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[bookmark: _Ref513464071]Introduction
[bookmark: _Hlk127169948]The Rel-18 New WID on Network energy savings for NR has the following objective [1]:
	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


This contribution proposes specification enhancements to support network energy saving techniques in spatial and power domains.
Motivation for enhancements
According to the WID [1], techniques in spatial and power domains aim to reduce the power consumption of the TRX chains and PAs by enabling the network to shutdown spatial elements, reduce transmission power or increase PA efficiency when appropriate.
The WID further identifies in the objective section that support for these techniques require enhancements to CSI and beam management procedures. The enhancements are to help the network foresee the impact on UE performance of modifying the transmission power or the subset of active spatial elements before applying such modifications. They should also enable timely and accurate measurement and reporting of CSI information when such modification occurs.
Power-domain adaptation
In R17, the UE calculates CSI for a certain report configuration or trigger state based on a semi-statically configured set of resources. For the channel measurement, the UE uses the parameters powerControlOffset and resourceMapping configured for each NZP CSI-RS resource to determine the relative power of PDSCH and number of antenna ports, respectively.
If the network would like to obtain CSI information under the assumption of lower PDSCH transmission power or for a subset of antenna elements turned off, an RRC reconfiguration of corresponding NZP CSI-RS resources may be required for all UEs, which entails significant latency and overhead. Another possibility could be to configure additional resources corresponding to the different possible combinations of power control offsets and antenna port subsets. However, unless the number of combinations is severely limited, the resulting amount of configuration, reporting overhead of periodic CSI and/or number of aperiodic trigger states would become excessive.
In RAN1#112, RAN1 agreed to further study whether/how to configure multiplepower offset values between PDSCH and CSI-RS and whether/how one or more power offset values are dynamically indicated to UE. These aspects are addressed in the following.
Contents of CSI report
The agreement of RAN1#112 lists “overhead reduction for CSI reports associated with multiple power offset values” as an aspect to further study. Inclusion of CSI information associated with multiple power offset values in a CSI report is one option for supporting adaptation in the power domain, with possible benefit is that the network obtains the information for multiple candidate power offsets at the same time. On the other hand, there are some drawbacks with this option. It may increase CSI processing requirement since the number of calculated CSI is multiplied for a CSI report configuration. It may also increase CSI reporting overhead since at least CQI and RI need to be included for each power offset. 
Another solution is to support CSI reporting based on a power offset parameter that can be dynamically indicated instead of RRC configured. This solution enables the network to readily obtain information on the effect of a potential change of downlink power on the channel quality of one or more UE’s while minimizing impact on existing CSI processing requirement.
Proposal 1: A CSI report contains CSI information associated with at most one power offset value.
Proposal 2: Support reporting of CSI based on dynamically indicated power offset.
Dynamic indication of power offset value
To dynamically indicate a power offset, one option could be to first configure multiple candidate values of the power offset as part of each NZP CSI-RS resource configuration, and then have the dynamic signaling indicate which value is applicable for each resource. Another possibility is that the dynamic signaling indicates an adjustment of the applicable power offset for a group of NZP CSI-RS resources using the RRC-configured value of each resource as reference. A simple realization of this involves adding a group identity IE as part of the configuration of a NZP CSI-RS resource. The dynamic signaling then can include an adjustment of power offset and the group identity of applicable NZP CSI-RS resources. The maximum number of groups could be relatively small, e.g. 8 or 16. The number of power offset adjustments could also be relatively small, e.g. 4 or 8. This enables dynamic signaling with low overhead.
Proposal 3: Power offset assumed for a NZP CSI-RS resource is determined by its RRC-configured power offset value and a dynamically signaled power offset adjustment.
Proposal 4: RRC configures a group identity for the purpose of power offset adjustment for each NZP CSI-RS resource.
Proposal 5: A DCI can indicate an adjustment of power offset between PDSCH and CSI-RS applicable to a group of NZP CSI-RS resources for CSI reporting.
Indication by UE-group common DCI
Several options can be considered for the dynamic signaling such as MAC CE, unicast DCI or UE-group common DCI. As network energy saving gains by power and/or spatial adaptation are feasible even when there is more than a few UEs connected to the cell, a group signaling approach seems attractive. This approach is feasible when a group identity is assigned to each NZP CSI-RS resource in UE-specific manner. The UE-group common DCI can support indications of adjustments of power offsets for one or more groups of resources.
Proposal 6: The DCI indicating adjustment of power offset is received in a UE-group common search space.
Other CSI report content
If a power offset adjustment is signaled by DCI, there is possibility of mismatch between UE and network in case the UE misses the DCI. The mismatch can be avoided if the CSI report includes an indication of the power offset adjustment assumed by the UE for the reported CSI. The additional overhead depends on the number of possible adjustment values, which should typically be quite small.
Proposal 7: CSI report contains indication of assumed power offset adjustment.
Spatial-domain adaptation
For spatial-domain adaptation, RAN1 agreed to define two situations as “Type 1” and “Type 2” depending on whether all antenna elements, or only a subset of antenna elements that are associated to a logical antenna port are disabled/enabled. With Type 1, spatial adaptation does not modify the measured channel for a given antenna port if it is not disabled, while with Type 2, spatial adaptation may result in a different channel for a given antenna port. For example, Type 2 adaptation may result in wider beam when antenna elements are disabled, which in turn modifies properties of the channel.
RAN1 also agreed to study relationship between CSI-RS resource (set) and spatial adaptation pattern(s). Two identified approaches are that (A1-1) each CSI-RS resource (set) can be associated with only one spatial adaptation pattern and that (A1-2) each CSI-RS resource (set) can be associated with one or more spatial adaptation patterns. If only approach (A1-1) is supported, obviously the number of required CSI-RS resources that need to be configured to support CSI reporting for multiple possible spatial adaptation patterns can increase dramatically. This should be avoided if possible.
At least for Type 1 spatial adaptation, it seems that using a common CSI-RS resource to measure the channel for different muting patterns could be feasible. In principle, the UE could evaluate CSI using a configured CSI-RS resource and indication of a subset of antenna ports assumed to be enabled within this CSI-RS. The UE could make this evaluation for multiple different subsets of antenna ports using the same CSI-RS resource and measurement since the channel remains the same for an enabled antenna port. For such case, supporting approach (A1-2) is clearly beneficial.
Proposal 8: Support association of one CSI-RS resource with more than one spatial adaptation pattern, where each pattern corresponds to a different subset of antenna ports.
RAN1 agreed to further study necessary enhancements for multiple CSI(s) where each CSI corresponds to a spatial adaptation pattern. The aspects for study include whether gNB indicates to UE which CSI(s) to report or whether the UE selects which CSI(s), whether multiple CSI(s) are reported in a joint CSI report and how to reduce overhead of the multiple CSI(s).
On the question of whether multiple CSI(s) can be reported in a joint CSI report, similar considerations as in the power-domain adaptation apply. Support for this may increase CSI processing requirement and may increase CSI reporting overhead. Because of this, it is preferred to maintain the principle that a CSI report contains CSI information associated to at most one spatial adaptation pattern.
Proposal 9: A CSI report contains CSI information associated with at most one spatial adaptation pattern.
On the aspect of whether gNB indicates to UE which CSI(s) to report, or whether the UE selects CSI(s) to report, it should be considered that the latter option implies that the UE first evaluates CSI for multiple spatial adaptation patterns before reporting a preferred one. This approach appears to be burdensome from perspective of CSI processing, similar to reporting multiple CSI(s) in a joint CSI report.
As for the case of power-domain adaptation, a beneficial solution is to support CSI reporting based on a subset of antenna ports that can be dynamically indicated instead of RRC configured. This solution enables the network to readily obtain information on the effect of turning off (or on) a specific subset of antenna ports on the channel quality of one or more UE’s while minimizing impact on existing CSI processing requirement.
Proposal 10: Support reporting of CSI based on dynamically indicated subset of antenna ports.
For spatial-domain adaptation it may also be beneficial to use a group signaling approach for enabling the network to indicate a change for the assumed subset of antenna ports to more than one UE. To enable this, one can include a set of possible subsets of antenna ports as part of the configuration of a CSI-RS resource or resource set, and a group identity IE. The DCI then includes an indication of which subset of antenna port is to be applied for the CSI calculation, and the group identity of applicable CSI-RS resources.
Proposal 11: RRC configures a set of antenna ports subsets for each NZP CSI-RS resource.
Proposal 12: RRC configures a group identity for the purpose of indicating a subset of antenna ports for each NZP CSI-RS resource.
Proposal 13: A DCI can indicate subset of antenna ports applicable to a group of NZP CSI-RS resources for CSI reporting.
Proposal 14: The DCI indicating subset of antenna ports is received in a UE-group common search space.
PDCCH/PDSCH reception with Type 2 adaptation
When the network uses Type 2 spatial adaptation, different spatial adaptation patterns are expected to result in different beam widths, and therefore different channels from UE perspective. A change of spatial pattern may then have impact on channel estimation for PDCCH/PDSCH reception, similar to a change of beam. Such change of beam is normally handled by indicating a new TCI state for PDCCH and PDSCH reception where the new TCI state includes the CSI-RS corresponding to the new beam as QCL information. This implies that the required number of configured TCI states in a cell for which Type 2 spatial adaptation is utilized can increase significantly. In practice, at any given time the network would only need to use TCI states corresponding to a subset of all possible spatial patterns, corresponding to which energy saving mode it is operating in. Every time the network switches to a different energy saving mode and uses a different set of spatial patterns, it will need to activate a different subset of TCI states for each UE.
It may be beneficial to consider solutions that would reduce the above signaling overhead. For example, one could support groups of TCI states corresponding to different energy saving modes and activate a group of TCI states upon reception of signaling indicating a change of energy saving mode at cell level (such as a Cell DTX/DRX indication, if supported). Another possibility that would not require increase of the number of TCI states would be to support additional QCL sources within each TCI state, where each QCL source corresponds to a certain energy saving mode. In such case, no activation of TCI states is required when the UE is signaled or detects a change of energy saving mode or spatial adaptation. 
Proposal 15: RAN1 to consider solutions reducing signaling overhead from changes of TCI states when Type 2 adaptation is used.
Conclusion
In this contribution, the following proposals are made:
Proposal 1: A CSI report contains CSI information associated with at most one power offset value.
Proposal 2: Support reporting of CSI based on dynamically indicated power offset.
Proposal 3: Power offset assumed for a NZP CSI-RS resource is determined by its RRC-configured power offset value and a dynamically signaled power offset adjustment.
Proposal 4: RRC configures a group identity for the purpose of power offset adjustment for each NZP CSI-RS resource.
Proposal 5: A DCI can indicate an adjustment of power offset between PDSCH and CSI-RS applicable to a group of NZP CSI-RS resources for CSI reporting.
Proposal 6: The DCI indicating adjustment of power offset is received in a UE-group common search space.
Proposal 7: CSI report contains indication of assumed power offset adjustment.
Proposal 8: Support association of one CSI-RS resource with more than one spatial adaptation pattern, where each pattern corresponds to a different subset of antenna ports.
Proposal 9: A CSI report contains CSI information associated with at most one spatial adaptation pattern.
Proposal 10: Support reporting of CSI based on dynamically indicated subset of antenna ports.
Proposal 11: RRC configures a set of antenna ports subsets for each NZP CSI-RS resource.
Proposal 12: RRC configures a group identity for the purpose of indicating a subset of antenna ports for each NZP CSI-RS resource.
Proposal 13: A DCI can indicate subset of antenna ports applicable to a group of NZP CSI-RS resources for CSI reporting.
Proposal 14: The DCI indicating subset of antenna ports is received in a UE-group common search space.
Proposal 15: RAN1 to consider solutions reducing signaling overhead from changes of TCI states when Type 2 adaptation is used.
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Appendix: previous agreements
RAN1#112
R1-2301964	FL summary#1 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2301965	FL summary#2 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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

R1-2301966	FL summary#3 for spatial and power domain techniques for R18 NES	Moderator (Huawei)

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.


