3GPP TSG RAN WG1 Meeting #109-e	R1-2205140
e-Meeting, May 09 – 20, 2022

Source: 	Moderator (Intel Corporation)
Title:	Discussion Summary for energy saving techniques of NW energy saving SI
Agenda item:	9.7.2
Document for:	Discussion

1. Introduction
In this contribution, moderator summarizes discussions on remaining issues related to potential solutions for network energy saving SI from RAN1 #109-e. SI objectives agreed in RP-220297 is shown below for reference.
	The objectives of the study are the following:

1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.



1. Summary of issues
2.1 General aspects of Network Energy Saving
· [3] Spreadtrum
· The following techniques have higher priority:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [7] Fraunhofer
· In the study phase, the different approaches for network energy saving should be investigated and compared.
· [10] Samsung
· Consider to support at least the following three network states for the study of network energy saving:
· Non-energy-saving state: the gNB operates in a legacy way and no network energy saving technic is used;
· Energy-saving state 1: the gNB doesn’t transmit/receive any signal/channel;
· Energy-saving state 2: the gNB only transmits/receives a particular set of signal/channel;
· The study shall further investigate the UE behavior in each of the network states.
· [11] NEC
· Definition of the idle/empty and low/medium load scenarios should be discussed.
· Definition of base station sleep modes and the transitions between different sleep modes should be discussed.
· [12] OPPO
· The network energy saving techniques should avoid having a large impact on user perceived throughput and access latency.
· The network energy saving techniques should avoid increasing UE implementation complexity.
· The network energy saving techniques should avoid increasing UE power consumption and cost.
· [14] Panasonic
· Network energy saving mechanism should either ensure backward compatibility or is able to coexist with scheme serving legacy UEs.
· The applicable scenarios for each adaptation technique should also be clarified.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Reducing the complexity of signals associated with mandatory set of operations at the gNB and optimizing the operations in terms of energy consumption is supported.
· Define sleep state for gNB and study the specification impact
· [25] Interdigital
· Consider the following gNB energy savings states in the study: {On, micro sleep, deep sleep, and PA off}

Summary of Discussions
· The following issues were discussed.
· Consideration of gNB energy saving states
· Samsung mentioned having 3 energy states {no energy save, energy save 1, energy save 2}
· Interdigital mentioned having 4 energy states {on, micro-sleep, deep-sleep, PA-off}
· NEC mentioned definition for energy saving state (and its transitions) for gNB should be discussed
· CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs mentioned gNB sleep state definition and specific impact study is needed
· Definition of idle and low loads
· NEC mentioned idle/low loads for evaluation should be defined.
· [Moderator comments: this discussion might be more suitable under 9.7.1 agenda]
· Requirements for the energy saving techniques
· OPPO mentioned energy saving techniques should avoid increasing UE power consumption, cost, or implementation complexity.
· OPPO mentioned energy saving techniques should avoid large impact to UPT and access latency.
· Panasonic mentioned Network energy saving mechanism should either ensure backward compatibility or is able to coexist with scheme sering legacy UEs.
· Prioritization of energy saving techniques
· Spreadtrum mentioned Time and spatial domain based solutions should be prioritized over others.
· Other general comments
· Samsung mentioned the UE behavior for each of the network energy saving states needs investigation.
· Panasonic mentioned that applicable deployment scenario should be clarified for each energy saving techniques.


Among the general aspects for the NWES discussed, moderator suggest discussing the following issues:

Issue 1-1) consideration of defining gNB (or network) energy saving states
· Should we define gNB energy saving states? 
· If definition is needed, is the definition used for evaluation only or for description used to describe the behaviors associated with specific energy saving states? Also how would the energy saving states be associated with potential sleep modes defined for evaluation purposes.
· If definition is needed, should we ask each company to further provide gNB energy saving states for their proposed technique? Or should RAN1 try to define a common set of energy saving states to allow ease of discussion for the SI?

Issue 1-2) requirements for energy saving techniques
· Should the energy saving techniques to be captured in TR as part of SI be subject to specific requirements, such as impacts to UEs (mentioned by OPPO, Panasonic)?

Issue 1-3) prioritization of energy saving techniques
· Moderator was able to identify at least 5 different domains that energy saving techniques can be classified into. The 5 different categories are time, frequency, spatial, power, and adaption of transceiver processing.
· Should some of the energy saving categories should be prioritized (as mentioned by Spreadtrum)?

For definition of idle/low load definitions, moderator thinks this is more appropriate for agenda 9.7.1, and suggest the interested companies to bring up the issue in agenda 9.7.1.

Moderator asks companies to provide comments/views on issue 1-1, 1-2, and 1-3 above. Based on the discussions, moderator will suggest proposal(s) for agreement/conclusion.


2.2 Time-domain based Energy saving Techniques
· [1] Huawei/HiSilicon
· Study possible methods to optimize/simplify the transmission of common signals, e.g. SSB and SIB1, in single-carrier and multi-carrier scenarios with minimum extra access delay to NR and/or in NR co-existing with LTE.
· Study whether additional spec effort is required, in the case UE DRX is already configured.
· [2] Nokia/NSB
· As part of time-domain NW ES techniques, enhancements for increasing DTX and/or DRX opportunities can be studied.
· As part of time-domain NW ES techniques, further minimization of the “always-ON” transmissions, i.e. further reduction of SSB/SIB1 transmissions can be studied.
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· Time domain energy saving transition mechanism based on gNB state of system load should be supported for 5G network.
· For Rel-18, semi-static/dynamic cell ON/OFF should be one of time domain techniques for network power saving.
· For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.
· The gNB DTX/DRX should be considered to reduce network energy consumption for low system load state. 
· DTX/DRX coordination in Xn and NG should be supported of further reduction of network energy consumption.
· [5] vivo
· Study the impact on SSB detection and RRM/RLM measurement with increased common signal period for network energy saving.
· [6] ZTE/Sanechips
· For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band cases.
· In single -carrier case, SSB/SIB reduction can be considered
· [7] Fraunhofer
· The reduction of gNB active time where there is no user traffic should be investigated.
· [8] China Telecom
· The semi-persistent symbol switch on-off should be studied for network energy saving.
· The gNB DRX/DTX should be studied for network energy saving.
· [9] Xiaomi
· Reducing broadcast transmission can be studied for energy saving.
· Dynamic cell/carrier/beam on-off can be studied, and its negative influence on UE should also be studied and eliminated.
· [10] Samsung
· Study semi-static switching and dynamic switching for network states transition.
· Study cell-specific/UE-specific dynamic adaptation on periodic/semi-persistent physical layer resources in DL or UL for NW energy savings.
· DL: CSI-RS resource, SSB, SPS PDSCH.
· UL: CSI-RS report, SR, SPS PDSCH HARQ-ACK, CG PUSCH.
· Study UG-specific dynamic adaptation of C-DRX for NW energy savings.
· [11] NEC
· Introduce finer granularity network configuration to support dynamic adaptation of SSB/SIB reduction. 
· Extending the SS/PBCH periodicity with considering the negative impacts to the system.
· Spreading the SS/PBCH blocks to be transmitted into several periods.
· the gNB DTX and DRX should be studied in the low/medium load scenario, and the impact on UE operation, e.g., the measurement, synchronization and DRX procedures, should be considered.
· Support flexible configuration of network energy saving pattern in time domain.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in time, frequency, antenna/spatial and power domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· TDD configuration can be adapted to traffic load. Some ‘Idle symbols/slots’ can be achieved by gNB to step into sleep modes
· Applicable to scenarios 1 ~ 4
· [15] Futurewei
· Time domain approaches including but not limited to longer and dynamic adaption of periodicities of common and broadcast signals should be supported.
· [16] Apple
· Time domain adaptation
· Techniques to enable the network to turn on/off more dynamically, flexibly, and/or for a longer period of time
· Performance and UE impact needs to be carefully considered.
· [17] CMCC
· The following three alternatives for time and frequency domain power saving enhancements can be further studied,
· No transmission of SSB/SIB in the carrier
· Increased SSB/SIB transmission period
· On demand SSB/SIB transmission
· gNB DTX can be studied to help network power saving.
· When period transmission behavior of SSB/SIB is changed, the impact on legacy UEs needs to be considered, including the initial access performance, measurement performance, etc.
· [18] NTT Docomo
· Study CDRX and WUS for gNB for network energy saving techniques.
· Study SSB periodicity adaptation such as extended SSB periodicity for network energy saving techniques.
· Trade-off between power saving gain and initial access and handover performance should be considered.
· [19] Lenovo
· Study how to provide more flexibility in transmission of common signals/channels such as SSBs, SI, and paging.
· Study how to support dynamic gNB transmission ON/OFF mechanism.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· It is beneficial to switch off gNB’s periodic/semi-persistent transmission (and/or reception) at least when gNB does not need to transmit data to the UE, in terms of network energy savings.
· Study how to support efficient mechanisms to switch off gNB’s transmission (and/or reception) for a specific period of time.
· Study how to support a mechanism for waking gNB from power save mode when new data arrives at UE.
· [22] Mediatek
· Consider cell-wise traffic alignment with SSB to minimize the BS active time (transmission time) under low and medium traffic loads.
· Consider the signaling for traffic alignment to be more dynamic and efficient in Rel-18.
· Consider reducing SSB number in a SS burst on SCells rather than on a PCell operated as a coverage layer in the case of multiple carriers in the network.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of transmission and reception duty cycle
· details of which signal/channels transmission periodicity or resource allocation are updated by the NPS techniques to be studied further
· [25] Interdigital
· Consider techniques that allow adaptation of transmission and receptions resources at different granularities in the time domain for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques minimizing periodic reference signal transmissions, e.g., enabling fully aperiodic TRS for FR1 and FR2 when needed.
· Study and identify techniques which enable dynamic adaptation of PRACH occasions according to the need.
· Study and identify techniques in which the UE can assist the network in optimizing its scheduling to maximize its sleep opportunities. 
· [27] Qualcomm
· RAN 1 to investigate the option of BS DTX/DRX mode by considering
· BS DTX/DRX and corresponding UE behavior
· Dynamic/efficient UE C-DRX configuration
· UE assistance e.g., cell wake-up.
· RAN 1 to investigate network energy saving mechanisms for legacy SSB beam sweeping for the “gNB in idle mode” scenario. SSB beam sweeping and associated signaling, e.g., paging, RACH reception are an important energy contributor in the case of low to medium load cell with few UEs in connected mode.
· For the “gNB in idle mode” scenario, RAN 1 to study the following:
· Alternative “light SSB” mechanisms as a replacement to or along with traditional SSB transmission
· flexible (e.g., “non-uniform” or beam-specific) configuration of SSB, RMSI, and/or RACH 
· “on demand” support of SSB, RMSI, and/or RACH 
· Paging reduction techniques.
· [28] Rakuten
· Investigate methods to increase SSB periodicity without degrading user performance.
· [29] Fujitsu
· Study the following time-domain network power saving techniques, considering impact on user experience and cell coverage:
· Network ON/OFF with different sleep modes 
· Always-on signal periodicity adaptation
· Reduced number of CSI-RS symbols for beam adjustment

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to time-domain based NW energy saving techniques.

Proposal #2-1
· Further study techniques and enhancements for increasing DTX and/or DRX opportunities by the gNB, including (but not limited to) the following aspects:
· potential methods of reducing/adapting transmission/reception of common signals, e.g. SSB, SIB1, paging, PRACH, and its impact to synchronization and measurements performed by the UE;
· potential methods of reducing transmission/reception of common signals can include no transmission/reception, increased periodicity, enablement of on-demand transmission/reception of common signals
· semi-static and/or dynamic cell ON/OFF;
· support of periodic and on-demand reference signal(s) to aid discovery;
· DTX/DRX coordination among cells using Xn and NG interfaces;
· techniques and enhancements applicable for single component carrier and multi-component carrier cases;
· potential energy saving states and its transition between states from leveraging DTX/DRX opportunities
· including studies of waking up gNB due to user traffic or reception of wake up signal by the gNB
· dynamic adaptation of periodic and semi-persistent signals and channels such as CSI-RS, SSB, PDSCH configured for SPS, PUCCH carrying SR, PUCCH/PUSCH carrying CSI reports, PUCCH carrying HARQ-ACK for SPS, PUSCH configured for CG, etc.
· enabling dynamic adaptation of UE C-DRX configurations

2.3 Frequency-domain based Energy Saving Techniques
· [2] Nokia/NSB
· NW with activated multiple CCs can apply with symbol-level NW DTX/DRX transmission, i.e. with symbol-level DTX/DRX transmission across multiple CCs simultaneously.
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· Dynamic bandwidth adaption for gNB energy saving could be considered in frequency domain.
· [5] vivo
· Study anchor carrier concept for network energy saving in frequency domain, including design and procedure for initial access UEs, RRC idle UEs and RRC connected UEs.
· [6] ZTE/Sanechips
· For network energy saving, DL common signal/channel (i.e., SSB, SIB) reduction can be considered in multi-carrier (CA) and single-carrier case.
· In multi-carrier (CA) case, SSB-less SCell can be considered for inter-band cases.
· In single -carrier case, SSB/SIB reduction can be considered
· [8] China Telecom
· The Scells without SSB in inter-band CA should be studied.
· Which bands are feasible and the related UE requirements should be further identified.
· [10] Samsung
· Study supporting a dedicated BWP for gNB’s transmission/reception in the energy-saving state.
· Study supporting joint adaptation of gNB transmission bandwidth and power spectral density.
· [11] NEC
· enhancement on cell activation/deactivation and cell dormancy should be considered to better support gNB energy saving and minimize the impact on UE operation.
· Support SSB/SIB reduction in CA scenarios.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in frequency as should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· Multiple carrier operation using DC/CA. CC activation/ deactivation and cell on/off can be employed for traffic adaptation.
· BWP framework can also be used to adapt to traffic in a cell.
· Applicable scenarios 1 ~ 4
· [15] Futurewei
· Frequency domain adaptation should consider adaptation of multicarriers and/or BWPs at the cell level using cell-level deactivation (and activation) signaling. This also includes group-level activation/deactivation signaling.
· [17] CMCC
· The following three alternatives for time and frequency domain power saving enhancements can be further studied,
· No transmission of SSB/SIB in the carrier
· Increased SSB/SIB transmission period
· On demand SSB/SIB transmission
· [18] NTT Docomo
· Study SSB-less SCell for inter-band CA for network energy saving techniques.
· Study group-common based BWP switching for network energy saving techniques.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· Consider to enhance indication methods for deactivating frequency domain resources (e.g., SCell (de)activation or BWP switching via group-common DCI or MAC CE) or for adjusting the bandwidth of a given BWP.
· [22] Mediatek
· SSB-less SCells in inter-band CA could be studied in RAN4, e.g., bands and UE requirements.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of frequency used
· Changes to RBs/BWPs used for transmission and reception by the gNB/Network
· Enabling/disabling of CCs in different frequency by the gNB/Network  
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study potential of reducing the BW adaptation delays for Rel18 UEs.
· Study group-common or cell-specific BWP switching.
· Study techniques which optimize reference signal transmissions over Scells in terms of network energy savings. 
· [27] Qualcomm
· Study joint dynamic Pcell switching and Scell dormancy indication.
· If inter-band CA with SSB-less carriers is studied, use the following assumptions for the study
· Collocated carriers belonging to the same TAG
· Neighboring carriers 
· Periodic TRS is still transmitted in SSB-less carriers
· FR1 only.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to frequency-domain based NW energy saving techniques.

Proposal #3-1
· Further study techniques and enhancements for frequency resource usage adaptation by the gNB, including (but not limited to) the following aspects:
· dynamic bandwidth adaptation;
· including adjustments to RBs and/or BWP used by the UE for transmission and reception
· enablement of DTX/DRX of gNB for some CC in CA/DC scenarios;
· including enablement of SSB-less cell operation for some CC;
· for SSB-less cell operation enablement, study conditions and restrictions required for the operation
· dedicated BWP for UE during specific energy saving states at the gNB
· supporting group-common or cell-specific BWP and mechanisms to switch between BWP(s)
· joint adaptation of transmission bandwidth and power spectral density
· enhancements on cell activation and deactivation, enhancements on cell dormancy
· including methods for signaling activation/deactivation


2.4 Spatial-domain based Energy Saving Techniques
· [1] Huawei/HiSilicon
· Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.
· [2] Nokia/NSB
· In case of any enhancements for antenna elements reduction per physical antenna array with specification impact, the performance justification is strongly preferred to be provided.
· Study the energy saving potentials to support dynamic port muting or TRX adjustment (for both FR1 and/FR2).
· [3] Spreadtrum
· Consider the following techniques:
· Time domain: Reduction of common signal/channel, switch on/off of BS
· Frequency domain: Bandwidth adaptation
· Spatial domain: Reduction of beams of common signal/channel, TRX adaptation
· [4] CATT
· For semi-static/dynamic cell ON/OFF, both periodic DRS and on-demand DRS should be studied.
· Dynamic antenna adaptation at low/middle system load should be considered.
· If dynamic antenna adaptation was supported, NZP CSI-RS ports muting pattern should be indicated to UE.
· 

· The dynamic antenna adaptation technique to support the coexistence with legacy UE should be further studied.  
· Triggering of dynamic ON/OFF of multi-TRP should be considered.
· [5] vivo
· Study dynamic port/panel/antenna adaptation for network power saving, including
· Group-common L1 signaling to enable faster antenna/port/panel adaptation and lower signaling overhead
· CSI measurement/report enhancement to facilitate fast antenna/port/panel adaptation with good performance and less resource overhead
· [6] ZTE/Sanechips
· The following impacts need to be considered in spatial domain adaptation
· Number of antenna ports of reference signal/channel
· Measurement results, including CSI measurement
· Fast/efficient adaptation of antenna ports can be considered to minimize the impacts of NW energy saving technique in spatial domain.
· [8] China Telecom
· The CSI reporting enhancement should be studied for better deciding the TRX switch on-off.
· The network self-adapted switch-off the TRX according to the traffic load should be studied.
· The CSI-RS should be reconfigured when the TRX switch off is adopted.
· [9] Xiaomi
· Dynamic cell/carrier/beam on-off can be studied, and its negative influence on UE should also be studied and eliminated.
· Reducing unnecessary DL reference signal transmission can be studied for energy saving.
· [10] Samsung
· Study supporting a cell-specific/UG-specific signaling for cell switching on/off in the energy-saving.
· Study mechanism to dynamically switch off and switch on CSI ports for NW energy savings.
· Study dynamic beam adaption mechanism for NW energy savings.
· Study mechanism to dynamically switch off and switch on TRP for NW energy savings.
· [11] NEC
· dynamically antennas switching on/off should be considered for gNB energy saving, and the jointly design with frequency domain techniques should be considered to get good balance among energy consumption, coverage and capacity.
· SSB and CSI-RS updating mechanism should be studied to support dynamic antenna switching on/off, and techniques to reduce the delay of UE beam measurement and TCI state update after SSB updating should be studied.
· [12] OPPO
· Study the Pcell on/off procedure at network side for power consumption. 
· [13] CENC
· Impacts on CSI measurement/reporting and power control should be studied regarding the dynamic domain operation.
· Impacts on PDSCH repetition should be studied regarding the dynamic spatial domain operation.
· Impacts on PUSCH repetition and periodic SRS should be studied regarding the dynamic spatial domain operation.
· For dynamic spatial domain operation, it is reasonable to utilize high layer dynamic indication searching by group common DCI to declare the SSB related change.
· For dynamic spatial domain operation, impact of dynamic indicated SSB to RACH procedure and paging procedure should be considered.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in antenna/spatial domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· In general, the number of Tx/Rx chains can be adapted as per needed. In addition, active antenna elements/panels may also be changed.
· Applicable scenario 1, 2, 4
· When gNB operates beam sweeping, time domain adaptation can be combined with antenna domain adaptation so that beam sweeping patterns are adaptive to the traffic, UE distributions and coverage requirement. This can be achieved with or without adapting the number of Tx/Rx chains, antenna elements/panels.
· Applicable scenario 2, 4
· [16] Apple
· Spatial domain adaptation
· Dynamic on/off of Tx/Rx ports and/or panels
· Potential beam management enhancements, potential CSI enhancements, and signaling aspects
· Performance and UE impact needs to be carefully considered.
· [17] CMCC
· The measurement impacts due to TRX on/off can be studied in Rel-18, including CSI-RS measurement, PL RS measurement, beam failure recovery, radio link monitoring, cell selection, and CSI feedback.
· CSI-RS adaptation for network energy saving can be studied.
· SRS, PRACH, or SR can be considered as a starting point for wake-up signal design, SR or CSI reporting enhancement can be considered for assistance information feedback.
· [18] NTT Docomo
· NR already supports configurating different number of CSI-RS ports in different CSI reporting configuration. It is suggested to study how to dynamically activate and deactivate different CSI reporting configurations for antenna port adaptation. 
· [19] NTT Docomo
· Study group-based mobility mechanism to support flexible on/off of a cell with efficient offloading.
· [20] ITRI
· Study on at least one the following techniques for network energy saving:
· network energy saving techniques in spatial domain 
· network energy saving techniques in frequency domain 
· network energy saving techniques in time domain 
· Discussion on UE assistance information for network energy saving
· [21] LG Electronics
· It is beneficial to dynamically adjust the number of gNB’s activated antenna elements, in terms of network energy savings.
· Study how to efficiently support changing the number of gNB’s transmit antenna elements (e.g., by deactivating a NZP CSI-RS with 32 antenna ports while activating another NZP CSI-RS with 16 antenna ports, or turning off 16 antenna ports out of 32 antenna ports configured for the NZP CSI-RS).
· Discuss whether any enhancements for UL signal/channel (e.g., SRS) transmission are needed depending on the number of gNB’s receive antenna elements.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Adapting the active antenna components is supported for NES and study the impact on specifications.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of spatial components used
· spatial components can correspond to TRP(s) that belong to same or different cells, antenna panels for the TRP(s), antenna element sub-array of antenna panel(s) for the TRP(s), or any combination of thereof.
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques that allow fast CSI-RS reconfigurations without increasing UE measurement and processing complexity.
· Study and identify techniques for signaling reduction in CSI reporting framework.
· Study and identify techniques including UE slow- and fast-rate feedback for efficient port reconfigurations.
· [27] Qualcomm
· Study dynamic antenna port adaptation at gNB
· Enhance physical layer procedures to efficiently support dynamic antenna port adaptation e.g., CSI and/or transmit power signaling framework.
· Study TRP dormancy enhancements in mTRP e.g.,
· UE group specific TRP dormancy indication to make dynamic TRP dormancy more efficient.
· [28] Rakuten
· Study impacts of changing Massive MIMO antenna configurations on UE performance and investigate solutions to improve channel estimation.
· Investigate Energy savings through utilization of non-uniform and dynamic antenna array reconfigurations including the challenges such as channel estimation and UE service degradation.
· Investigate Energy savings through Antenna Power amplifier efficiency improvement by modifying antenna array configuration.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to spatial-domain based NW energy saving techniques.

Proposal #4-1
· Further study techniques and enhancements for adaptation of spatial elements of the gNB, including (but not limited to) the following aspects:
· Note: spatial elements may include antenna element(s), antenna sub-array(s), antenna panel(s),  TRxP(s) (co-located or geographically separated from each other), logical antenna port(s) (corresponding to specific signals and channels)
· impact to UE operations, e.g. measurements, power control, PUSCH/PDSCH repetition, SRS transmission, beam failure recovery, radio link monitoring, cell (re)selection, etc., from dynamic adaptation of spatial elements
· UE feedback/assistance information required for support dynamic spatial element adaptation
· for example, CSI measurement and reports
· signaling methods for enabling dynamic spatial element adaptation, including methods of leveraging existing configuration methods supported by NR
· for example, group-common L1 signaling
· dynamic TRxP muting (or power adjustment);
· study of triggering on/off conditions for TRxPs
· study of SSB and CSI-RS re-configuration when specific TRxPs are switched off
· dynamic logical port muting
· study details of signaling the port (e.g. NZP CSI-RS ports) muting (if required to be known by the UE)
· efficient port reconfigurations
· including any required slow and fast feedback from the UE


2.5 Power-domain based Energy Saving Techniques
· [1] Huawei/HiSilicon
· Study dynamic TRX muting/power adjustment, e.g. in dynamic-level, with proper UE feedback/assistance information, e.g. enhanced CSI measurement/report.
· [2] Nokia/NSB
· Study potential methods to enable dynamic transmission power reduction for schemes also jointly with other domain techniques.
· [6] ZTE/Sanechips
· More dynamic DL power allocation and information reported by UE can be considered for NW ES in power domain.
· [10] Samsung
· Study supporting joint adaptation of gNB transmission bandwidth and power spectral density.
· [14] Panasonic
· For network energy saving study at initial stage, the high level scheme for adaptation in power domain should be investigated. The applicable scenarios for each adaptation technique should also be clarified.
· Based on the traffic, UE loads and required coverage, the maximum number of assigned PRBs and maximum PSD may be reduced. This contributes to reduce the maximum transmission power of gNB and it may save the RF amplifier energy consumption. The adjustment of the required coverage needs some coordination with other carriers and/or neighbour cells in order to avoid the situation of "out of the coverage" for UEs.
· Applicable scenario 1, 2, 4
· [18] NTT Docomo
· There are three options of dynamic power adaptation of DL transmission. RAN1 should study which is the best for network energy saving by jointly consider specification impact, effectiveness of power saving and performance of cell discovery. 
· [21] LG Electronics
· Investigate impacts of power adaptation for SSB and/or NZP CSI-RS if transmit power for SSB and/or NZP CSI-RS can be dynamically changed.
· [23] CEWiT, IIT-M, IIT-K, Reliance Jio, Saankhya Labs
· Dynamically adapting the DL transmission power at gNB utilizing assistance information from the UE is supported.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· reduction of transmission power
· [25] Interdigital
· Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
· [26] Ericsson
· Study and identify techniques which can enable gNB dynamic power adaptation.
· [27] Qualcomm
· Study dynamic transmit power adaptation for downlink signals and channels.
· [29] Fujitsu
· Study the following frequency-domain, power-domain and spatial-domain network power saving techniques, considering the trade-off between throughput and power saving gain:
· Dynamic CA/DC adaptation
· Reduced always-on signal transmission in some carriers
· Dynamic DL power control
· Dynamic TRX/antenna port adaptation

Summary of Discussions
Based on inputs by the company, moderator has tried to provide a list of aspects companies suggested for study with regards to power-domain based NW energy saving techniques.

Proposal #5-1
· Further study techniques and enhancements for adaptation of transmission power by the gNB, including (but not limited to) the following aspects:
· dynamic adjustment of transmission power
· for example, adjustment of maximum PSD assigned to PRBs
· further including any required UE feedback/assistance information to support adjustment of transmission power
· supporting joint adaptation of bandwidth and PSD



2.6 Other Energy Saving Aspects/Techniques
· [5] vivo
· Study cell activation by UE wake up signal, at least including design on UE WUS signal, configuration, procedure and etc.
· Implementation based scheme should be baseline for evaluation of UE-assisted scheme for PA efficiency  enhancement at BS side. Besides, UE complexity, power consumption and spec impact should also be carefully assessed.
· [6] ZTE/Sanechips
· An uplink wake-up mechanism (WUS) can be considered for network energy saving.
· The UE assistance information can be considered for network energy saving.
· [7] Fruanhofer
· UE Assistance information helping network energy saving should be studied and identified.
· [10] Samsung
· Study gNB wake up signaling to trigger network energy saving states transition.
· Study UE assistance information for SSB request during network energy saving state.
· Study UE assistance information for indicating semi-static UL channel transmissions during network energy saving state.
· [11] NEC
· Support UE assistance information including UE traffic type, service priority, delay tolerance, data rate and data volume/packet size.
· [12] OPPO
· Study the common channel/signal offload procedure for power consumption.
· Study UE reporting assistance information for power consumption.
· [15] Futurewei
· Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported.
· [19] Lenovo
· Study efficient L1/L2 based mobility mechanisms to support flexible on/off of a network node within a cell.
· [21] Mediatek
· Consider involving UE cooperation, e.g., BS wake-up request from UE in Rel-18.
· Consider whether to enable UE to feedback on a preferred SSB configuration in Rel-18 to minimize the impact on UE.
· [24] Intel
· Network power saving (NPS) techniques that leverage the following solution categories are to be further studied:
· adaption of signal process flow/algorithms
· For adaptation of signal process flow/algorithm that have associated impact to RF characteristics and/or performance, the associated RF characteristics and/or performance should be studied together.
· Further study on UE assistance information/feedback or measurements at the gNB that improves operations of network power saving technique(s) or that are required by network power saving technique(s).
· [25] Interdigital
· Consider techniques to allow discovery and measurement of cells in deep sleep or dormant states.
· [27] Qualcomm
· Both network and/or UE assisted mechanisms to be considered.
· Study the over the air training digital pre distortions method (OTA DPD) for DPD at the gNB’s transmission chain.
· Study DPoD (Digital post distortion) for increasing efficiency at the gNB’s transmitter.
· for increasing the SINR gain of the gNB (alternatively increasing the efficiency in bits/Joule), study Tone Reservation technique that allows reduction of PAPR of the DL.
· RAN 1 to investigate the option of UE grouping - mainly in spatial domain – and of broadcasting as a means to reduce the number of DL transmissions. The studied mechanisms should consider the type of traffic - namely traffic latency requirements - for which such grouping and broadcasting mechanisms can be supported and they should aim in extending the Rel. 17 group-common DCI framework to more cases.
· [28] Rakuten
· Study and investigate Network energy savings by utilizing UE like DTX and low power wake up signal to Turn on dormant cell, such study should in FR2 frequencies.
· Study and investigate how UE assistance information can be utilized to activate, deactivate, or modify energy savings methods.


Summary of Discussions
The following issues were discussed.
· UE assistance information to aid the gNB to perform energy saving techniques
· For example, assistance information may include SSB request, preferred SSB indication, indication of semi-static UL channel transmissions during specific gNB energy saving states, UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)
· Cell activation by the UE
· For example using WUS
· Common channel/signal offloading procedures
· L1/L2 based mobility mechanisms to support flexible on/off of a cell
· gNB idle mode energy saving state
· supporting alternative light (density) SSB transmission
· flexible configuration of SSB, SIB1, PRACH, paging
· Adaptation of gNB transceiver algorithms and processes to improve power efficiency
· Including techniques aided by UE
· For example, adaptation of digital pre-distortion (DPD),  use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· Tone reservation techniques (to improve PAPR and power efficiency)
· UE grouping
· Grouping in spatial domain
· Grouping of similar traffic types
· Technique to allow discovery and measurement of cells in deep sleep or dormant states

The following proposals are an attempt to capture the various other aspects of energy saving techniques or techniques that might not be fully captured by time/frequency/spatial/power domain categorization.

Proposal #6-1
· Further study following techniques and enhancements to perform energy saving techniques at gNB:
· cell activation (from sleep or dormant state) triggered by the UE;
· for example, using WUS transmitted by the UE
· procedures to allow offloading of common channel/signal to other carriers;
· enhancements to L1/L2 based mobility to efficiently enable cell on/off operation;
· adaptation of gNB transceiver algorithms and processes to improve power efficiency:
· including techniques aided by UE;
· for example, adaptation of digital pre-distortion (DPD), use of digital post distortion (for improving power efficiency) by the UE, adaptation to transceiver filtering operation
· tone reservation techniques (to improve PAPR and power efficiency);
· grouping of UEs to reduce transmission and reception footprint at the gNB;
· grouping of users in spatial domain
· grouping of similar traffic types
· technique to allow discovery and measurement of cells in deep sleep or dormant states;

Proposal #6-2
· Further study techniques and enhancements on UE assistance information to aid the gNB to perform energy saving techniques
· Some examples of UE assistance information are:
· SSB request,
· preferred SSB indication,
· indication of semi-static UL channel transmissions during specific gNB energy saving states, 
· UE traffic information such as service priority, delay tolerance, data rate, data volume, and packet size(s)
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