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[bookmark: _Ref129681832]In RAN#94e, the Rel-18 SI on Network Energy Savings was approved [1] with the following listed objectives:

· Definition of a base station energy consumption model [RAN1]
· Definition of an evaluation methodology and KPIs [RAN1]
· Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception

In this contribution, we present some preliminary considerations and views on the various techniques that has been discussed during the Rel-18 workshop to improve network energy savings. 

Discussion
The higher power consumption of NR, specifically by the gNB is multiple times greater than LTE base stations due to many reasons among them principally by the larger number of Tx/Rx channels, larger bandwidth, and the greater transmission powers. 
A general description on the potential techniques have been given in the SI:
· 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
To facilitate further studies and discussions in RAN1, the various techniques should be compared and evaluated within its own group or class of enhancements, enhancements grouped together by its specification’s implications.  From [2], the various enhancements have been identified have been separated into techniques performing adaptation in spatial, time and/or frequency domain. In our view, these enhancements should also be viewed in terms of its adaptation granularity e.g., enhancements which operates or rely on adaptation at the macro level versus enhancements which adapts at the micro level. We label these macro and micro level adaptations as coarse and fine adaptations, respectively. 
· Coarse level adaptation
This includes dynamic adaptation of the TX/RX port, panel, and/or beam adaptation taking advantage of the spatial diversity. It has been analyzed that by switching off some of the TRX ports, at least for low and medium loaded network, energy consumption can be significantly reduced since the number of associated circuitries are reduced. To enable such coarse level adaptation, at least in RAN1, possible enhancements to the CSI-RS reporting may be needed to assist the network in deciding which and when to dynamically turn on or off the port, panel and/or beam. CSI measurements enhancements and reporting should also be addressed to support possible improved CSI reporting. 
Observation 1: Support of further enhancements in CSI-RS measurements and reporting to enable dynamic and macro level adaptation such as Tx/Rx port, panel, and/or beams.

· Fine level adaptation
The various techniques being discussed operate adaptation in either time, frequency, and/or spatial domains. To provide adaptation with time scale that are in the order of symbol, subframe or frames, the important requirements are to know and be updated with real time traffic and UE distribution information. Among the three different general categories based on time, frequency, and/or spatial domains adaptation to produce energy savings for the network, time adaptation would appear to be the most straightforward. Various approaches would fall under this category and among the more promising in our view would be utilizing some form of dynamic switching off symbol(s) or subframe(s). Commercial trial test results [3][4] have indicated that the energy consumption can be reduced especially for low and medium loaded network with minimal impact on users and system throughput. 
Channels where these time domain adaptation approaches would be beneficial include broadcast and common channels such as the SSB and SI messages, PDCCH and PDSCH in the DL, and reference signals such as the TRS, PRACH and SRS. As an example, current system design of SSB and SIB1 are always ON transmissions designed to allow UE immediate access the network with minimal latency. By considering longer periodicities of these always-on signals, it would immediately result in less transmission power since less activity of beams are needed for the transmissions and reception of these signals. Further enhancements would be to provide for adaptive (or aperiodic) and dynamic adjustment (i.e., on-demand) of the periodicities such as aperiodic transmission of SSB based on the current network needs at the moment e.g., UEs traffic or distribution.
To address and ensure concerns that such adaptation would not result in negative impact, studies should include methods to offset any potential negative impact such as reduced user perceived throughput, call drop rate, increased cell access latency etc.
Proposal 1: Time domain approaches including but not limited to longer and dynamic adaption of periodicities of common and broadcast signals should be supported.
Observation 2: To address and mitigate possible negative impact of adaptation, studies should include methods to offset any potential negative impact such as reduced user perceived throughput, call drop rate, increased cell access latency etc.
In the frequency domain, multicarrier or BWPs adaptation as in LTE turning on or off of small cell since Release 12 should be supported. It should be noted that zero-size BWP was also initially considered during the standardization of BWP in Release 16. A network-based approach to dynamically adapt and adjust the transmission and reception bandwidths should be studied through introduction of new UE signaling and measurements to support these adaptations. 
Cell-level deactivation (and activation) signaling as opposed to UE-specific deactivation (and activation) signaling would enable group of cells with shared-PA carriers with fast on/off signaling, ability to turning on with pre-configured schedule triggered by the signaling. This would be beneficial especially in network with CA and with overlapping coverage per layer/carrier. Turning off some carriers intelligently in such a way to minimize system performance impact should be studied.
Proposal 2: 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.

Many proposals presented during the Rel-18 workshop include studies to improve the PA efficiencies at the gNB i.e., PA with greater linear curve range allowing for operation at greater power hence benefiting both the coverage and throughput. While it is clear that RAN1 studies should include the modeling of the PA efficiency with proper consideration of the linearity of the PA and power back-off, studies such as PAPR reduction methods and out-of-band emissions control would fall within RAN4 expertise.  
Observation 3: Proper PA model that includes the output power curve linearity and backoff should be included in the power model for the study evaluation purposes. Specific improvement of the PA should be discussed and considered in RAN4 instead of RAN1.

Assistance Information  
To adapt either in time, frequency, spatial and power as described above, we will need to rely on new functionalities and improvements of various levels accompanying supports consisting of new measurements, CSI reporting, signaling, and/or assisted information. The use of assistance data was adopted extensively during the Rel-16 work item on NR positioning support where preconfigured DL-PRS assistance data with associated validity criteria can be provided to the UE for potential positioning measurements at a future time.  For the UE power savings work item, we also have the assistance information sent by the UE to the network to feedback its preferred configuration, such as c-DRX configuration, aggregated bandwidth, etc., for network to assist UE achieving power saving gain.   
New UE assistance information report should be introduced to support accurate and flexible network energy saving management. One example is the enabling of timely gNB activation and deactivation of the various adaptation based on the projected or existing UL traffic from the UE i.e., during inactivity periods of the UE’s DL and UL. One approach is to introduce an uplink wake-up signal similar to the one introduced for UE power saving feature. In addition, the UE should be able to send assistance information to the network such as the UE’s traffic, location, preference configuration, etc. With this assistance information, the gNB activation and reactivation can be triggered by the neighbor gNB based on the UE’s assistance data.
Proposal 3: Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported. 


Conclusions
In this contribution, we present our views on the potential enhancements to improve the network energy consumption efficiency. Based on the discussions in the previous sections, we have the following observations and proposals for further considerations: 
Observation 1: Support of further enhancements in CSI-RS measurements and reporting to enable dynamic and macro level adaptation such as Tx/Rx port, panel, and/or beams.
Observation 2: To address and mitigate possible negative impact of adaptation, studies should include methods to offset any potential negative impact such as reduced user perceived throughput, call drop rate, increased cell access latency etc.
Observation 3: Proper PA model that includes the output power curve linearity and backoff should be included in the power model for the study evaluation purposes. Specific improvement of the PA should be discussed and considered in RAN4 instead of RAN1.
Proposal 1: Time domain approaches including but not limited to longer and dynamic adaption of periodicities of common and broadcast signals should be supported.
Proposal 2: 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.
Proposal 3: Assistance information in the form of an UL wake-up signal from the UE to the gNB should be introduced and supported. 
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