one or more of the configured subsets of the CSI-RS resource.
Considering the following agreements from RAN1#112bis-e [2], further study is needed on how the CSI report configuration for each spatial adaptation pattern shall be specified and how multiple CSIs are reported (where each CSI corresponds to a spatial adaptation pattern) without too much overhead. 
	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
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 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
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.
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 patterns to reduce the burden at the UE
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 restriction
· 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
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
Agreement
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
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.



The key goal for adaptively switching between multiple spatial adaptation patterns at the gNB is addressing the tradeoff between NES, user performance and control information overhead. For this, multiple CSIs reported by each UE might be needed at the gNB, which can result in high overhead. Alternatively, such a need for configuring and feeding back multiple CSIs from each UE can be avoided if the UE is enabled to effectively select one from the multiple CSIs it measures corresponding to the multiple spatial adaptation patterns at the gNB. 
Observation 4: The need for configuring and feeding back multiple CSIs from each UE can be avoided if the UE is enabled to effectively select one from the multiple CSIs it measures, corresponding to the multiple spatial adaptation patterns at the gNB.
Considering that the necessary CSI-RS resource/resource set/resource setting needed for a UE to measure the CSIs corresponding to the multiple spatial adaptation patterns at the gNB are given, the UE can be configured to report all, some or one of the measured CSIs. Specifically, in line with the above agreements, with a UE set to measure CSI corresponding to 1 different (subsets of the available antenna ports in the array) spatial domain patterns at the gNB, it may be configured to report for  CSIs, where the value of can be either configured by the network or can be fixed in the specifications.
Observation 5:  Considering that the necessary CSI-RS resource/resource set/resource setting needed for a UE to measure the CSIs corresponding to the multiple spatial adaptation patterns at the gNB are given, the UE can be configured to report all, some or one of the measured CSIs.
Proposal 3: With a UE set to measure CSI corresponding to 1 different (subsets of the available antenna ports in the array) spatial domain patterns at the gNB, it should be configured to report for  CSI(s), where the value of can be either configured by the network or can be fixed in the specifications.
Once the network acquires CSI feedback with respect to the multiple spatial domain patterns, the decision on which subarray to use for transmissions may rest on the network. Different possibilities for the UEs reporting CSI with respect to the multiple subsets shall be addressed. If the network collects a detailed CSI report with respect to each subset, it would result in very high uplink control information overhead. This warrants overhead reduction in the reporting of the multiple CSIs or limiting the number of CSIs  to be reported or a combination of both, however, effectively addressing the tradeoff between NES and user performance.  
Regarding the overhead reduction with multiple CSIs being reported, a two-step approach may effectively reduce the details in the reported multiple CSIs as follows: 
· The UE first reports a ‘representative information’ with respect to each of the  subsets, which can be a one or more ‘low-overhead’ parameters computed with respect to each subset, e.g., CQI, RI, RSRP, etc. or some other performance metric. 
· Based on the representative information reported by the UE, the network then requests detailed CSI for one of the  subsets, which may be selected by the network for an expected tradeoff between UE’s performance and NES.

To further reduce overhead, differential reporting of the parameters can be enabled in the first step.

Proposal 4:  For overhead reduction with multiple CSIs being reported, a two-step approach would effectively reduce the details in the reported multiple CSIs as follows: 
· The UE first reports a ‘representative information’ with respect to  spatial patterns, which can comprise one or more ‘low-overhead’ parameters with respect to each subset (e.g., CQI, RI, RSRP, etc. or some other performance metric). 
· Differential reporting of the parameters can be enabled for further overhead reduction. 
· Based on the representative information reported by the UE, the network then requests detailed CSI for one of the  spatial patterns, which may be selected by the network for an expected tradeoff between UE’s performance and NES.

Note that in the above two-step approach in CSI reporting, the first step reduces the overhead of multiple reports while the second step limits the number of detailed CSI report to one. Without such a two-step approach in CSI reporting, another way is to enable the UE to select which CSI(s) are reported in order to effectively limit the number , ideally to one. In order to enable the UE to make such selection effectively, the UE should be configured with sufficient information from the gNB so as to take certain NES requirements into account, in addition to the UE performance. For example, to let the UE select CSI to be reported out of the  measured ones, instead of selecting the CSI corresponding to the spatial adaptation pattern (subset of ports) that gives the best UE performance (which may not be the good for NES), the UE can be configured to select an adaptation pattern that just satisfies a certain threshold configured by the network. This provides the network with flexibility to adapt to NES requirements, while keeping the control information overhead low. 
Proposal 5:  For the option for letting the UE select which CSI(s) are reported—in order for the UE to make such selection effectively considering NES requirements in addition to DL performance—enable the UE to select an adaptation pattern based on a configured threshold.

Beam Management-Related Enhancements for Type-2 Adaptation
When the number of MIMO layers  and in turn the number of logical antenna ports  are relatively low, while the number of available physical antenna elements  is much higher than the number of logical ports (), like in FR2, low or medium load scenarios operating with fewer users might create opportunities for activating only a subset of the available antenna elements. Note that in such scenarios, the Type 2 adaptation makes more sense where only part/subset of antenna elements associated to a logical antenna port is disabled/enabled. This means implementing a beam forming targeted at minimizing energy consumption, through enhanced beam management procedures, with a minimum expected degradation in user performance. 
Note that beam management in downlink involves the possibility for gNB beam sweeping via CSI-RS transmissions by fixing already selected UE beam(s), to perform UE measurements followed by reporting of one or more of the gNB beam(s) by the UE to the gNB. This possibility can be leveraged and enhanced for optimizing the gNB beam(s) for NES, for example, by changing the properties of the gNB beams that are swept via CSI-RS transmissions via employing different reduced subsets of physical antenna elements from the available array. Then, UEs can be enabled to measure and report beams considering NES constraints and sufficient link gain. Thus, in beam management-related enhancements for NES in FR2, UEs can be enabled to do beam reporting based on CSI-RS measurements considering NES constraints while maintaining sufficient link gains.
Observation 6: In beam management-related enhancements for NES in FR2, UEs can be enabled to do beam reporting based on CSI-RS measurements considering NES constraints while maintaining sufficient link gains.
Proposal 6: RAN1 to discuss mechanisms to enable UEs to perform beam measurement and efficient reporting to meet NES requirements while maintaining sufficient link gains.
Conclusions
In this contribution, we discussed some aspects of spatial domain adaptations for network energy savings. The following observations and proposals are made from the discussions above: 

Observation 1: CSI acquisition-related enhancements are applicable to the Type 1 spatial domain adaptations while beam management-related enhancements are applicable to the Type 2 adaptations.
Observation 2: With A1-2-revised, a CSI-RS resource may correspond to the antenna ports associated with the whole antenna array while the subsets of the CSI-RS resource may be associated with distinct (overlapping or non-overlapping) subarrays of the antenna array.
Observation 3: With A1-2-revised, the UE needs to receive along a with a CSI-RS resource setting the subsets corresponding to the associated spatial adaptation patterns.
Observation 4: The need for configuring and feeding back multiple CSIs from each UE can be avoided if the UE is enabled to effectively select one from the multiple CSIs it measures, corresponding to the multiple spatial adaptation patterns at the gNB.
Observation 5:  Considering that the necessary CSI-RS resource/resource set/resource setting needed for a UE to measure the CSIs corresponding to the multiple spatial adaptation patterns at the gNB are given, the UE can be configured to report all, some or one of the measured CSIs.
Proposal 1: Regarding A1-1-revised, for details on the association, each spatial adaptation pattern can be associated with an individual CSI-RS resource so that UEs can be enabled to provide report(s) with respect to one or more of the CSI-RS resources.
Proposal 2: Regarding A1-2-revised, for details on the association, multiple spatial adaptation patterns can be associated with a single CSI-RS resource while different subsets of the CSI-RS resource can be configured corresponding to each spatial adaptation pattern so that UEs can be enabled to provide report(s) with respect to one or more of the configured subsets of the CSI-RS resource.
Proposal 3: With a UE set to measure CSI corresponding to 1 different (subsets of the available antenna ports in the array) spatial domain patterns at the gNB, it should be configured to report for  CSI(s), where the value of can be either configured by the network or can be fixed in the specifications.
Proposal 4:  For overhead reduction with multiple CSIs being reported, a two-step approach would effectively reduce the details in the reported multiple CSIs as follows: 
· The UE first reports a ‘representative information’ with respect to  spatial patterns, which can comprise one or more ‘low-overhead’ parameters with respect to each subset (e.g., CQI, RI, RSRP, etc. or some other performance metric). 
· Differential reporting of the parameters can be enabled for further overhead reduction. 
· Based on the representative information reported by the UE, the network then requests detailed CSI for one of the  spatial patterns, which may be selected by the network for an expected tradeoff between UE’s performance and NES.

Proposal 5:  For the option for letting the UE select which CSI(s) are reported—in order for the UE to make such selection effectively considering NES requirements in addition to DL performance—enable the UE to select an adaptation pattern based on a configured threshold.
Proposal 6: RAN1 to discuss mechanisms to enable UEs to perform beam measurement and efficient reporting to meet NES requirements while maintaining sufficient link gains.
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