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1 Introduction
RAN1 has concluded a description for an initial summary of potential network energy saving techniques in [1]. Based on the summary, this contribution considers associated design issues. Corresponding evaluation results of gNB energy savings are provided in [2].
2 Network operation states
Present networks have limited capability to adapt an operation state in one or more of time/frequency/spatial/power domains. For example, there are transmissions or receptions by a serving gNB that are always expected by UEs, such as downlink transmissions of SS/PBCH blocks, system information or CSI-RS, and uplink receptions of PRACH or SRS, etc. Reconfiguration of a network operation state involves higher layer signaling by a SIB or by UE-specific RRC. That is a slow process and requires substantial signaling overhead, particularly for UE-specific RRC signaling. 
Observation 1: In present networks, reconfiguration of a network operation state involves higher layer signaling by a SIB or by UE-specific RRC which is a slow process and requires substantial signaling overhead.
Due to the above reasons, it is currently not possible for a network to adapt its operation parameters, suspend transmissions/receptions, or operate with reduced capability for several tens or hundreds of milliseconds. Thus, adaptation of a network operation state is typically over long time periods, such as for off-peak hours when an amount of served traffic is small, and for peak hours when an amount of served traffic is large. It is the lack of procedures for a serving cell to perform fast adaptation of operation parameters with possibly small signaling overhead while simultaneously informing all UEs, to adapt its operations to the traffic types and load, or to conserve energy when an impact on service quality would be limited or none.   
Observation 2: Currently, there are no procedures for a serving gNB to perform fast adaptation of a network operation state with small signaling overhead.
It is also beneficial to support a gradual transition of network operation states between a maximum state where the network operates at its maximum capability in one or more of a time/frequency/spatial/power domain and a minimum state where the network operates at its minimum capability or the network enters an inactive state. That would allow continuation of service while the network transitions from a state with larger utilization of time/frequency/spatial/power resources to a state with lower utilization of such resources.
Figure 1 describes the general principle for adaptation of network operation states, in which a serving gNB indicates to a UE a set of network operation states by higher layer signaling and transmits a PDCCH that provides a DCI format indicating an index among the configured network operation states such that the UE can determine updated network operation parameters.
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[bookmark: _Ref101439428]Figure 1 Example of NW operation state transition
A serving gNB provides to UEs by higher layer signaling, e.g., via a SIB or UE-specific RRC, a set of network operation states. Each state includes a list of network operation parameters related to transmissions or receptions on serving cells in time, frequency, spatial, or power domains. For example, in time domain, different network operation states can be associated with different SS/PBCH block periodicities, SS/PBCH block positions in time, or presence of SS/PBCH block groups. In frequency domain, different network operation states can be associated with different frequency domain locations and/or bandwidths for transmission and reception. In spatial domain, different network operation states can be associated with different number of MIMO layers, number of antenna ports, or active TRPs, which can be indicated via CORESET pool index. In power domain, different network operation states can be associated with different power levels for SS/PBCH block, NZP CSI-RS, or PDSCH.  
The serving gNB transmits one or more PDCCHs that include respective DCI formats indicating to UEs one or more indexes of elements in the set of configured network operation states. The serving gNB can also provide to UEs by higher layer signaling a set of one or more timer values. After the timer expires before the serving gNB transmits another PDCCH with respective DCI formats to indicate another network operation state, the network operation state becomes a default one that can be provided by higher layer signaling.    
Proposal 1: Support adaptation of network operation states in time/frequency/spatial/power domains by configuring a set of network operation states to UEs via higher layer signaling and indicating an active state via physical layer signaling to UEs for determining updated network operation parameters.
3 Time domain technique
1 
2 
3 
Network states transition in time domain
A gNB may not always maintain the same network state due to the traffic change. This motivates to support transition between network states in time domain. Moreover, the gNB may serve different traffic types for a same UE or for different UEs in a cell. For periodic traffic, semi-static switching of network states can be a good choice. The slot format configuration can be considered as a reference for designing semi-static switching of network states. An illustration of the examples for semi-static switching of network states is given in Figure 2. “State 1” and “State 2” are both network states, either non-energy-saving state (normal state) or energy-saving state, and “Flexible State” can be a network state with similar functionality as a flexible slot in the slot format configuration.


Figure 2 Illustration of semi-static switching of network states.
For aperiodic traffic, semi-static switching may not appropriate and dynamic switching of network states should also be considered. Dynamic switching can provide more flexible states transitions and can achieve larger network energy savings for random traffic. Joint operation of semi-static switching and dynamic switching can also be considered, for example as for the slot format configuration in Rel-15, including their relationship when both are supported. Referring to Figure 2 for an example, a dynamic indication of network state transition can indicate switching from State 1 to State 2 or switching from State 2 to State 1. 
The issue was also discussed in RAN2 and the following agreements were made in RAN2#119bis.
	Agreements 
=>  Periodic DTX is assumed as a baseline.  The gNB provides indication to UE about NW DTX mode/configuration via dedicated dynamic L1/L2 signaling. 
=>  Dynamic L1/L2 group signalling from NW to provide NW DTX mode/configuration is also considered in RAN2
=>  It is beneficial to align UE DRX with network DTX and DRX alignment among multiple UEs.  Details are FFS, including UE transmission/reception behavior during DTX.  RAN2 to study the alignment.   


To support semi-static and/or dynamic switching, the Rel-15 procedure for semi-static slot configuration and/or dynamic slot format indication can be reused to configure/indicate network energy saving states. It is also possible to reinterpret semi-static slot configuration and/or dynamic slot format indication. For example, for DL, DL symbols can be considered as cell ON, UL and/or flexible symbols can be considered as cell OFF. For UL, UL symbols can be considered as cell ON, DL and/or flexible symbols can be considered as cell OFF.
[bookmark: OLE_LINK7]For an FDD cell, semi-static switching and dynamic switching for network states transition should apply to single cell case as baseline and can be extended to multiple cells. For a TDD cell, the network states transition (cell DTX/DRX) can apply either jointly or separately to DL and UL. Separate network states transition for DL and UL can provide better flexibility while joint network states transition for DL and UL may be simpler for specification.
[bookmark: OLE_LINK6]Proposal 2: Support semi-static and dynamic switching for network states transition (cell DTX/DRX) of a serving cell.
· For a TDD band, network states transition (cell DTX/DRX) can apply jointly or separately to DL and UL.
Adaptation on periodic/semi-persistent receptions/transmissions
NR system supports periodic/semi-persistent (p/sp) physical layer resources in both UL and DL. The p/sp physical layer resources are essential for supporting link quality or mobility maintenance. In the DL, a UE can be configured with periodic SSBs or p/sp CSI-RS resources for channel measurement or RRM measurement. In the UL, NR supports p/sp SRS resources for channel sounding. Moreover, the UE can be provided with p/sp physical layer resources, e.g. PUCCH for p/sp CSI report, and/or SR. 
Rel-17 supports adaptation on the p/sp physical layer resources by higher layers such as by RRC reconfiguration and (de)activation/release via MAC CE. For RRC-based reconfiguration, the signaling overhead and the energy consumed by a gNB can be large. Furthermore, as RRC or MAC CE based adaptation is per UE, a latency to provide such adaptation to all UEs or to large group of UEs is large. 
Observation 3: Rel-17 requires large signaling overhead and latency to adapt time domain resources for p/sp physical layer resources via RRC reconfiguration or semi-static (de)activation per UE.
To reduce NW energy consumption, overhead, and latency for adaptation on p/sp physical layer resources, it is beneficial to introduce cell-specific or UE group specific adaptation for the p/sp physical layer resources in both DL and UL. For example, the gNB may want to extend the periodicity for non-serving cell SSBs or for all p/sp CSI-RS resources  in order to reduce energy consumption for background activities. Therefore, one adaptation aspect to consider can be for time domain configurations, such as for a periodicity. For another example, a group of p/sp CSI-RS resources can be configured to be measured by a group of UEs and the gNB may want to deactivate the group of p/sp CSI-RS resources when the preferred beams for the group of UEs change. Instead of deactivating each of the group of CSI-RS resources to each UE, it is preferable to multicast to the UE group a deactivation indication. Thus, another adaptation aspect to consider can be the availability information for the p/sp physical layer resources. 
Proposal 3: Support cell-specific/UE group common dynamic adaptation for periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
For network energy savings, applicable scenarios should include both single cell and multiple cells. Techniques for PCell energy saving can be prioritized since PCell is for coverage, the transmitting power could be large for macro cells, or an SCell for one UE can be a PCell for another UE. If SSB transmission reduction can apply for the PCell, a large energy saving gain can be obtained. For example, SSB can be transmitted with a larger periodicity or some SSB transmissions can be muted during gNB OFF state. Assuming SSB transmission pattern can be known by RRC to idle/inactive UEs and initial access UEs, the potential impact on initial access and mobility measurements needs to be considered. In addition to reducing some SSB burst sets, reducing some SSBs within a SSB burst set can also achieve network energy saving gain. The ROs associated with the muted SSB index can be muted as well, assuming the Rel-17 SSB-to-RO association. If the network indicates the SSB muting pattern within a SSB burst set, a UE can skip beam measurements on a muted SSB and skip PRACH transmissions on corresponding muted ROs.
Proposal 4: Support adapting the SSB transmission pattern.
Adaptation of DTX/DRX
For a UE configured with C-DRX, the UE is configured with a ON duration within a C-DRX cycle. In practice, the gNB usually configures the same C-DRX cycle among UEs and multiple ON durations to distribute UEs in time domain. From the gNB perspective, C-DRX can also achieve NW energy savings if the gNB can always align the OFF periods for all UEs in a same location. However, such scenario may not always happen in practical implementations. 
In Rel-16, a DCI format 2_6 was introduced to wake up UEs for a next ON duration. As illustrated in Figure 3, some ON durations can be cancelled by Rel-16 WUS due to no traffic for the associated UEs, e.g., onDuration#2 and onDuration#4 are cancelled. In this scenario, the gNB may need to wake up multiple times for the non-contiguous ON durations, e.g., onDuration#1 and onDuration#3, which introduces additional transition energy to switch between ON and OFF on the gNB side. 


[bookmark: _Ref101439599]Figure 3 Illustration of legacy C-DRX operation. 
Observation 4: Legacy C-DRX results in large transition energy consumption when gNB wakes up multiples times to process non-contiguous ON durations.
Moreover, C-DRX is configured per UE based on RRC signaling. For the configuration of C-DRX, there is a tradeoff between NW energy savings and UE performance, such as scheduling delay. For example, a large C-DRX cycle is preferred for NW energy savings, but it will increase latency. For NW energy savings, it is beneficial to provide the gNB the flexibility to dynamically adapt the C-DRX configuration, e.g. C-DRX cycle, onDurationTimer, and inAcitivityTimer, per group of UEs. 
Observation 5: There is a tradeoff between NW energy savings and UE performance for C-DRX configuration. Rel-17 requires large signaling overhead to adapt C-DRX configuration via RRC signaling per UE.
Based on the above discussion, it is beneficial to introduce dynamic adaptation on C-DRX per group of UEs or per cell for NW energy savings. One adaptation aspect to consider is dynamic start of DRX ON duration such that the gNB may not need to have unnecessary transition duration within the C-DRX cycle, and the ON durations for multiple UEs can be consecutive. Another adaptation aspect can be the C-DRX configuration, e.g., C-DRX cycle, and onDuration. 
Proposal 5: Support UE group-specific dynamic adaptation of C-DRX to align or concatenate ON durations for NW energy saving.
Wake up of gNB triggered by UE wake up signal (WUS)
If a gNB is in an energy saving state (e.g., cell OFF), the UE may not be able to transmit periodic/semi-persistent UL channels. For UL latency sensitive traffic, the latency requirements may not be satisfied if the energy saving state is not properly configured/indicated. For example, the UE may wait a long time to transmit an SR or CG PUSCH after switching to the normal state (e.g., cell ON). To reduce UL latency, WUS can be used as an UL indication of network energy saving states transition. For example, if latency sensitive or high priority traffic arrives at the UE, the UE can transmit WUS to wake up the gNB or to indicate subsequent UL transmissions. The gNB only needs to detect the wake up request and can then switch to the normal state to receive other UL transmissions. 
For multiple cells, if any cell is ON for the UL, a UE does not need to transmit the WUS. Instead, the UE can provide a BSR report. For time domain network energy savings, a typical case is that gNB first turns off all SCells before turning off the PCell for a UE and the UE may only transmit the WUS when the PCell/PSCell is turned off. After transmitting the WUS, the UE may assume that the gNB would wake up and then UE can transmit the semi-static configured UL channels, e.g., SR, CG PUSCH. One potential risk is that gNB may miss the WUS and therefore miss the subsequent UL transmissions. An alternative way is that UE monitors a PDCCH carrying an ACK for WUS after transmitting WUS. After receiving the ACK, UE and gNB can have the same understanding regarding the network energy saving states. The ACK for WUS can be an explicit indication or implicit indication by UL grant. In our companion contribution [2] provides results of WUS based mechanism and shows that WUS can be beneficial for both network energy saving and UL latency reduction.
Proposal 6: Support WUS for PCell/PSCell network energy saving state. The following options can be considered.
· Option 1) UE transmits semi-static configured UL channels X symbols after transmitting WUS.
· Option 2) UE monitors PDCCH carrying an ACK for WUS after transmitting WUS.
For the WUS transmission, one way is to reuse an existing channel, for example, PUCCH-SR or PRACH. Another way is to introduce a new UCI type to indicate the WUS.
Proposal 7: The following channels can be considered to carry the WUS. 
· PUCCH with SR or a new UCI type.
· PRACH.
Comments and modification to TP 
In the FL summary [1], time domain techniques for network energy savings were summarized into five categories. Our comments for the TP are summarized as follows: 
For Technique #A-2: 
‘Dynamic adaptation’ can be misleading, it can be interpreted as adaptation indicated by L1 signalling, semi-static adaptation should also be considered. It is suggested to remove ‘dynamic’
‘periods of low activity’ is not clear, it is suggested to align with RAN2’s terminology ‘non-active period’ which has been captured in the TR 38.864.
For Technique #A-3: 
The background is not clear. With or without WUS, gNB can go to an inactive state, the difference is that WUS can help increase the opportunity of staying in the inactive sate. In addition, ‘outside of the WUS monitoring occasions’ is not necessary, gNB state does not depends on WUS monitoring as clarified by ‘A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.’
For Technique #A-4: 
This technique has already been captured in the TR 38.864 during RAN2’s discussion. Coordination with RAN2 is necessary.
Proposal 8: Consider the following changes to the TP for the TR
· Technique #A-2: Dynamic adaptationAdaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity non-active period.
· Potential list of UE specific resources are CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptationAdaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennelschannels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
· RAN3:
· RAN4:
· FFS

· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might have a larger opportunity to go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions.). A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS
4 Frequency domain technique
4 
Multi-carrier operation
For multi-carrier operation, the following three scenarios can be supported up to Rel-17: 
· Scenario 1: For each of the carriers, there is a separate cell-defining SSB, a UE can choose any of the carrier as PCell to perform initial cell search, and the gNB can configure a SCell for the UE on the other carriers.
· Scenario 2: There is one cell-defining SSB on one of the carriers there are non-cell-defining SSBs on the rest of carriers, a UE can choose the carrier with the cell-defining SSB as PCell to perform initial cell search, and the gNB can configure a SCell for the UE on the other carriers.
· Scenario 3: There is one cell-defining SSB on one of the carriers, there is no SSB on the rest of carriers, a UE can choose the carrier with cell-defining SSB as PCell to perform initial cell search, and the gNB can configure the other carrier as a SCell for the UE. This scenario only applies for intra-band CA where the SSB on the PCell can be used for timing and QCL assumption of the SCells.
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Scenario 1
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Scenario 2
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Scenario 3
Figure 4 SSB transmission in multi-carrier operation.
In order to support Scenario 3, RAN4 specified detailed requirements on the carriers for intra-band CA (TS 38.133): 
· Contiguous carriers (e.g., requirement on the frequency distance);
· RTD (round trip delay) difference;
· Reception power difference;
· RS on the SCell is QCLed with SSB/RS on the PCell.
For Rel-18 network energy savings, similar investigation needs to be performed by RAN4 first to support inter-band CA (i.e., Technique #B-1 in the FL summary [1]) before RAN1 starts to investigate potential solution to support inter-band CA. 
Proposal 9: For supporting inter-band CA, at least the following requirements among the carriers need to be defined (can be within RAN4’s scope if the normative work is agreed): Synchronization, frequency distance, reception power difference, QCL assumption.
Adaptation of BWP
To save network energy, RAN1 considers semi-static or dynamic switching among network operation states in the time domain for a gNB (see Section 3 of this contribution) such that the gNB can align the time domain resources for UEs and maximize a time period to save energy. Similar considerations can apply to the frequency domain: when the gNB is operating in an energy saving state, it can configure a dedicated BWP and perform transmissions/receptions, e.g., for a particular set of signals/channels, over the dedicated BWP for network energy savings (i.e., Technique #B-2 in the FL summary [1]). By doing so, the gNB can align the frequency domain resource for all the serving UEs into the same dedicated BWP, e.g., in a dynamic or semi-static way, which can effectively reduce the operating bandwidth and reduce the gNB’s energy consumption. 
The gNB can adjust the bandwidth of the BWP based on the traffic load: when traffic is light, the gNB can operate with a narrow bandwidth while, when traffic increases, the gNB can use a large bandwidth to transmit/receive data. This procedure may require BWP switching. A consequence of BWP switching may be that the gNB needs to reactivate the configured SPS/Type-2 CG PUSCH. To save energy, a gNB can omit a reactivating DCI similar to Type-1 CG PUSCH transmission. As a result, power consumption for PDCCH transmissions can be avoided. In addition, the gNB does not need to monitor the PUCCH with HARQ-ACK for the activating DCI of SPS PDSCH or PUSCH with MAC CE confirmation for the activating DCI of Type-2 CG PUSCH. Then, power consumption for decoding PUCCH/PUSCH can be reduced as well. Furthermore, an opportunity/time that the gNB stays in the inactive state by reducing the transmitting/receiving occasions also increases.
Proposal 10: Support adaptation of BWP for UEs within a carrier (i.e., Technique #B-2). Support SPS PDSCH reception/Type-2 CG PUSCH transmission without reactivation after BWP switching.
Comments and modification to TP 
In the FL summary [1], the frequency domain techniques for network energy saving were summarized into three categories. Our comments for the TP are summarized as follows: 
For Technique #B-1: Multi-carrier energy savings enhancements, it’s not clear supporting RACH procedure on SSB-less SCell can improve the power consumption. Without sufficient justification of the motivation and gain, we don’t recommend it to be captured in the TR. 
Based on above comments, we propose the following modifications to the TP: 
Proposal 11: Consider the following changes to the TP for the TR
Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· Impact on procedure for dynamic Pcell switching
· RAN3:
· RAN4: FFS
5 Spatial domain technique
Network energy savings could be achieved by focussing RF energy in spatial directions as per user distribution. In the spatial domain, large scale channel properties are governed by beams, while small scale properties vary on a per antenna port basis. Antenna ports can be associated with CSI-RS resources. Mapping of antenna port or CSI-RS port to TxRU (transmitter unit) and TxP (transmit panel) are relevant for the purposes of efficient beamforming and realizing network energy savings.
[bookmark: _Hlk118377492]The gNB may turn off a subset of antenna ports, panels, and/or TRPs in one network operation state and turn the subset, or a different subset, back on in another network operation state. A UE can be provided from a serving gNB by a higher layer signalling a set of network operation states. Each state includes a list of network operation parameters related to a CSI codebook construction including a set of active antenna ports due to adaptations of antenna elements, TxRUs panels, and/or TRPs. The UE can then be indicated by the serving gNB an active network operation state, e.g., via PDCCH providing DCI, such that the UE can determine an updated 2-D antenna array layout. 
Proposal 12: Support adaptation of network operation states in spatial domain by configuring a set of network operation states that include a set of active antenna ports via higher layer signaling and by indicating an active network operation state to UEs via PDCCH providing DCI.
CSI-RS port for beam management is an important element for the purpose of realizing network energy savings. CSI RSRP is the power contribution of the antenna port(s) on the resource elements that carry CSI reference signal configured for RSRP measurements within certain frequency bandwidth in the configured CSI-RS occasions. For RSRP determination, CSI reference signals transmitted per antenna port are considered. CSI-RS port for feedback is another important element for link adaptation based on CSI information. CSI-RS ports used for CSI feedback are tightly associated with codebook design; therefore, feedback information with respect to the choice of codebook should be considered for enhancements in network energy saving techniques.
CSI-RS (BM) and CSI-RS (CSI acquisition) port adaptation should be extended to m-TRP scenario for beam management and CSI-feedback. gNB can decide ports to be muted or adapted at each TRP and the should provide a corresponding indication to UEs associated with one or more TRPs. Port muting at TRP could also result in TRP muting, which will impact m-TRP procedures such as s-DCI to m-DCI switching, PDCCH monitoring, PDCCH repetition, TCI reconfiguration, change in UE association, etc. CSI ports are associated with TxRU(s) within a panel or panels within a TRP or across multiple TRPs. Muting of panels is a simple operation that can offer large gains in certain scenarios.
A few spatial domain techniques are outlined in the following subsections.
5 
CSI-RS port adaptation
Based on the UE distribution or UE traffic requirements, CSI-RS (BM) and CSI-RS (CSI acquisition) port configuration with s-TRP and m-TRP should be considered for enhancements with respect to port muting, power adaptation and beam adaptation.
Port muting: Dynamic muting of port (defined as Type 1 in FL summary), where all spatial elements related to logical antenna ports can be muted.
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Figure 5 Example of antenna port on/off between NW operation states
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Figure 6 Example of antenna panel on/off between NW operation states
Figure 5 and 6 illustrate examples of antenna ports and panel on/off between network operation states. The UE can be indicated by the serving gNB about CSI-RS port structure when all the antenna ports/panels are turned on, and one or multiple CSI-RS port structures when a subset of ports/panels are turned off. Such indication may be included in the IE CodebookConfig or in an IE for network operation state configuration.
Proposal 13: Support higher-layer signalling to indicate to a UE the CSI-RS port structure when all antenna ports/panels are turned on, and one or multiple CSI-RS port structures when a subset of ports/panels are turned off, and physical-layer signalling to indicate to the UE an active CSI-RS port structure.
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Figure 7 Example of TRP on/off between NW operation states
Figure 7 illustrates an example of TRP on/off between network operation states for the case of two TRPs. In a first network operation state, all TRPs indicated to a UE can be turned on while in a second network operation state a subset of TRPs can be turned off. The indication to turn on or turn off a TRP for a serving cell can be via an indication for whether a CORESET with a coresetPoolIndex value associated with the TRP, although implicitly in Rel-17, is available or unavailable for PDCCH receptions, respectively. A UE can be indicated by the serving gNB a set of active TRPs in the corresponding network operation states. Such indication may be included in the IE CodebookConfig or in an IE for NW operation state configuration.
Proposal 14: Support indicating a UE the set of active TRPs using coresetPoolIndex associated with each TRP.
Port power adaptation: Port power adaptation can be defined as adaptation of power on spatial elements (TxRU, Panel, TRP) or antenna ports. Power scaling/offset values for spatial elements, including antenna ports, panels, and TRPs, is a preferred solution. For a system with network operation state adaptation, SSB and/or CSI-RS may be transmitted with reduced power on a serving cell during some configured occasions falling in certain network operation states. L1 measurements taken during such network operation states should be compensated prior to performing L3 filtering to avoid any unintended RRM reporting from UEs. This can be done via indicating UEs different power levels of SSB and/or CSI-RS, or scaling factors to be multiplied to L1 measurements taken for network operation states prior to L3 filtering. 
Proposal 15: Support power-level adaptation for transmitting SSB and/or CSI-RS and study signalling to indicate to a UE different power levels in different network operation states or scaling factors to be multiplied to L1 measurements taken for network operation states prior to L3 filtering.
Beam adaptation: As mentioned under Type 2 adaptation in FL summary, partial muting of spatial elements associated with antenna ports impacts the beam pattern. It is possible to mute and unmute a subset of spatial elements with power adaptation on associated antenna ports.
CSI-RS (BM) and CSI-RS (CSI acquisition) port muting avoid UE measurements on muted port(s), thereby contributing to UE energy savings. In case there are no UEs in the beam area or UEs with low traffic load, then NW energy saving gains can be accrued via port muting, power adaptation and beam adaptation without incurring any negative impact on RSRP or CSI measurements. However, the UE should be informed about the CSI-RS port adaptation to avoid unnecessary power measurements or triggering of unnecessary measurement procedures.
CSI-RS port adaptation can be broadly categorized as follows:
· NW triggered port adaptation
· NW triggered port adaptation based on UE feedback
NW triggered port adaptation
Dynamic muting of ports 
A NW can mute CSI-RS ports and indicate a new CSI-RS configuration to UEs. This mechanism ensures uniformity of muted port(s) across UEs at the cost of associated signaling overhead.
For CSI acquisition, port muting would result in reduction in dimensionality of channel and oversampling factor, which should be indicated to the UEs. CSI-RS configuration and codebook specific information will be different for each codebook.
Power adaptation and beam adaptation
A NW can perform power adaptation on the CSI-RS ports and indicate the new CSI-RS configuration to the UEs. This mechanism ensures adaptation of power on CSI-RS ports (non-)uniformly across the UEs.
Further, a NW can perform beam adaptation on a subset of CSI-RS ports and mute only a subset of CSI-RS ports. The NW could apply beam adaptation across CSI-RS (BM) ports (non-)uniformly with different beam-width scaling factors with muting on subset of CSI-RS (BM) ports; and the same should be indicated to the corresponding UEs.
For CSI acquisition, power/beam adaptation would result in change of coefficients and oversampling factor for CSI information, which are specific to the codebook. m-TRP operation should be considered for NW triggered CSI-RS port adaptation for C-JT and NC-JT scenario.
NW triggered port adaptation with UE feedback
Dynamic muting of ports
A NW can identify CSI-RS ports that are candidate for muting and can indicate those CSI-RS ports to the UEs. UEs, in turn, can indicate their preference on muting of CSI-RS ports. The NW mutes CSI-RS ports based on the received indications from the UEs. For CSI acquisition, port muting will impact the dimensionality of channel and oversampling factor.
Power adaptation and beam adaptation
A NW identifies CSI-RS ports that are candidate for power adaptation and the list is indicated to the UEs. UEs indicate their preference on power adaptation of CSI-RS ports. Upon the indications from the UEs, the NW applies CSI-RS port power adaptation using a scaling factor.
In addition, the NW can identify CSI-RS ports that are candidate for beam adaptation and indicate the list to the UEs. UEs indicate their preference on beam adaptation of CSI-RS ports. Upon the indications from the UEs, the NW applies beam adaptation on a subset of CSI-RS ports using a scaling factor, while muting other CSI-RS subset ports as communicated among UEs and gNB.
m-TRP operation should be considered for NW triggered UE feedback based port adaptation for C-JT and NC-JT operation.
For CSI acquisition, port power and beam adaptation will impact the beam-combining coefficients and are specific to the codebook.
Proposal 16: Support to dynamically mute CSI-RS ports for NW energy savings.
Proposal 17: Support power adaptation on CSI-RS ports for NW energy savings.
Proposal 18: Support beam adaptation on CSI-RS ports for NW energy savings.
Proposal 19: Support CSI feedback reporting enhancements for each codebook, namely Type-1 (R15), Type-2 (R16), eType-2 (R17 Port-selection) with dynamic adaptation of spatial elements.
Proposal 20: Support both s-TRP and m-TRP scenarios for adaptation on CSI-Ports for NW triggered operation.
Transition between network operation states. 
It is equally important to have a recovery procedure for muted ports by switching to another network operation state, after completion of configured NW energy-saving operations.
A NW can indicate unmuted ports without depending on any explicit UE assistance information, which avoids additional signalling. Also, this mechanism can be used in case of port power-adaptation and beam-adaptation techniques too. 
Based on the UE assistance information or received measurements reports, a NW can choose and indicate ports that can be unmuted. This mechanism should ensure incremental and on-demand unmuting of ports in response to provided UE assistance information for efficient NW energy saving operation. This mechanism can also support recovery from CSI-RS port power and beam adaptation techniques by signalling new power offset/scaling factors on a per-port or port-subset manner.
The above is applicable both for s-TRP and m-TRP operation of beam management and CSI feedback.
Proposal 21: Support recovery procedures for the spatial-domain techniques for switching to another network energy saving configuration or normal network power state after completion of configured network energy saving operation.
Other considerations
As previously noted, NW energy saving operation can result in frequent CSI and TCI reconfigurations and RRC reconfiguration is not appropriate due to energy consumption, overhead, and latency. Dynamic signaling using DCI and/or MAC CE should be considered.
Proposal 22: Support DCI based signalling for CSI-RS and TCI reconfiguration of NW operating states.
Above NW energy saving methods like port muting, power adaptation and beam adaptation are likely to change the large-scale fading observed at the antenna ports, potentially impacting the TCI configuration, whereas the CSI-RS ports represent the observed small-scale fading. It is quite likely that changes in the CSI-RS port configuration will require changes to the associated TCI states.
It is possible to identify and configure TCI state and its QCL relation with CSI-RS and other RSs, subsequently needing CSI-RS reconfiguration. However, mapping of TCI and CSI-RS ports could be investigated for efficient NW energy saving operation.
Proposal 23: Support TCI to CSI-RS port mapping for fast reconfiguration during NW energy saving operation.
During m-TRP operation, TRP adaptation would impact procedures like s-DCI/m-DCI scheduling, PDCCH monitoring, PDCCH repetition, PDCCH-SFN, and TCI indication. For example, TRP muting triggers implicit switching between m-TRP and s-TRP modes, and therefore has an impact on aforementioned procedures.
For s-DCI based m-TRP operation, a single DCI schedules PDSCH from both TRPs. Each TRP has a CORESET pool where a TCI state is associated with a CORESET or subset of CORESETs. In case of simultaneous transmission from both TRPs, the CORESET or subset of CORESETs is associated with more than one TCI states. In m-DCI case, CoresetPoolIndex is specified for each TRP while s-DCI does not have such CoresetPoolIndex in Rel-17, although efforts are ongoing in Rel-18 to specify CORESET-group for each TRP. 
TRP muting triggers switching from m-DCI to s-DCI mode with s-DCI scheduling for only one TRP, i.e CORESET or subset of CORESET are associated with TCI of unmuted TRP. This also impacts QCL of RS for TCI state of unmuted TRP and beam application time (BAT) to adapt new configuration. 
In Rel-17, a CORESET or a subset of CORESETs associated with each TCI can be linked to USS/CSS sets. A UE monitors PDCCH repetitions in frequency and time domain across TRPs based on CORESET association of TCI from each TRP. TRP muting has an impact on PDCCH monitoring, blind detection, soft combining for repetitions across TRPs, PDCCH-SFN transmission from one TRP and beam application time (BAT) to adapt new configuration.
Proposal 24: Support switching between m-TRP and s-TRP modes with muting/unmuting of TRP(s) during multi TRP operation. 
Comments and modification to TP 
For Technique #C-1:
· Fine with agreed elements. 
· All spatial elements considered during the study phase should be listed in the TP since network antenna implementations can vary widely. Post evaluation might be a good time to decide which elements/techniques are the most promising.
· Remove duplicated proposals in “Other Aspects (not part of agreement)” and update current text to clarify existing proposals. 

For Technique #C-2:
· Fine with agreed elements. 
· m-TRP adaptation will have impact on operation like s-DCI/m-DCI scheduling, PDCCH monitoring, repetitions and PDCCH-SFN due to forced switch between m-TRP to s-TRP and vice versa. 

Based on above comments, the following modifications to the TP are suggested:
Proposal 25: Consider the following changes to the TP for the TR
· Changes for other aspects are provided while no changes on the main description
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· RLM or RRM measurement from adaptation changes to spatial element configuration.

· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:

Other Aspects (not part of agreement) 
Technique #C-1: Dynamic adaptation of spatial elements
· gNB may conserve energy by reducing the number of spatial elements e.g.: active transceiver chains of subarrays, antenna elements, panels, TRPs.
· Adaptation can be further categorized into following types:
· Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource (set).
· Type 2: enable and/or disable of part of spatial elements associated to a logical antenna port(s).
· Note: May need to consider power adaptation on the spatial elements associated with the antenna ports/RS configuration
· Potential enhancements to UE behaviors due to dynamic port adaptation, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
· Techniques including conditions/criteria for UE measurements and feedback to gNB for (de)activation and/or adaptation of antenna ports.
· For example, UE compares the rank/SINR/CSI levels of the current link to gNB configured thresholds. Once the UE detects that the condition is met, it can request/measure for additional reference signals for further measurement/reporting. 
· UE feeding back antenna muting pattern recommendations to the gNB. CSI reporting enhancement on muted or adapted spatial elements/patterns, etc. should be considered for assistance information feedback to the gNB.
· optimized CSI reporting contents to provide compact CSI feedback for different muting hypotheses 
· UE feeds back indication to trigger spatial element adaptation
· Potential specification impact:
· The related changes in spatial domain caused by spatial element adaptation should be indicated/configured to the UEs for the spatial adaptation of gNB/cell power state. Mechanisms to trigger gNB/cell power state and to recover back intoswitch to another network energy saving configuration or normal network power state after completion of configured network energy saving operation should be supported. 
· This may include enhancements to CSI-RS/report configurations to contain multiple configurations for different gNB/cell operation states and dynamic triggering of one of such configurations. 
· Type 1 and Type 2, and Type 3 adaptation may have impact on measurement operation (if dynamic spatial elements adaptation will impact CSI-RS, SSB ...), so the potential enhancement may include 
· CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements, e.g. UE behavior enhancement.
· Introduction of group-based reconfiguration of various reference signal resources, measurement, reporting, which may be RRC-based or MAC-CE based or by other physical layer indication.
· Support of light-weight mechanisms such as DCI/MAC-CE-based, that allow fast spatial domain related reconfiguration and group-common L1 signaling due to spatial element adaptation, such as dynamic/semi-persistent ON-OFF of CSI-RS.
· This may include enhancements to CSI-RS/report configurations to contain multiple configurations for different gNB/cell operation states and dynamic triggering of one of such configurations.  
· Enhanced CSI measurement/reporting to support multiple CSI-RS resource measurement/reporting
· Dynamic adaptation of spatial elements with Type 1 and 2 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements, e.g. UE behavior enhancement.
· Signaling details to indicate changes of the number of active transceiver chains or spatial elements
· Enhancements to CSI measurement and feedback, BRF, RLM, and RRM.
· Support L1/L2 signaling to inform UE on parameter configurations (e.g., downlink power allocation, TCI state, RS for path loss measurement etc.) to be used with respect to the spatial parameter change.
· Type 1 and Type 2, and Type 3 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements.
· Introduction of UE-specific/group-based reconfiguration of various reference signal resources, measurement, reporting, which may be RRC-based or MAC-CE based or by other physical layer indication.
· CSI-RS/reporting reconfiguration to UEs for dynamic adaptation of spatial elements.
· Optimized CSI reporting contents to provide compact CSI feedback for different muting hypotheses.
· Support of light-weight mechanisms such as DCI/MAC-CE-based group-common L1 signaling, that allow fast spatial domain related reconfiguration and group-common L1 signaling due to spatial element adaptation, such as dynamic/semi-persistent ON-OFF of CSI-RS within an active configuration.
· Adaptation of subset/number of ports for CSI-RS resources can be efficiently indicated to group of UEs and indicating change by UE-specific/UE-group common signaling.
· This includes dynamic adaptation of parameters associated with a NZP-CSI-RS resource such as powerControlOffsetSS, powerControlOffset, etc
· UE feeding back antenna muting pattern recommendations to the gNB. CSI reporting enhancement on muted or adapted spatial elements/patterns, etc. should be considered for assistance information feedback to the gNB
· Additional consideration/aspects (including any impact to legacy UEs, if any)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, if the technique is applied to the broadcast channels and signals, approaches such as power boosting should be considered to guarantee cell coverage.
· Type 2 adaptation may result in changes to the antenna pattern, gains, TCI states, and/or transmission power of the reference signal or channel that uses the antenna port(s)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, the technique is not applicable to the broadcast channels and signals.

Technique #C-2: Dynamic adaptation of TRPs in mTRP
· This may also include signaling of the adaptation of TRPs in mTRP, e.g. by utilizing group-level or cell common signaling.
· Potential specification impact:
· Technique may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Support enhancements to UE behaviors due to dynamic adaptation of TRPs, e.g., measurements, CSI feedback, power control, PDCCH/PUCCH/PUSCH/PDSCH repetition, single-DCI based scheduling, multi-DCI based scheduling, procedure between m-TRP and s-TRP modes, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc
· Signaling details to indicate muted TRP, e.g., based on TRP index or CORESET pool index
· Type 3 may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Enhancements to CSI measurement and feedback, 
· L1/L2 signalling to inform UE on update for TRP-related parameters due to dynamic TRP on/off. 
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, the technique is not applicable to the broadcast channels and signals especially when the adaptation of the spatial elements is applied across active TRPs. 
· It is desired that enhanced beam reporting maintains same or similar configuration signaling overhead and measurement time compared to Rel-17 group based beam reporting.

6 Power domain technique
6 
Adaptation of transmission power of signals and channels
A gNB determines the downlink transmit EPRE, i.e., power spectral density (PSD). For example, SSB, CSI-RS and PDSCH can be configured with a specific EPRE with reference to each other. In order to achieve network energy savings and to capture the various network operations, a flexible adaptation to the downlink transmit EPRE would be beneficial (i.e., Technique #D-1 in FL summary [1]). In this case, UE measurements and corresponding procedures should not be impacted from the potential measurement ambiguity. Zero power can be seen as a special case of transmission power adaptation and can, for example, be considered as a deactivated SCell (in case of CA) or TRP muting (in terms of spatial domain technique).
Proposal 26: Support technique #D-1 (adaptation of transmission power of signals and channels) for network energy savings.
Joint adaptation of transmission bandwidth and power
gNB transmission bandwidth and power spectral density can be jointly adapted. The following configurations can be possible:
· Configuration A (PSD reduction + keeping bandwidth): transmission bandwidth, BWA, and power spectral density, PSDA
· Configuration B (Keeping PSD + bandwidth reduction): transmission bandwidth, BWB, (BWB < BWA) and power spectral density, PSDB (PSDA < PSDB)


Figure 8 Joint adaptation of gNB transmission bandwidth and power spectral density.
Both configurations A and B can provide NW energy saving gains. For a given data rate (low to medium), configuration B would maintain coverage with reduced energy consumption. Configuration A would provide larger capacity over Configuration B while it may incur reduced coverage due to reduced PSD. In terms of signalling, the adaptation can be either cell-specific or UE group specific. There would be valid ranges for PSD and bandwidth in order to maintain minimum performance requirement. 
Observation 6: For a given data rate (low to medium), a combination of power and frequency domain adaptation would provide a balance between energy savings and system performance.
Proposal 27: Support joint adaptation of gNB transmission bandwidth and power spectral density to maintain system performance, e.g., coverage.
Other power domain techniques 
The FL summary in [1] captured additional power domain techniques (#D-2, #D-3, #D-4 and #D-5) including gNB digital pre-distortion, adaptation of transceiver processing algorithm, PA backoff adaptation, and UE post-distortion. All those examples are implementation oriented. Therefore, the specification support should be justified in comparison with implementation based solution.
Proposal 28: The specification support of #D-2, #D-3, #D-4 and #D-5 should be justified in comparison with implementation based solutions.
Comments and modification to TP
For Technique #D-1: Since BWP adaptation framework includes both semi-static and dynamic BWP switching, the description in the background can be updated accordingly. 
Proposal 29: Consider the following changes to the TP for the TR
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adaptaingadapting the transmission power or PSD of downlink signals and channels
· Background:
· Adaptation of transmission power of signals and channels is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
· The power offset configurations for PDSCH and CSI-RS are BWP-specific, and BWP adaptation framework can be utilized for the adaptation of the settings for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WGS
· RAN2:
· Possible impact on mobility due to dynamic power adaptation of CSI-RS/SSB 
· Configuration and signaling of indication of power related parameters to the UEs
· RAN3:
· RAN4:
· FFS
7 Conclusion
Based on above discussions, we provide the following proposals and observation:
Proposal 1: Support adaptation of network operation states in time/frequency/spatial/power domains by configuring a set of network operation states to UEs via higher layer signaling and indicating an active state via physical layer signaling to UEs for determining updated network operation parameters.
Proposal 2: Support semi-static and dynamic switching for network states transition (cell DTX/DRX) of a serving cell.
· For a TDD band, network states transition (cell DTX/DRX) can apply jointly or separately to DL and UL.
Proposal 3: Support cell-specific/UE group common dynamic adaptation for periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
Proposal 4: Support adapting the SSB transmission pattern.
Proposal 5: Support UE group-specific dynamic adaptation of C-DRX to align or concatenate ON durations for NW energy saving.
Proposal 6: Support WUS for PCell/PSCell network energy saving state. The following options can be considered.
· Option 1) UE transmits semi-static configured UL channels X symbols after transmitting WUS.
· Option 2) UE monitors PDCCH carrying an ACK for WUS after transmitting WUS.
Proposal 7: The following channels can be considered to carry the WUS. 
· PUCCH with SR or a new UCI type.
· PRACH.
Proposal 8: Consider the following changes to the TP for the TR
· Technique #A-2: Dynamic adaptationAdaptation of UE specific signals and channels 
· Reducing/omitting time occasions for the UE specific resources during periods of low activity non-active period.
· Potential list of UE specific resources are CSI-RS, group-common/UE-specific PDCCH, SPS PDSCH, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, CG-PUSCH, SRS, positioning RS (PRS).
· Background:
· The semi-static configured UE specific channels/signals may require gNB for periodic transmission or reception if they are activated. Dynamic adaptationAdaptation of transmission or reception of signals/channels may provide more opportunities for gNB to enter inactive state.
· Except for positioning RS (PRS), the configu-rations for the listed UE-specific sig-nals/chennelschannels are BWP-specific, and BWP adaptation framework can be utilized for dy-namic adaptation for a UE capable of multiple BWPs and dynamic BWP switching
· Potential impact to other WG
· RAN2:
· UE measurement procedure based on periodic CSI-RS
· Configuration and procedures related to enhanced dynamic adaptation of one or more UE-specific signals/channels
· RAN3:
· RAN4:
· FFS

· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
· UE can send an uplink signal to request transitioning of a gNB inactive state to an active state for transmitting or receiving a channel/signal. The technique can be applicable to UEs in one or more RRC states. The UE WUS may be used to trigger the SSB/SIB transmission.
· Can be used in support of other techniques. Exact design may depend on the supported technique.
· Background:
· With the support of WUS, the gNB might have a larger opportunity to go to an inactive state (where it does not transmit nor receive signal/channel or where it only transmits and receives limited signals) outside of the WUS monitoring occasions.). A gNB in an inactive state can transition to an active state for transmitting or receiving a channel/signal upon reception of an uplink signal from the UE.
· Potential impact to other WG
· RAN2:
· Signaling details of wakeup configuration 
· Conditions to trigger WUS transmissions, and any WUS transmission related procedures and behaviors.
· RAN3:
· WUS configuration exchange across neighboring gNBs
· Coordination on determination of gNB state across neighbor gNB that receive WUS
· RAN4:
· FFS
Proposal 9: For supporting inter-band CA, at least the following requirements among the carriers need to be defined (can be within RAN4’s scope if the normative work is agreed): Synchronization, frequency distance, reception power difference, QCL assumption.
Proposal 10: Support adaptation of BWP for UEs within a carrier (i.e., Technique #B-2). Support SPS PDSCH reception/Type-2 CG PUSCH transmission without reactivation after BWP switching.
Proposal 11: Consider the following changes to the TP for the TR
Technique #B-1: Multi-carrier energy savings enhancements
· Background: 
· Intra-band SSB-less Scell operation has already been supported by the current specification
· For supporting of Inter-band SSB-less Scell operation, in case of the cross-carrier synchronization and/or measurement via another serving cell, procedures similar to legacy Intra-band SSB-less Scell operation may be investigated.
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission, also in order for fast activation and deactivation of SCell.
· Enabling of Inter-band SSB-less Scell operation that may include mechanism for UE to trigger normal SSB transmission on a SCell for fast access, where the on-demand uplink triggering signal can be received either at inter-band SSB-less cell or another carrier/cell, and supporting RACH transmission opportunity in SSB -less Scell.
· Dynamic UE-group Pcell switching
· To reduce network power consumption, a common primary cell may be dynamically indicated for a group of UEs. 
· Potential impact to other WGS
· RAN2:
· For inter-band CA with SSB-less Scell:
· RACH procedures in SSB-less Scell
· Impact on procedure for dynamic Pcell switching
· RAN3:
· RAN4: FFS
Proposal 12: Support adaptation of network operation states in spatial domain by configuring a set of network operation states that include a set of active antenna ports via higher layer signaling and by indicating an active network operation state to UEs via PDCCH providing DCI.
Proposal 13: Support higher-layer signalling to indicate to a UE the CSI-RS port structure when all antenna ports/panels are turned on, and one or multiple CSI-RS port structures when a subset of ports/panels are turned off, and physical-layer signalling to indicate to the UE an active CSI-RS port structure.
Proposal 14: Support indicating a UE the set of active TRPs using coresetPoolIndex associated with each TRP.
Proposal 15: Support power-level adaptation for transmitting SSB and/or CSI-RS and study signalling to indicate to a UE different power levels in different network operation states or scaling factors to be multiplied to L1 measurements taken for network operation states prior to L3 filtering.
Proposal 16: Support to dynamically mute CSI-RS ports for NW energy savings.
Proposal 17: Support power adaptation on CSI-RS ports for NW energy savings.
Proposal 18: Support beam adaptation on CSI-RS ports for NW energy savings.
Proposal 19: Support CSI feedback reporting enhancements for each codebook, namely Type-1 (R15), Type-2 (R16), eType-2 (R17 Port-selection) with dynamic adaptation of spatial elements.
Proposal 20: Support both s-TRP and m-TRP scenarios for adaptation on CSI-Ports for NW triggered operation.
Proposal 21: Support recovery procedures for the spatial-domain techniques for switching to another network energy saving configuration or normal network power state after completion of configured network energy saving operation.
Proposal 23: Support TCI to CSI-RS port mapping for fast reconfiguration during NW energy saving operation.
Proposal 24: Support switching between m-TRP and s-TRP modes with muting/unmuting of TRP(s) during multi TRP operation. 
Proposal 25: Consider the following changes to the TP for the TR
· Changes for other aspects are provided while no changes on the main description
· Technique #C-1: Dynamic adaptation of spatial elements
· The techniques aims to dynamically adapt spatial elements such as the number of active transceiver chains or the number of active antenna panels at gNB in transmitting and/or receiving channels and signals.
· Potential enhancements include the mechanisms to indicate spatial element adaptation to the UEs and the mechanisms to trigger gNB to switch between different spatial domain configurations, including e.g., enhanced CSI-RS configuration, CSI measurement and feedback, signaling for the spatial element adaptation for SSB.
· Background:
· Indication for potential enhancements related to spatial element adaptation may help the UEs to adapt the already configured CSI-RS configuration such as dynamic/semi-persistent ON-OFF of CSI-RS or to reconfigure the CSI-RS configuration, with respect to adapted number of spatial elements/ports.
· CSI-RS and CSI reporting configurations are BWP-specific, and BWP adaptation frame-work can be utilized for the adaptation for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WG
· RAN2:
· Signaling to trigger the change of spatial element configuration to UEs. 
· Impact to mobility due to dynamic spatial adaptation of CSI-RS/SSB.
· RAN3:
· RAN4:
· RLM or RRM measurement from adaptation changes to spatial element configuration.

· Technique #C-2: TRP muting/adaptation in multi-TRP operation 
· For a UE configured with multiple TRPs, TRP activation/deactivation can be informed to the UE. The technique aims to dynamically adapt the number of TRPs transmitting and/or receiving signals and channels. 
· Background:
· Potential impact to other WG
· RAN2:
· RAN3:
· RAN4:
Other Aspects (not part of agreement) 
Technique #C-1: Dynamic adaptation of spatial elements
· gNB may conserve energy by reducing the number of spatial elements e.g.: active transceiver chains of subarrays, antenna elements, panels, TRPs.
· Adaptation can be further categorized into following types:
· Type 1: enable/disable all spatial elements associated to a logical antenna port, e.g. a subset of ports of a CSI-RS resource (set).
· Type 2: enable and/or disable of part of spatial elements associated to a logical antenna port(s).
· Note: May need to consider power adaptation on the spatial elements associated with the antenna ports/RS configuration
· Potential enhancements to UE behaviors due to dynamic port adaptation, e.g., measurements, CSI feedback, power control, PUSCH/PDSCH repetition, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc.
· Techniques including conditions/criteria for UE measurements and feedback to gNB for (de)activation and/or adaptation of antenna ports.
· For example, UE compares the rank/SINR/CSI levels of the current link to gNB configured thresholds. Once the UE detects that the condition is met, it can request/measure for additional reference signals for further measurement/reporting. 
· UE feeding back antenna muting pattern recommendations to the gNB. CSI reporting enhancement on muted or adapted spatial elements/patterns, etc. should be considered for assistance information feedback to the gNB.
· optimized CSI reporting contents to provide compact CSI feedback for different muting hypotheses 
· UE feeds back indication to trigger spatial element adaptation
· Potential specification impact:
· The related changes in spatial domain caused by spatial element adaptation should be indicated/configured to the UEs for the spatial adaptation of gNB/cell power state. Mechanisms to trigger gNB/cell power state and to recover back intoswitch to another network energy saving configuration or normal network power state after completion of configured network energy saving operation should be supported. 
· This may include enhancements to CSI-RS/report configurations to contain multiple configurations for different gNB/cell operation states and dynamic triggering of one of such configurations. 
· Type 1 and Type 2, and Type 3 adaptation may have impact on measurement operation (if dynamic spatial elements adaptation will impact CSI-RS, SSB ...), so the potential enhancement may include 
· CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements, e.g. UE behavior enhancement.
· Introduction of group-based reconfiguration of various reference signal resources, measurement, reporting, which may be RRC-based or MAC-CE based or by other physical layer indication.
· Support of light-weight mechanisms such as DCI/MAC-CE-based, that allow fast spatial domain related reconfiguration and group-common L1 signaling due to spatial element adaptation, such as dynamic/semi-persistent ON-OFF of CSI-RS.
· This may include enhancements to CSI-RS/report configurations to contain multiple configurations for different gNB/cell operation states and dynamic triggering of one of such configurations.  
· Enhanced CSI measurement/reporting to support multiple CSI-RS resource measurement/reporting
· Dynamic adaptation of spatial elements with Type 1 and 2 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements, e.g. UE behavior enhancement.
· Signaling details to indicate changes of the number of active transceiver chains or spatial elements
· Enhancements to CSI measurement and feedback, BRF, RLM, and RRM.
· Support L1/L2 signaling to inform UE on parameter configurations (e.g., downlink power allocation, TCI state, RS for path loss measurement etc.) to be used with respect to the spatial parameter change.
· Type 1 and Type 2, and Type 3 may have impact on measurement operation, so the potential enhancement may include CSI-RS and PL RS measurements, beam failure recovery, radio link monitoring, cell (re)selection and handover procedure enhancements.
· Introduction of UE-specific/group-based reconfiguration of various reference signal resources, measurement, reporting, which may be RRC-based or MAC-CE based or by other physical layer indication.
· CSI-RS/reporting reconfiguration to UEs for dynamic adaptation of spatial elements.
· Optimized CSI reporting contents to provide compact CSI feedback for different muting hypotheses.
· Support of light-weight mechanisms such as DCI/MAC-CE-based group-common L1 signaling, that allow fast spatial domain related reconfiguration and group-common L1 signaling due to spatial element adaptation, such as dynamic/semi-persistent ON-OFF of CSI-RS within an active configuration.
· Adaptation of subset/number of ports for CSI-RS resources can be efficiently indicated to group of UEs and indicating change by UE-specific/UE-group common signaling.
· This includes dynamic adaptation of parameters associated with a NZP-CSI-RS resource such as powerControlOffsetSS, powerControlOffset, etc
· UE feeding back antenna muting pattern recommendations to the gNB. CSI reporting enhancement on muted or adapted spatial elements/patterns, etc. should be considered for assistance information feedback to the gNB
· Additional consideration/aspects (including any impact to legacy UEs, if any)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, if the technique is applied to the broadcast channels and signals, approaches such as power boosting should be considered to guarantee cell coverage.
· Type 2 adaptation may result in changes to the antenna pattern, gains, TCI states, and/or transmission power of the reference signal or channel that uses the antenna port(s)
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, the technique is not applicable to the broadcast channels and signals.

Technique #C-2: Dynamic adaptation of TRPs in mTRP
· This may also include signaling of the adaptation of TRPs in mTRP, e.g. by utilizing group-level or cell common signaling.
· Potential specification impact:
· Technique may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Support enhancements to UE behaviors due to dynamic adaptation of TRPs, e.g., measurements, CSI feedback, power control, PDCCH/PUCCH/PUSCH/PDSCH repetition, single-DCI based scheduling, multi-DCI based scheduling, procedure between m-TRP and s-TRP modes, SRS transmission, TCI configuration, beam management, beam failure recovery, radio link monitoring, cell (re)selection, handover, initial access, etc
· Signaling details to indicate muted TRP, e.g., based on TRP index or CORESET pool index
· Type 3 may have impact on redundant CSI measurement or reporting to a muted TRP, so enhancement may include dynamic signaling for TRP ID (CORESETPollIndex).
· Enhancements to CSI measurement and feedback, 
· L1/L2 signalling to inform UE on update for TRP-related parameters due to dynamic TRP on/off. 
· Additional considerations/aspects (including any impact to legacy UEs, if any):
· The change in spatial elements may significantly impact the coverage of the cell due to possible reduction in beamforming gain and total downlink transmission power, which impact coverage and network access of the UEs (both legacy and R18 UEs). Therefore, the technique is not applicable to the broadcast channels and signals especially when the adaptation of the spatial elements is applied across active TRPs. 
· It is desired that enhanced beam reporting maintains same or similar configuration signaling overhead and measurement time compared to Rel-17 group based beam reporting.
Proposal 26: Support technique #D-1 (adaptation of transmission power of signals and channels) for network energy savings.
Proposal 27: Support joint adaptation of gNB transmission bandwidth and power spectral density to maintain system performance, e.g., coverage.
Proposal 28: The specification support of #D-2, #D-3, #D-4 and #D-5 should be justified in comparison with implementation based solutions.
Proposal 29: Consider the following changes to the TP for the TR
· Technique #D-1: Adaptation of transmission power of signals and channels
· The technique aims at adaptaingadapting the transmission power or PSD of downlink signals and channels
· Background:
· Adaptation of transmission power of signals and channels is a technique that allows the gNB to dynamically adjust the transmit power of one or multiple downlink signals/channels. The technique may be applicable to PDSCH, CSI-RS, DMRS, broadcast channels/signals (e.g., SSB/SI/paging).
· The power offset configurations for PDSCH and CSI-RS are BWP-specific, and BWP adaptation framework can be utilized for the adaptation of the settings for a UE capable of multiple BWPs and dynamic BWP switching.
· Potential impact to other WGS
· RAN2:
· Possible impact on mobility due to dynamic power adaptation of CSI-RS/SSB 
· Configuration and signaling of indication of power related parameters to the UEs
· RAN3:
· RAN4:
· FFS
Observation 1: In present networks, reconfiguration of a network operation state involves higher layer signaling by a SIB or by UE-specific RRC which is a slow process and requires substantial signaling overhead.
Observation 2: Currently, there are no procedures for a serving gNB to perform fast adaptation of a network operation state with small signaling overhead.
Observation 3: Rel-17 requires large signaling overhead and latency to adapt time domain resources for p/sp physical layer resources via RRC reconfiguration or semi-static (de)activation per UE.
Observation 4: Legacy C-DRX results in large transition energy consumption when gNB wakes up multiples times to process non-contiguous ON durations.
Observation 5: There is a tradeoff between NW energy savings and UE performance for C-DRX configuration. Rel-17 requires large signaling overhead to adapt C-DRX configuration via RRC signaling per UE.
Observation 6: For a given data rate (low to medium), a combination of power and frequency domain adaptation would provide a balance between energy savings and system performance.
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