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Work item for network energy saving has been approved in [1]. The WI contains multiple objectives that span from RAN1 to RAN4. One of the main objectives for RAN1 is to standardize enhancements related to supporting spatial and power domain adaptation that conserve network energy. In this document, we discuss the potential network energy saving features and techniques in the spatial and power domain.

Discussion
CSI-RS configurations for spatial adaptation pattern
The following agreements and working assumptions were made in the last RAN1 #112-bis-e meeting.
	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



A1-1-revised is similar to existing CSI-RS configuration in that existing configuration for CSI-RS resource set allowed the possibility for configuring multiple CSI-RS resources. The configuration of multiple CSI-RS resources were typically for beam management aspects, where UE may report the best CSI-RS resource among configured resources in a set, or could be used to further beam refinement at the UE. Because of this, the CSI-RS resource within a resource set had to support same number of ports.
For NES purposes, the flexibility to support potentially different ports could be quite useful, where each resource of a resource set corresponds to one spatial adaptation pattern. Therefore, we propose to remove the same antenna port number constraints for CSI-RS resource configured in a CSI-RS resource set, if the CSI-RS resource set is configured for NES purposes.
Proposal 1:
· For A1-1-revised case, the CSI-RS resource configured in a CSI-RS resource set does not need to have same number of ports for NES capable Rel-18 UEs.
A1-2-revised is supporting functionality to signal multiple spatial adaptation patterns more efficiently when only number of antenna ports or PDSCH-to-CSI-RS RE power offset value are to be changed. Each of the spatial adaptation pattern do not actually correspond to CSI-RS resource configuration, rather each spatial adaptation pattern corresponds to a hypothetical CSI-RS resource configuration that the UE may assume for measurement purposes. This has the benefit that gNB does not need to sent separate CSI-RS resources for each spatial adaptation pattern. Since CSI-RS resources can be UE specific, tailored to each UE’s capability and situation. Not requiring the gNB to send separate CSI-RS resources for each spatial hypothesis will significantly simply the scheduling and allocation of many CSI-RS resources that may need to be sent for multiple UEs.
For example, if one CSI-RS resource is configured in a CSI-RS resource set and is with 16 antenna ports. The spatial adaptation pattern could correspond to specific number of antenna ports, which may be 16 or something smaller, and specific sub-set of antenna ports that will be assumed used. The hypothetical configuration that correspond to a spatial adaptation pattern is only useful in the context of CSI reporting, and does not have relevance to actual CSI-RS resource transmitted by the gNB for measurement.
When indicating a hypothetical sub-set of the CSI-RS resource as a spatial adaptation pattern, for a specific number of ports, there could be large number of possible sub-sets for a given number of ports. For example, choosing 8 antenna ports out of 16 port CSI-RS resources, actually have 16C8 = 12870 number of combinations. One method to support indication of which subset of antenna ports should be assumed for a spatial adaptation pattern would be indicating a bitmap of antenna ports. In case of 16 antenna port CSI-RS resource configuration, each spatial adaptation pattern would require 16-bit bitmap that indicates the spatial adaptation pattern. In case, this is too excessive in terms of overhead, it may be possible to down-select specific set of patterns that may be supported in specification. For example, support of every even or odd ports would allow supporting half of the CSI-RS port as a spatial adaptation pattern. Between the two methods, our preference is the latter as it results in smaller overhead.
Proposal 2:
· For A1-2-revised case, a CSI-RS resource may be indicated with one or more of spatial adaptation pattern.
· Each spatial adaptation pattern corresponds to a specific number of ports for CSI-RS resources, which is strictly equal or smaller than the number of ports configured for the CSI-RS resource.
· The actual selection of the subset of ports for a spatial adaptation pattern are based on pre-defined set of patterns in the specification.

In order to limit the maximum complexity for CSI-RS resource configuration and its spatial adaptation pattern, the specification may need to limit that total number of spatial adaptation pattern. We believe maximum of 16 spatial adaptation pattern per cell is a reasonable limitation.
Proposal 3:
· Limit to maximum of 16 spatial adaptation pattern per cell.

Handling of power offsets in CSI-RS configurations
The PDSCH to CSI-RS power offset configured for CSI-RS resource do not actually change the EPRE of the data transmission that follow CSI-RS transmission. Instead, the power offset information is provided to give information on how the UE can derive the CSI feedback such as RI, PMI, and CQI.
This means the effect of providing multiple PDSCH to CSI-RS power offset is essentially the same as gNB providing a different spatial adaptation pattern. UE may need to compute new CSI feedback with the new PDSCH to CSI-RS power offset hypothesis.
Therefore, we think configuration of more than one power offset should be treated as same a configuration of more than one spatial adaptation pattern. The combination of { antenna port, PDSCH-to-CSI-RS power offset } values should be treated as one spatial adaptation pattern. The maximum number of spatial adaptation pattern that can be configured for a UE should apply as well. 
Proposal 4:
· One combination of antenna port (hypothesis) and PDSCH to CSI-RS RE power offset (hypothesis) should be treated as one spatial adaptation pattern for CSI-RS configuration.

CSI report sub-configurations
The following agreements were made in the last RAN1 #112-bis-e 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.
1. For discussion purpose, N=1 refers to single-CSI while N>1 refers to multi-CSI.
1. For Semi-persistent/Aperiodic CSI reporting, support gNB trigger/indicate/activate report of N≤L CSIs where N>=1
1. The maximum value of N and L are subject to UE capability
1. Further study how to address/minimize additional UE complexity

Agreement
1. 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
0. CRI
0. RI
0. PMI
0. CQI
0. FFS: L1-RSRP
0. Other (new) report quantity, if any
1. 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
1. N1, N2 for single-panel and N1, N2, Ng for multi-panel
0. FFS: details on explicit indication or implicit derivation
1. Port subset indication when A1-2 is used (if A1-2 is supported)
1. FFS: details on explicit indication or implicit derivation
1. FFS: rank restriction
1. FFS: codebook subset restriction
1. FFS: supported codebook types for PMI, e.g., Type-I or Type-II
1. FFS: report quantity
1. FFS: reportFreqConfiguration
1. 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



For the CSI report, UE report L CSI for each sub-configuration out of N configured spatial adaptation pattern for CSI-RS resources. The details of which values of L to support was not concluded from the last RAN1 meeting. Among all the potential values of L that can used, at the very minimum L = N should be supported. Value of L smaller than N (i.e., L < N ) results in cases where specification needs to standardize how the L is selected from N. While the selection of L from N could be potentially signaled from gNB, in case this is chosen by the UE, additional signaling to inform which CSI feedback corresponds to which spatial adaptation pattern is needed. Furthermore, in case UE does not report back the spatial adaptation configuration that the gNB is most interested as that particular spatial configuration pattern was not part of the L selected CSI feedback by the UE, the entire CSI report might become useless.
Therefore, gNB should have the mechanism to request exactly N spatial adaptation patterns, and ask UE to report back L=N CSI feedback for each corresponding spatial adaptation pattern. Details on how N CSI feedback can be squeezed to PUCCH could be further discussed. One method is having gNB always configure N such that UE is able to provide the CSI report in PUCCH or PUSCH. Alternatively, it may be possible to drop the CSI report on PUCCH, if the size of the CSI report is too large for PUCCH. Given that there could be variety of methods to handle special cases for large CSI reports, we recommend supporting L = N for a CSI report.
Proposal 5:
· At least support L = N for CSI feedback in a CSI report.
While having the UE provide multiple CSI feedback for various CSI-RS resource sets may help the network to determine optimal antenna and transmission power configurations that balance performance and network energy consumption, this operation does incur a significant complexity burden at the UE side. This is precisely why there is separate UE capability associated with maximum number of concurrent CSI processing in a CC. The computation complexity to derive optimal rank, precoding matrix, and CQI is not a simple calculation.
Therefore, we think it will be important to consider methods in which complexity for computing multiple CSI feedback for NES enhancement can be reduced. Because the precoding matrix that is provided as part of the CSI feedback is essentially coefficients that coherently combine signals at the receiver to maximize reception power, we believe it is possible to leverage similar (if not the same) precoding matrix structure and coefficients for various subset of CSI-RS port cases.
One method to re-use the same precoding matrix is to simply assume that elements that correspond to antenna ports that are disabled as part of the spatial adaptation pattern are zero. While this may not result in optimal selection of the precoding matrix selection for the given spatial adaptation pattern, it does allow the UE to re-use calculations from CSI feedback corresponding to the full CSI feedback report.
Proposal 6:
· Additionally support compressed CSI feedback for spatial adaptation pattern with sub-set of antenna ports.
· Same RI and PMI is assumed for the CSI feedback, where the elements that correspond to antenna ports disabled are assumed to be zero.

Supporting L1 signaling for adaptation of CSI-RS and CSI report configurations
All of CSI-RS resource configurations and CSI report configurations are provided to the UE via RRC messaging. RRC messages have inherent issue of being relatively slow. This can cause adverse effect to how quickly gNB may be able to adapt spatial elements and transmission power. As such, we believe supporting L1 signaling, based on group common DCI to enable/disable configurations among pre-configured set of configurations is essential for dynamic adaptation of spatial elements and transmission power.
Proposal 7:
· Support group common L1 signaling to enable/disable CSI-RS resource set and CSI report configurations among pre-configured set of configurations.

Handling of UE Capability for multi-CSI feedback report
The WID has a note regarding handling of legacy UE capabilities related to CSI and CSI-RS. It notes:
· Note: Legacy UE CSI/CSI-RS capabilities applies when considering total number of CSI reports and requirements
From our understanding the note was captured to consider the legacy UE capability when considering new features related to additional CSI feedback processing. There are two main legacy UE capabilities that are relevant for discussion regarding spatial and power domain enhancements for network energy saving. The two capabilities are:
· CSI capability 2-35
· Component 1) Maximum number of periodic CSI report settings per BWP for CSI report, value between {1 ~ 4}.
· Component 2) Maximum number of periodic CSI report settings per BWP for beam report, value between {1 ~ 4}.
· Component 3/4) component (1)/(2) for aperiodic CSI, value between { 1 ~ 4 }.
· Component 5) maximum number configured aperiodic CSI triggering states, value among {3,7,15,31,63,128}.
· Component 6/7) component (1)/(2) for semi-persistent CSI, value between { 1 ~ 4 }.
· Component 8) UE can process Y CSI reports simultaneously in a CC. , value between { 1 ~ 8 }.
· Component 9) UE can process X CSI reports simultaneously across all CCs, value between { 5 ~ 32 }.
· CSI capability 2-43
· Component 1) supports combination of (Max # Tx port in 1 resource, Max # of resource, Total # of Tx port) (maximum of 16 combinations)
· Max # of Tx port in 1 resource {4,8,12,16,24,32}
· Max # of resource {1 ~ 64}
· Total # of ports {2 ~ 256} (includes both channel and NZP-CSI-RS based interference measurement)
· Component 2) number of selected port, value among {2,3,4}
· Component 3) support amplitude scaling type, value between {1 ~  8}

Issue 1) Max concurrent CSI report processing
If RAN1 is considering enhancements to CSI feedback by supporting additional CSI feedback in a report, the group will need to discuss on how to handle the capability. In case that the UE needs to perform CSI feedback for multiple CSI-RS resource hypothesis, the note of the WID states that the legacy UE capabilities should apply. Meaning if the UE reports 1 concurrent CSI processing in a CC, then that UE should not be able to also support the multi-CSI feedback enhancement for network energy saving. This might be technically ok.
However, the problem arises when UE reports 2 or more concurrent CSI processing in a CC intending to support the new enhanced CSI feedback. If legacy UE capability is used to report 2 or more concurrent CSI processing, this implies the 2 or more concurrent CSI processing could also apply to legacy CSI feedback operations, when in fact the additional CSI processing capability was indicated to provide support of only the new enhanced CSI feedback for network energy savings. This results in ambiguity in which whether the additional concurrent CSI processing in a CC capability can be dedicated for the newly enhanced multi-CSI feedback for network energy saving or whether it must apply to all CSI reporting features.
The issue become more complex since the UE complexity associated with processing the multi-CSI feedback in a CSI report for multiple CSI-RS hypothesis may not be equivalent to multiple CSI report process for different and distinct CSI-RS resource sets.
Observation 1:
· The UE complexity for handling multi-CSI feedback in a CSI report for multiple CSI-RS resource set hypothesis may not be equivalent to multiple legacy CSI report for multiple legacy CSI-RS resource sets.
Proposal 8:
· Discuss further whether legacy UE CSI capability related to total number of CSI reports and requirements can be utilized to only indicate to network energy saving enhancement of multi-CSI feedback for multiple CSI-RS resource set hypothesis (if agreed to be introduced) but not for general legacy UE CSI capabilities when UE is indicating more than 1 concurrent CSI report processing in a CC.

Issue 2) Handling of max number of CSI-RS configuration setting.
For the multi-CSI feedback enhancement, one method to reduce configuration signaling and associated complexity for supporting multiple CSI-RS resources is to ask UE to compute CSI feedback based on a single CSI-RS resource set but with multiple CSI-RS resource hypothesis. This would enable supporting multiple CSI feedback using a single CSI-RS resource set, and reduces the scheduling complexity burden at the gNB for handling multiple CSI-RS resources.
In this case, a single CSI report setting could correspond to multiple CSI-RS feedback within a CSI report. If so, its not clear whether such CSI report configuration (with multiple CSI feedback) should correspond to 1 CSI report setting or multiple CSI report settings.
From our understanding, the parsing and deciphering of the CSI report that corresponds to multiple CSI feedback are bundled together and cannot be independently separated, especially if multiple CSI-RS resource hypothesis are derived from a single CSI-RS resource set.
Observation 2:
· CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis cannot be separated into independent CSI report settings as the multiple CSI feedback may be coupled with each other.
Proposal 9:
· From UE capability perspective, treat a CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis as one CSI report setting per BWP.

Issue 3) Handling of supported combination of port/resource for type 2 port selection codebook
In case of type 2 port selection codebook, the UE may indicate supported combination of the number of ports in one CSI resource, maximum number of resources, and total number of CSI-RS ports. From the legacy capability, the UE is expected to support up to the maximum number of CSI-RS ports. If the Rel-18 UE supporting NES features may need to provide CSI feedback for hypothetical subset of the CSI-RS ports that may be smaller than maximum number of CSI-RS ports supported for type 2 port selection, it may be reasonable to assume the UE may be able to support type 2 port selection codebook for such subset of CSI-RS ports.
Observation 3:
· For type 2 port selection codebook, legacy capability for maximum number of port can be applied to infer support for any hypothetical CSI-RS port subset configuration that is strictly smaller than the maximum number of ports for NES enhanced multi-CSI feedback.

Conclusions
In this contribution, we discussed network energy saving techniques in spatial and power domain. The following is a summary of the observations and proposals:
Proposal 1:
· For A1-1-revised case, the CSI-RS resource configured in a CSI-RS resource set does not need to have same number of ports for NES capable Rel-18 UEs.

Proposal 2:
· For A1-2-revised case, a CSI-RS resource may be indicated with one or more of spatial adaptation pattern.
· Each spatial adaptation pattern corresponds to a specific number of ports for CSI-RS resources, which is strictly equal or smaller than the number of ports configured for the CSI-RS resource.
· The actual selection of the subset of ports for a spatial adaptation pattern are based on pre-defined set of patterns in the specification.
Proposal 3:
· Limit to maximum of 16 spatial adaptation pattern per cell.
Proposal 4:
· One combination of antenna port (hypothesis) and PDSCH to CSI-RS RE power offset (hypothesis) should be treated as one spatial adaptation pattern for CSI-RS configuration.
Proposal 5:
· At least support L = N for CSI feedback in a CSI report.
Proposal 6:
· Additionally support compressed CSI feedback for spatial adaptation pattern with sub-set of antenna ports.
· Same RI and PMI is assumed for the CSI feedback, where the elements that correspond to antenna ports disabled are assumed to be zero.
Proposal 7:
· Support group common L1 signaling to enable/disable CSI-RS resource set and CSI report configurations among pre-configured set of configurations.
Observation 1:
· The UE complexity for handling multi-CSI feedback in a CSI report for multiple CSI-RS resource set hypothesis may not be equivalent to multiple legacy CSI report for multiple legacy CSI-RS resource sets.
Proposal 8:
· Discuss further whether legacy UE CSI capability related to total number of CSI reports and requirements can be utilized to only indicate to network energy saving enhancement of multi-CSI feedback for multiple CSI-RS resource set hypothesis (if agreed to be introduced) but not for general legacy UE CSI capabilities when UE is indicating more than 1 concurrent CSI report processing in a CC.
Observation 2:
· CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis cannot be separated into independent CSI report settings as the multiple CSI feedback may be coupled with each other.
Proposal 9:
· From UE capability perspective, treat a CSI report setting for multiple CSI feedback corresponding to multiple CSI-RS resource set hypothesis as one CSI report setting per BWP.
Observation 3:
· For type 2 port selection codebook, legacy capability for maximum number of port can be applied to infer support for any hypothetical CSI-RS port subset configuration that is strictly smaller than the maximum number of ports for NES enhanced multi-CSI feedback.
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