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[bookmark: _Ref124589705][bookmark: _Ref129681862]Introduction
In RAN1#113 meeting, further progress on the techniques for spatial domain adaptation has been made and reported [1]. Specifically, agreements on the various aspects needed for the support of CSI-RS resources configurations and CSI report configurations were made. In this contribution, we provide our views and further considerations on the agreements made and some of the identified remaining issues. 
Discussions 
For Type 1 adaptation, it was agreed that signaling in the form bitmap for the port subset is supported with one bit per port for a single panel in the sub-configuration. Furthermore, an additional one bit per panel for multi-panel case i.e., turning off in panel level is used.

Agreement
For Type 1 adaptation, for each sub-configuration,
· [bookmark: _Hlk138337974]Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· [bookmark: _Hlk138338073]FFS: One bit per panel for multi-panel case (i.e. turning off in panel level)
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array
Agreement
For Type 1 adaptation, for each sub-configuration, for multi-panel case,
· One bit per port based on bitmap is supported 
· Note: It is up to the gNB to ensure the mapping of the bit to a uniform x-pol rectangular array for each of the activated panel(s). Additionally, if more than one panel is activated, uniformity across panels is ensured by the gNB (i.e., the same N1, N2 across multiple activated panels)

For Type 2 adaptation, indication of the antenna port is not needed since only part/subset of antenna elements associated to a logical antenna port is disabled/enabled. 

Agreement
· For A1-1-revised for Type 2, one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration
· Resources in the resource set for channel measurement have the same number of antenna ports
· For A1-2-revised for Type 1, all CSI-RS resource(s) (which can be one or more) in the CSI-RS resource set for channel measurement are associated with each sub-configuration provided in a CSI report configuration
· i.e. each CSI-RS resource is associated with all the sub-configurations
· Resources in the resource set for channel measurement have the same number of antenna ports
· FFS: restriction on total number of CSI-RS resources for channel measurement in a CSI-ReportConfig and/or sub-configuration.



In the above, an agreement was made to support one or more CSI-RS resources from a CSI-RS resource set for channel measurement can be associated with the same sub-configuration provided in a CSI report configuration. Hence a sub-configuration could correspond to more than one Type 2 spatial adaptation pattern, up to the number corresponding to the number of CSI-RS resources configured for channel measurements for that sub-configuration.

Observation 1: For Type 2, one sub-configuration in a CSI report configuration can be configured with one or more CSI-RS resources, as per RAN1#113 agreement, where each CSI-RS resource can be associated with a different spatial adaptation pattern.

The above observation is still aligned with the definition of A1-1-revised, where a resource set with multiple resources is configured within a resource setting and each resource is associated with only one spatial adaptation pattern. The separate spatial adaptation patterns in a sub-configuration are indicated by its CSI-RS Resources Indicator (CRI), consistent with the agreement below:

Agreement
For the sub-configuration(s) in a CSI report configuration with L>1, 
· for Type 1 SD with A1-2-revised, the following is configured in each sub-configuration
· codebook subset restriction, 
· rank restriction
· N1, N2 and Ng 
· FFS: the case when the number of ports is less than 4
· for Type 2 SD adaptation with A1-1-revised, for each sub-configuration
· a list of CSI-RS resource ID
· FFS: codebookConfig (including codebookSubsetRestriction/ ri-Restriction)
· FFS: CQI table indication
· FFS: reportFreqConfiguration
· FFS: report quantity

Clarifying on the agreement above, although the UE can be configured with more than one CSI-RS resource, reporting CSI measurements on all the CSI-RS resources would be signaling overhead that the UE would need to consider, in addition to its processing capability i.e., UE capability.
Instead, the UE could decide to report a subset of the complete list of the configured CSI-RS resources. In other words, not all the configured CSI-RS resources measurements are expected to be reported. 
Proposal 1: For Type 2 SD adaptation with A1-1-revised, for each sub-configuration, the list of CSI-RS resource ID may be a subset of the CSI-RS resources. 

In the previous meeting, there have been discussions about what a change in the spatial adaptation patterns would mean in terms of CSI-RS resource configurations, and how it can be supported. Related to this, we have the following agreements:
Agreement
For N>=1 CSI reporting corresponding to N out of L sub-configurations in one reportConfig where each sub-configuration corresponding to an SD adaptation pattern or/[and] a powerControlOffset value, 
· For A-CSI and SP-CSI on PUSCH report, support DCI-based triggering
· For A-CSI-RS, CPU and CSI-RS resource/port counting depend on N indicated sub-configurations
· FFS: How to do the counting
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
· For SP-CSI on PUCCH report, support MAC-CE-based triggering
· FFS: For P-CSI-RS/SP-CSI-RS, CPU and CSI-RS resource/port counting depend on L or N sub-configurations
Note: UE complexity reduction is not precluded
· For DCI-based triggering, 
· Alt 1: A triggering state corresponding to N sub-configurations is indicated via the existing CSI request field in DCI. Different triggering states could represent different subsets of L sub-configurations.
· The DCI is UE specific (in this case, legacy DCI format applies) 
· For MAC-CE based triggering 
· Opt 2: An indication to select to N sub-configurations in a MAC-CE is supported
· It is up to RAN2 to decide the signaling designs of the MAC-CE (including whether it is a new MAC CE or an existing MAC CE)
· Only one MAC CE is used for this triggering

Related to the above agreement on whether to support powerControlOffset values in one reportConfig, we have the agreement below from RAN1#112:

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

In addition, we agreed to support some form of joint power and spatial adaptation in RAN1#113:
Agreement
Joint operation of SD and PD adaptation is supported.

When the number of TxRUs changes in either Type 1 or Type 2 spatial adaptation, it could also impact the transmit power of the PDSCH including reference signals such as SSB and CRI-RS. According to current specifications, the SSB reference power, ss-PBCH-BlockPower is signaled in SIB1. The powerControlOffsetSS that is the power offset between (NZP)CSI-RS and SSB, and the powerControlOffset that is the power offset between PDSCH and (NZP) CSI-RS, are semi-statically configured via RRC. So, technically the power offset is inherently signaled.
However, reducing spatial element effectively reduces RF power for SSB and CSI-RS and correspondingly the beam management, RRM, RLM and cell coverage. It may cause beam failure and it may trigger cell reselection etc. Hence it would be desirable if SSB power is not affected, or at least to reduce the effect to the minimum. One way to achieve this is to boost SSB signal power with the active TxRUs if the number of TxRUs is reduced, for example.
Observation 2: It should be left to network implementations (e.g., by power boosting) to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 

Additional power offsets for the PDSCH would be to support gNB dynamic PDSCH power adaptation. Optimally, multiple CSI  reports corresponding to different powerControlOffset enable the gNB to inform UE promptly so UE can use the right powerControlOffset value to measure and calculate CSI information. Similarly, the gNB needs to get CSI reports for all interested PDSCH power levels so it can choose one of them based on link performance and energy saving. 
Note that current specifications support sequential gNB configurations of N (assume N is the number of power levels) NZP-CSI-RS resources with each has different powerControlOffset and N CSI reports.
Proposal 2: To support adaptive power adaptation dynamic signaling to the UE of the multiple powerControlOffset values to be used in CSI can be introduced. 
Proposal 3: Each sub-configuration corresponds to an SD adaptation pattern and a powerControlOffset value.

Depending on whether the CSI is reported in PUSCH or PUCCH, DCI-based and/or MAC-CE-based triggering will be supported, as per the agreement above. In RAN1#112b-e, there have also been discussions on other possible enhancements for the current DCI and MAC-CE mechanisms that the gNB uses to trigger for semi-persistent and aperiodic CSI reporting for the N sub-configurations. 
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.
Reconfiguration of CSI-RS through RRC is necessary to get updated periodic, semi-persistent and aperiodic CSI reports. Considering the semi-statical nature of RRC messages, existing RRC configurations may not meet the dynamic nature of spatial adaptation to provide energy savings. Extensive simulations during study phase [2] shown the power saving gains when dynamic adaptation at the TTI level is implemented.
For A-CSI and SP-CSI on PUSCH report, the support of DCI-based triggering for the CSI reporting corresponding to N out of L sub-configurations ensures that indication to the UE will be provided in a faster and dynamic manner. This adapts well when the gNB adapts its spatial elements in a lightly loaded cell with few UEs. 

As the cell load increases, whether the gNB needs to trigger a report from each UE prior to adapting the spatial element should factor in the signaling overhead in the downlink. To reduce the potential large and repetitive signaling, group based signaling to the UEs can be supported at least for aperiodic CSI where the reporting is expected to be more dynamic.

Proposal 4: Group-based DCI triggering should be supported at least for A-CSI reporting on PUSCH. 

Finally, as it is indicated earlier, when the number of TxRUs changes in either Type 1 or Type 2 spatial adaptation, it could also impact the transmit power of the PDSCH including reference signals such as SSB and CSI-RS which in turn may impact beam management and TCI state.  The following is the agreement from previous meeting:
Agreement
· Downselect one of the following for BM enhancements in RAN1#114
· Case 1: Support scaling the threshold of beam failure detection and threshold of candidate beam identification for power domain network energy saving
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
· Case 3: No further work on BM enhancements
· Downselect one of the following for TCI configuration enhancement in RAN1#114
· Method 1: Configure multiple candidate CSI-RS resources as reference signal for QCL information or for spatial relation information, and switch one of them based on L1/L2 signaling
· Method 2: Configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling
· Method 3: No further work on TCI configuration enhancement

When the number of TxRUs changes, the gNb can use the active TXs to boost power to compensate the lost SSB power due to the reduction of the number of active TxRUs. This way the effect to BM, RLM is mitigated/eliminated. Furthermore, it has not been shown that spatial domain adaptation would negatively impact the TCI state. Having separate TCI states for each of these sub-configurations may lead to an excessive number of TCI states.
Proposal 5: No further work on BM enhancements is needed for Network energy savings (Case 3).

Proposal 6: No further work on TCI configuration enhancement is supported (Method 3).


[bookmark: _Ref129681832]Conclusion
The contribution examined techniques to enable efficient adaptation of spatial elements in spatial domain and power adaptation in power domain in network energy savings, made the following observations and proposals to CSI-RS enhancement to support these techniques.
Observation 1: For Type 2, one sub-configuration in a CSI report configuration can be configured with one or more CSI-RS resources, as per RAN1#113 agreement, where each CSI-RS resource can be associated with a different spatial adaptation pattern.
Observation 2: It should be left to network implementations (e.g., by power boosting) to ensure that the coverage of SSB and/or the CSI-RS are not negatively impacted due to spatial patterns adaptation. 
Proposal 1: For Type 2 SD adaptation with A1-1-revised, for each sub-configuration, the list of CSI-RS resource ID may be a subset of the CSI-RS resources. 

Proposal 2: To support adaptive power adaptation dynamic signaling to the UE of the multiple powerControlOffset values to be used in CSI can be introduced. 

Proposal 3: Each sub-configuration corresponds to an SD adaptation pattern and a powerControlOffset value.
Proposal 4: Group-based DCI triggering should be supported at least for A-CSI reporting on PUSCH. 

Proposal 5: No further work on BM enhancements is needed for Network energy savings (Case 3).

Proposal 6: No further work on TCI configuration enhancement is supported (Method 3).

[bookmark: _Ref124589665][bookmark: _Ref71620620][bookmark: _Ref124671424]References
RAN1 Chairman Notes, RAN1#113.
[bookmark: _Ref114210534]TR 38.864 v1, “Study on network energy savings for NR (Release 18).”

