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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.
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.
A more efficient way would be that the UE applies or adjusts assumptions for power offset or subset of antenna ports for a NZP CSI-RS resource based on a dynamic indication, preferably by DCI. CSI reports are then calculated based on both the NZP CSI-RS resource configuration and the applicable adjustment of power offset or antenna ports included in the dynamic indication.
Proposal 1: A DCI can indicate an adjustment of power offset between PDSCH and CSI-RS applicable to a set of NZP CSI-RS resources for CSI reporting.
Proposal 2: A DCI can indicate a subset of antenna ports applicable to a set of NZP CSI-RS resources for CSI reporting.
Signaling of power offset
For power adaptation, one simple solution could be to apply the same adjustment to all NZP CSI-RS resources used for channel measurements. This approach could work for single TRP scenario and when the network applies same power reduction for all beams. However, in multiple TRP scenarios it is likely that the network needs the flexibility to apply different amount of power reduction between TRPs and possibly beams. To support this, the UE needs to receive information on the applicable NZP CSI-RS resources when receiving the indication of adjustment of power offset.
Proposal 3: The DCI indicating adjustment of power offset includes information for determining the set of applicable NZP CSI-RS resources.
One way of including this information could be to include the identities of all applicable NZP CSI-RS resources or NZP CSI-RS resource sets. However, a drawback of this approach is that the number of NZP CSI-RS resources or NZP CSI-RS resource sets that can be addressed would be limited. Furthermore, given that a change of PDSCH power would likely concern more than one UE (perhaps all connected UEs), transmitting the information using UE-group common signaling instead of unicast signaling would be beneficial. However, NZP CSI-RS resource IDs are indexed in a UE-specific way. To support indication by UE-group common signaling and indication for a large set of NZP CSI-RS resources, one solution is to configure a group identity to each NZP CSI-RS resource (or resource set) and to indicate this group identity along with applicable adjustment of power offset in the DCI. The maximum number of groups could be relatively small, e.g. 8 or 16.
Proposal 4: RRC configures a group identity for the purpose of power offset adjustment for each NZP CSI-RS resource.
Proposal 5: The DCI indicating adjustment of power offset includes the value of the power offset adjustment and the group identity of applicable NZP CSI-RS resources.
Proposal 6: The DCI indicating adjustment of power offset is received in a UE-group common search space.
Signaling of subset of antenna ports
One scheme that has been studied for spatial domain adaptatation is to dynamically mute a subset of the antenna ports, for example, by turning off the transmit/receive units serving those ports. To determine an optimal set of ports to mute, the gNB may configure a set of muting patterns.
Proposal 7: RRC can configure a set of muting patterns of antenna ports for each NZP CSI-RS resource.
In a probing phase, after receiving an indication from the gNB as to which muting pattern to consider for CSI computation, the UE may estimate the CSI based on the indicated muting pattern and feedback to the gNB. 
A simple example is shown in Figure 1 with 16 ports and 4 possible muting patterns. In the probing phase, the gNB transmits CSI-RS on all 16 ports and the UE would estimate the CSI for the indicated muting pattern. An index to the muting pattern can be indicated to the UE in a DCI.
Proposal 8: RRC configures a group identity for the purpose of antenna muting pattern indication for each NZP CSI-RS resource.
Proposal 9: The DCI that indicates the subset of antenna ports includes an index to one of the configured CSI-RS port muting patterns and the group identity of the applicable NZP CSI-RS resource.
[image: ]
Figure 1 Example muting patterns (bold: ON light: muted)
The CSI estimated during the probing phase should not be full CSI but a low-overhead CSI sufficient for the gNB to make a decision on the number of ports to mute. For example, the CSI may include L1-SINR and rank from which the gNB may estimate the possible throughput.
Once the gNB completes probing, it selects and applies one of the muting patterns, which should be indicated to the UEs, preferably in a group-common DCI.  
Conclusion
In this contribution, the following proposals are made:
Proposal 1: A DCI can indicate an adjustment of power offset between PDSCH and CSI-RS applicable to a set of NZP CSI-RS resources for CSI reporting.
Proposal 2: A DCI can indicate a subset of antenna ports applicable to a set of NZP CSI-RS resources for CSI reporting.
Proposal 3: The DCI indicating adjustment of power offset includes information for determining the set of applicable NZP CSI-RS resources.
Proposal 4: RRC configures a group identity for the purpose of power offset adjustment for each NZP CSI-RS resource.
Proposal 5: The DCI indicating adjustment of power offset includes the value of the power offset adjustment and the group identity of applicable NZP CSI-RS resources.
Proposal 6: The DCI indicating adjustment of power offset is received in a UE-group common search space.
Proposal 7: RRC can configure a set of muting patterns of antenna ports for each NZP CSI-RS resource.
Proposal 8: RRC configures a group identity for the purpose of antenna muting pattern indication for each NZP CSI-RS resource.
Proposal 9: The DCI that indicates the subset of antenna ports includes an index to one of the configured CSI-RS port muting patterns and the group identity of the applicable NZP CSI-RS resource.
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