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1	Introduction
RAN2 is starting to work on study item on NW energy saving (RP-220297) with the scope:
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.

1. 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.

1. 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.

RAN2 objectives are to identify possible techniques to improve NW energy efficiency for base station transmission and reception. The work item does not mention separately CONNECTED and IDLE/INACTIVE techniques but the techniques that target these different states will likely differ. It is also notable that the SI will focus on low load scenarios.
In this paper we discuss what could be done for limiting NW energy consumption when considering UEs in RRC_CONNECTED.
2	Discussion
At the RAN1#109 meeting, high-level agreements on the network energy saving techniques and directions to be considered by the study were made (see R1-2205554). Some excerpts from R1-2205554 are copied here:
· Time domain: Further study techniques and enhancements for increasing time domain energy saving opportunities by the gNB, including 
· methods of reducing/adapting transmission/reception of common and semi-persistent channels/signals, 
· cell on/off in one or more granularity, e.g. subframe/slot/symbol; 
· mechanism to utilize potential energy saving states or sleep modes and the transition between states from leveraging cell on/off opportunities;
· dynamic adaptation of UE C-DRX configurations;
· UE assistant information facilitating BS time domain adaptation
· Frequency domain: Further study techniques and enhancements for frequency resource usage adaptation by the gNB including 
· Enhancements to dynamic bandwidth adaptation for operations with single-carrier or single CC
· enablement of reducing/adapting common channels/signals for some CC in multi-carrier operations
· enhancements on Scell activation and deactivation, enhancements on Scell dormancy and dynamic Pcell switching
· Spatial domain: Further study techniques and enhancements for the adaptation of number of spatial elements of the gNB including dynamic logical port adaptation and dynamic TRxP adaptation.
· Power domain: Further study the necessity of RAN1 change for techniques and enhancements for adaptation of transmission power/processing and/or reception processing of signals/channels by the gNB including dynamic adjustment of transmission power.
· UE assistance: Further study techniques and enhancements on assistance information from the UE to aid the gNB to perform energy saving techniques.

Given the immaturity of the network energy saving techniques listed in R1-2205554 and their limited description at this stage, it may be too early to define their exact impact on procedures and signalling under RAN2's responsibility before RAN1 progresses with the study. However, in this paper we discuss some of the identified impacts that RAN2 should consider in order to enable some of the above-mentioned adaptations for UEs in RRC Connected state, but which may have to be adjusted based on the progress from RAN1 and RAN3.  
2.1	Time-domain adaptations
In time-domain network energy saving adaptations, certain base station (BS) hardware can be turned dynamically ON/OFF, allowing discontinuous transmission and/or reception, and hence BS energy saving. For example, activation and deactivation of the DL RF path (e.g. power amplifier) is denoted as BS discontinuous transmission (DTX), and likewise discontinuous reception (DRX) for the UL RF path. Micro interruptions in the RF paths can also be made at symbol-level in symbols where no transmissions/receptions are to be made, and these are referred to as micro DTX and µDRX, respectively. Although both UL and DL RF paths can be considered, practically, the circuits and hardware components related to BS transmission may consume a much larger energy compared to the BS reception. And so, techniques that extend DTX opportunities may be prioritized over techniques related to DRX for improved NW energy saving.
In R1-2205554, to extend DTX and DRX opportunities, methods of reducing/adapting transmission/reception of both common and semi-persistent channels/signals are considered. Among other channels and signals, SSB/SIB1 reduction/adaptation and SSB/SIB1-less operations for inter-band scenarios are considered. 
Support of more dynamic SSB/SIB1 transmission adaptation means to quickly adapt their periodicities to the current traffic load, this can increase the opportunities to apply µDTX/DRX and in turn increase energy saving potentials, and therefore should be considered. For RRC Connected UEs, there may be not much impact from reduced SSB/SIB1 transmissions and, for example, UE-specific CSI-RSs could be considered as an alternative to the SSBs. 
Proposal 1: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 transmission reduction/adaptation.
Furthermore, if the BS applies µDTX during times when the UE expects to receive (periodic or semi-persistent) channel/signals, the lack of those channels/signals may affect some UE operations. For example, if a CSI-RS transmission should have taken place by the network during a BS µDTX period, and therefore these are omitted, their omission may lead to unnecessary UE energy consumption and triggering additional measurements at the UE. To avoid this, a µDTX indication to UE (or a network sleeping mode indication) may be studied. 
Proposal 2: RAN2 to study procedures and signalling to extend µDTX / network sleeping modes opportunities including µDTX indication to UE e.g. for UE power saving. 
Similarly, in scenarios and networks where µDRX brings promising network energy savings, UE assistance could be considered to extend DRX periods when the UE has been configured with periodic or semi-persistent channel/signals. For example, the UE could assist the network about which Configured Grant (CG)-PUSCH resources it needs to use based on its uplink data transmission.
Proposal 3: RAN2 to study procedures and signalling to extend µDRX / network sleeping modes opportunities including UE assistance. 
Another effective technique for BS energy savings is cell deactivation in low load scenarios. Typically, cell shutdown techniques are initiated by progressively reducing the cell transmitted power, which can then be gradually increased at cell reactivation. By reducing the cell transmit power, the cell coverage shrinks while the area of neighboring cells may be likewise expanded so that the UEs served by the cell can be offloaded to a neighboring cell. However, the transmit power reduction requires SI modification, because the SSB reference power level is defined in SIB1, and, thus, the speed at which the cell power reduction can be enforced is limited by the (relatively long) duration of the SI modification period. This slows down the speed at which active UEs served by the cell that is being switched off can be offloaded to neighboring cells. Enabling faster cell deactivation and a faster offloading of the active UEs can be beneficial to allow a more dynamic usage of cell deactivation techniques. 

Proposal 4: RAN2 to study procedures and signalling to enabling faster cell deactivation (and reactivation) and faster offloading of UE to neighboring cells.

2.2	Power-domain adaptations
In R1-2205554, the following agreement on the dynamic adjustment of transmission power for network energy saving is given:a)	dynamic adjustment of transmission power
•	including which signals/channels the adaptation of transmission power should be applicable for. For example, dynamic DL power control for specific channel / reference signal, such as CSI-RS, adjustment of maximum PSD assigned to PRBs of PDSCH, etc.
•	studying potential UE feedback/assistance information for adjustment of transmission power
•	studying PA efficiency improvements to maintain transmission quality (e.g., EVM) when operating at higher efficiency, potentially with RAN4 involvement
•	studying geographical area/user density to adjust the transmission power


Currently, the DL transmission power (e.g. power spectral density per RE/PRB) is typically fixed by the gNB for all UEs in a cell. One issue with changing e.g. the PDSCH power levels dynamically is that currently the power offset between PDSCH and CSI-RS (so-called powercontrolOffset in TS38.331) is notified to the UE via RRC signaling. Practically, the configured powercontrolOffset value is the assumed ratio at the UE for the UE derivation of the CSI feedback. However, if the transmission power of PDSCH changes while the transmission power of CSI-RS does not change accordingly (e.g. because CSI-RS resources are shared with more than one UE), the actual power offset between PDSCH and CSI-RS will be changed, which may be rather different from the configured value of powercontrolOffset. Then this may have impact on the CSI feedback from the UE since the UE assumed power offset ratio between PDSCH EPRE and CSI-RS RE may be quite different from the actual offset. Therefore, the network may benefit from assistance from the UE to optimally perform the adjustment of transmission power (and bandwidth). 
Proposal 5: RAN2 to study procedures and signalling to enable dynamic transmission power adaptation/reduction including potential UE feedback/assistance information for adjustment of transmission power.

2.3	Spatial-domain adaptations
In R1-2205554, the following agreement on the dynamic adjustment of transmission power for network energy saving is included:e) dynamic TRxP adaptation;
· study of triggering on/off conditions for TRxP(s)
· note this may not have specification impact and could potentially be up to network implementation.
· study of SSB, PL-RS, TRS, and CSI-RS re-configuration and its impact to initial access procedure, synchronization and measurements performed by the idle/inactive/connected UE
f) dynamic logical port adaptation and efficient port reconfigurations
· study details of signaling the port (e.g. NZP CSI-RS ports) (if required to be known by the UE)
· study dynamic adaptation (including activation/deactivation) of CSI measurement or report configuration for port adaptation  •	studying geographical area/user density to adjust the transmission power


Generally, the power consumption scales with the applied hardware, i.e. numbers of transceiver chains with PAs applied, as well as the baseband processing power may scale with the number of active antennas. Practically, the significant energy can be saved for the massive MIMO BS by using only a subset of the available BS antennas and/or transceiver modules, i.e. switching off certain transceiver chains and/or TRPs at certain load. 
In general, it should be studied how to enable/achieve dynamic adaptation of antenna ports while taking into account activation and deactivation delays due to realistic hardware constraints, and its impact on the CSI-RS configuration
Proposal 6: RAN2 to study procedures and signalling to enable dynamic antenna port adaptation/reduction including the impact on the CSI-RS configuration.
Similarly, for dynamic TRP muting it should be studied how to enable/achieve such dynamic adaptation. For example, cell activation/deactivation like approaches may be one way to enable dynamic TRP adaptation and the impact  on UE should be considered.
Proposal 7: RAN2 to study procedures and signalling to enable dynamic TRP muting adaptation including studying the impact to UE .
2.4	Frequency-domain adaptations
Frequency domain adaptations including BW / BWP adaptations and CC adaptations may have limited energy saving potentials depending on the considered RF hardware architectures. As an example, frequency adaptations standalone may not be so promising when considering a wide-band PA that is shared across multiple CCs. However, in general frequency adaptations can be used jointly with other adaptations (e.g. antenna reductions or power reduction) for example to avoid/limit the degradation of the performance KPIs.
Proposal 8: RAN2 to study procedures and signalling to enable frequency-domain adaptations jointly with adaptations in other domains.
3	Conclusion
Proposal 1: RAN2 to study procedures and signalling to enable dynamic SSB/SIB1 transmission reduction/adaptation.
Proposal 2: RAN2 to study procedures and signalling to extend µDTX / network sleeping modes opportunities including DTX indication to UE e.g. for UE power saving. 
Proposal 3: RAN2 to study procedures and signalling to extend µDRX / network sleeping modes opportunities including UE assistance. 
Proposal 4: RAN2 to study procedures and signalling to enabling faster cell deactivation (and reactivation) and faster offloading of UE to neighboring cells.

Proposal 5: RAN2 to study procedures and signalling to enable dynamic transmission power adaptation/reduction including potential UE feedback/assistance information for adjustment of transmission power.
Proposal 6: RAN2 to study procedures and signalling to enable dynamic antenna port adaptation/reduction including the impact on the CSI-RS configuration.
Proposal 7: RAN2 to study procedures and signalling to enable dynamic TRP muting adaptation including studying the impact to UE .
Proposal 8: RAN2 to study procedures and signalling to enable frequency-domain adaptations jointly with adaptations in other domains.




