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[bookmark: _Ref129681832][bookmark: _Hlk134024791]In RAN#113 meeting, the WID network energy savings for NR [1] was discussed. The following was agreed [2] on the network energy savings techniques in spatial and power domains:
	Agreement
Confirm the working assumption with the following update (in red)
· Al-1-revised and A1-2-revised are supported
· For Type 1 SD adaptation
· A1-2-revised is supported 
· For Type 2 SD adaptation
· A1-1-revised is supported.

Agreement
For a CSI report configuration with L>1, for Type 1 SD, at least when A1-2-revised is used for the associated codebook configuration, 
· Only common codebook type for PMI across sub-configurations is supported
· Codebook type-1 for PMI is supported

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

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.

Agreement
For Type 1 adaptation, for each sub-configuration,
· Port subset indication is based bitmap is supported
· One bit per port for single panel case (i.e. turning off in a port level)
· 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)

Agreement
For both spatial domain NES, when UE reports CSIs corresponding to one or more sub-configurations provided in a CSI report configuration, 
· At least support baseline: Report CSI for each indicated sub-configuration, according to reportQuantity configuration
· FFS: details on how to map CSI(s) in a CSI report
· Further enhancement on CSI payload reduction is not precluded

Agreement
For spatial domain adaptation or power domain adaptation, for CSIs reporting corresponding to N indicated sub-configurations from L sub-configurations in a CSI report, for the case without CSI payload reduction
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement.
· the summation is over N for A-CSI RS
· This is for CSI processing criteria for NES in Clause 5.2.1.6 of TS 38.214

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
Above is agreed in addition to what was agreed in previous RAN1 agreements

Agreement
Joint operation of SD and PD adaptation is supported.

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

Agreement
Alt 2: For P-CSI reporting from L configured sub-configurations, support:
· All L configured sub-configurations are reported in every periodic occasion.
· The maximum value of L can be different for A-CSI, SP-CSI, and P-CSI. 
· , where  is the total number of CSI-RS resources corresponding to i-th sub-configuration in the CSI-RS resource set for channel measurement. (N=L in the equation)
· FFS: Details on active CSI-RS resource / port counting



Various network energy saving techniques in time, frequency, spatial and power domains have been investigated in RAN1 since Rel-18. In particular, the techniques in spatial and power domains aim to reduce the energy consumption by power amplifiers (PAs) and subsequent RF chains as the energy consumption by PA, which drives each antenna elements, accounts for a large portion of total energy consumption by a gNB, especially one equipped with massive MIMO antennas. Meanwhile, the dynamic power adjustment can adapt to different channel conditions and bring gNB energy saving gain.
In this paper, we present our views on remaining issues of network energy savings techniques in spatial and power domains and proposals for moving forward.
Beam management enhancement
gNB’s adaptation of spatial elements can necessitate the enhancement of beam management (BM), as shown in [1]. When performing power domain network energy saving, a UE can experience beam failure and/or radio link failure (RLF) if the cell coverage becomes weak, which may lead to beam switching or handover issues. Therefore, beam failure and RLF procedures in beam management may be impacted by power domain network energy saving.
Currently, the beam failure detection threshold has a physical meaning, i.e., it corresponds to a quality at which hypothetical PDCCH BLER is 10% for the most protected DCI type. The occurrence of beam failure means the link between UE-gNB is unreliable for communication. Arbitrarily scaling the threshold is not suggested.
On the other hand, even if scaling the threshold of beam failure detection and threshold of candidate beam identification may be helpful when UE assesses the link quality via beam failure detection reference signal (RS) or radio link monitoring (RLM) RS, how to set the scaling maybe up to implementation without specification impact.
For power domain network energy saving, to assist data transmission in network energy saving mode, additional hypothetical CSI/beam report maybe needed. The word ‘hypothetical’ here means it is based on the assumption that indicated spatial elements adaptation would be applied in network energy saving mode. 
To prevent a detrimental power adaptation, a UE can be provided a candidate set of hypothetical power offset values to the actual RLM-RS transmission power and the UE can be indicated to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated power offset values. Hypothetical occurrence of beam failure or Out-of-Sync with configured RLM-RSs and with indicated power offset values. More specifically, hypothetical beam failure and/or RLF reports may include:
· Hypothetical PDCCH BLER for the corresponding RLM-RS, i.e., CSI-RS.
· SINR or RSRP, etc. 
Therefore, it is proposed that UE sends hypothetical beam failure and/or RLF reports for the indicated hypothetical power offset values. In this way, the network can proactively assess the risk of beam failure or RLF so that the network can avoid adaptations which is expected to result in a disastrous failure.  
Based on the above analysis, we propose the following:
Proposal 1: For BM enhancement, support 
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
TCI configuration enhancement
Adaptation of spatial elements can be defined as multiple CSIs: 
· Multiple CSIs include multiple CSI-RS resource configuration and multiple CSI report configuration. 
· One CSI-RS resource can be associated with one or multiple spatial adaptation patterns as agreed in RAN1#112bis-e meeting. 
· In the current CSI-RS resource configuration, the multiple CSI-RS resources correspond to different TCI states. 
TCI states are used to represent different beam directions or quasi-colocation information such as QCL types. TCI states may be impacted by spatial adaptation:
· For a TCI state configuration, one or two DL RSs (i.e., SSB or CSI-RS) are configured as RS for QCL information. Then, a TCI state index can be configured/indicated for the reception of PDCCH, PDSCH or CSI-RS. 
· gNB’s adaptation of spatial elements will affect a CSI-RS that is configured as reference signal for QCL information or for spatial relation information.
· TCI change can be configured in the current CSI-RS resource configuration where the multiple CSI-RS resources correspond to different TCI states.
However, adaptive CSI-RS resource may cause problems if the CSI-RS resource is used as a reference signal for other purposes, including the cases when CSI-RS resource is configured as the reference RS in TCI state, QCL info, spatial relation, and pathloss reference signal. On the other hand, the change of spatial domain adaptation patterns of the CSI-RS resources may need updating the TCI states, which can be used in BM enhancements. 
Different spatial patterns may have different characteristics e.g., in terms of beam pattern.  However, given that there is potentially a relationship between an applicable spatial pattern and applicable TCI states, there may be need for a frequent update of active TCI states required to follow the spatial pattern change/adaptation. 
For spatial-domain adaptation, it has been agreed in RAN1#112 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.
· The CSI-RS transmission power can change when the network performs 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. When 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.
Finally, the largescale property between the QCL reference and QCL target may be changed with the dynamic spatial adaptation. In case of invalidation of TCI, a fast TCI switch mechanism corresponding to dynamic spatial adaptation is important.
In summary, although spatial pattern adaptation may require updating at least active TCI states and dynamic change of the TCI states would complicate UE measurement, it is proposed to configure multiple candidate sets of TCI state(s) associated with DL/UL signal/channel and switch one of them based on L1/L2 signaling.
Based on the above analysis, we propose the following:
Proposal 2: For TCI configuration enhancement, support 
· 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.
Conclusions
In this contribution, we present our views on remaining issues of network energy savings techniques in spatial and power domains. Based on the discussions in the previous sections we propose the following: 
Proposal 1: For BM enhancement, support 
· Case 2: Support UE to send hypothetical beam failure and/or radio link failure (RLF) reports for the indicated hypothetical power offset values.
Proposal 2: For TCI configuration enhancement, support 
· 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.
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