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Introduction
Network energy saving (NES) aims to reduce environmental impact and operational cost of operating NR networks, by enabling more efficient adaptation of network transmissions and receptions resources in the time, frequency, spatial, and power domains. NES can thus enable deployment of greener networks with reduced emissions and Opex costs. However, the impact on user performance and legacy UEs should be limited as much as possible.
RAN approved a new work item on network energy saving in Release-18 [1] following a study item phase. The study item [2] considered various time, frequency, spatial, and power domain NES techniques. The SI also developed a network energy consumption model, which was used to evaluate the various NES techniques.
Motivation for Network Energy Saving in Rel-19
Based on the SI, some NES techniques were considered and recommended for normative work in Release-18. Even though many NES techniques were studied and evaluated in the SI, only a small subset were considered for the Release-18 WI, given the limited TU allocation in Rel-18. In the Release-18 work item, initial work on was done on time, spatial, and power domain adaptation for network energy saving, including: cell discontinuous transmission and reception in connected mode, spatial domain adaptation of antenna ports and elements, conditional handover caused by a source cell using NES, and a mechanism for barring UEs not capable of using an NES cell. In addition, initial consideration on SSB-less operation for SCells collocated with SpCell is also considered in the Rel-18 WI. 
Observation 1: 	Many techniques evaluated in TR 38.864 were shown to bring substantial NES gains, but were not included in Rel-18 due to limited TU allocation.
Most Release-18 enhancements focused on connected mode enhancements targeting low load scenarios, avoiding any impacts on Idle or legacy UE operation and focused on reducing energy associated with user specific signals and channels. For example, NES gains from cell DTX and DRX operation can be limited, as the gNB still needs to be ready for periodic SSB, RACH, and paging transmission and reception. Rel-18 power and spatial domain adaptation is limited to PDSCH. More substantial energy saving gains can thus be achieved by considering energy saving techniques in IDLE and Inactive states by adapting common signals and channels, which can be considered in Release-19. This document discusses such further techniques beneficial to reduce network energy consumption.
Observation 2: 	Rel-18 enhancements focused on connected mode, user specific signals and channels, and low load scenarios.
Observation 3: 	More substantial energy saving gains can be achieved by considering energy saving techniques in Idle and Inactive states, by adapting common signals and channels.
Discussion
1.1 Summary of proposals to the Rel-19 workshop
A number of tdocs were submitted to the Rel-19 workshop, motivating further work for network energy saving in R19 and proposing further enhancements.  
Time domain adaptation (within a given carrier):
Proposed time domain enhancements include adaptation of common signals and channels, including PRACH, PUCCH, SSB, and paging signals and channels, complemented with transmission of wake-up requests. Proposals suggest adapting periodicities of SSB and SIB1 transmissions based on factors such as UE-initiated wake-up request transmitted by the UE under some conditions or the LP-WUS in the downlink. The system's energy efficiency is enhanced through the optimization of RACH Occasion periodicities, possibly complemented by dynamically scheduling RACH resources.
To further reduce energy consumption, a low power SSB design is also proposed, which may include variations such as omitting certain components like the PBCH or introducing wide beam LP-SSB with repeated transmissions to ensure effective coverage without time gaps between SSB transmissions. Moreover, energy-saving paging techniques involving the grouping of paging occasions is proposed, possibly facilitated by LP-WUS or PEI subgrouping.
SSB/SIB1-less cells and On Demand SSB:
On-demand SSB reception triggered following the transmission of a wake-up signal by the UE or a LP-WUS by the network is proposed. Triggering of a request for an On-demand SSB can be facilitated by reception of a discovery signal or a simplified SSB from a NES cell. Some companies proposed it for SCells in CA scenarios, e.g. to limit the impact to legacy UEs. For the CA scenario, some SCells may be SSB/SIB1-less, whereby the UE may acquire SI, SSB, or paging from a different anchor cell and perform RA and exchange data is on non-anchor Scell. The On demand SSB may thus work complementing such scenario for SSB/SIB1-less SCells, or may be applicable for single carrier deployments as well, thus also applicable to IDLE and Inactive states.
Spatial and power domain adaptation:
In addition to the R18 spatial and power domain enhancements, few companies proposed further enhancements to enable adaptation of TRPs in a mTRP deployment. Some companies suggesting further enhancing CSI reporting/SRS transmission to support faster or more granular adaptation in the spatial domain. A number of companies also proposed adaptation of transmission power levels of signals and channels, including CSI-RS and SSBs. 
1.2 Proposed scope for the Rel-19 NES WI
Per the network energy consumption simulation model developed in TR 38.864 [2], common signals and channels consume considerable energy. A typical gNB power amplifier consumes the majority of the total base station power consumption, e.g. up to 60%. Therefore, reducing the PA power consumption and that time it’s on is key to achieving substantial energy savings. 
One NES enhancement is to adapt the transmission periodicity of common signals and channels, including PRACH, PUCCH, SSB, and paging signals and channels. Such can by useful to employ when there are no legacy UEs (e.g. in a greenfield deployment), or when non-NES capable UEs are barred, e.g. using the R18 framework for barring non-NES capable UEs from accessing a NES cell.
TR 38.864 states the following [2] on adapting commons signals and channels: the following show the BS energy savings by technique A-1-3, i.e. configuration/ adaptation of longer periodicity of common signals and/or uplink random access opportunities. Based on the results with static configurations from 9 sources, it can be observed that longer SSB/SIB1 periodicity can bring BS with significant energy savings in most cases (with gains up to 84.8%), compared to a selected baseline. When other configurations/settings are the same, the saving gain generally increase as the periodicity becomes larger, and decrease as the traffic load increases or the number of SSBs increases.
Observation 4: 	Per TR 38.864, energy savings from adaptation of longer periodicity of common signals and/or uplink random access opportunities can bring BS with significant energy savings (with gains up to 84.8%).
Proposal 1:	Enable adapting transmission/reception of common channels/signals in Rel-19 NES, including:
· adaptation of SSB/SIB1 transmissions
· adaptation of PRACH occasions
· adaptation of paging occasions
For a CA deployment, intra-band CA with SSB-less carriers has been supported since R15 for both FR1 and FR2. In the Rel-18 NES work item, inter-band CA with SSB-less carriers is part of scope for FR1 for collocated cells. Supporting it for FR2 comes with challenges, e.g. when common beam management is not possible, especially when cells are not collocated.
One NES enhancement is to allow some cells to transmit SSB on demand, e.g. in CA and non-CA deployment. For the non-CA scenario, the cell can transmit discovery signals, possibly not as periodically. Discovery signals can be in the form of a low power SSB or a slim SSB (e.g. without PBCH or with reduced number of SSBs) which can be used for cell discovery and (re)-selection, while on-demand SSBs can be used to complement discovery signals for time and frequency synchronization and full beam alignment in FR2.
TR 38.864 states: SSB and/or SIB1 less operation in two carriers deployment could achieve BS energy savings by 0.3%~98.4% in range on the energy saving cell/carrier.
Proposal 2:	Support On-demand SSB/SIB1 reception for single and multi-carrier scenarios for further network energy saving. 
The energy saving gain from adapting common signals and channels is reduced when the load increases, as mentioned in TR 38.864. It is therefore useful to complement such technique with cell wake up request transmitted by the UE, to enable the UE to access the cell without affecting user experience when needing to exchange data with such NES cell and to ensure energy efficiency at medium/high loads. 
In the context of on demand SSB/SIB1, cell wake up request can also be used to access a NES cell, especially when time and frequency synchronization is not achieved to such cell.
TR 38.864 states the following on cell wake-up request function:
· With sparse SSB of 160ms periodicity transmitted before gNB reception of WUS, 5 sources show technique A 3-1 of UE WUS triggering gNB for SSB/SIB/RACH, with the assumption of ideal detection of UE WUS, could achieve BS energy savings by 6.2% – 80.7% in range with UPT loss by 0%-24.2%, where the gain increases as a function of the WUS period.
· When technique A-3-1 is combined with a light version of SSB and on demand SIB1, one source observed 18.7% network energy savings at low load for FR2, assuming the light version of SSB contains PSS only and its use is to help the UE to get synchronized and to be able to transmit an uplink trigger signal.
Proposal 3:	On-demand SSB/SIB1 reception and adaptation of common signals can be enabled by UE transmission of a wake-up request by the UE.
In Rel-18, RAN2 agreed to support at least a single cell DTX/DRX configuration, and it’s FFS whether multiple configurations of cell DTX or DRX will be supported. This FFS is being discussed in RAN2, and companies are split about whether to support it. 
Multiple configurations allow different sleep periodicities which can be beneficial for the network at different cell load levels. On the other hand, supporting only single configuration in Rel-18 is simpler, and the network can reconfigure by RRC it if needed. Support of multiple configurations in Rel-18 is also dependent on L1/L2 signalling design being discussed. If multiple configurations are supported, only one configuration per serving cell should be active at a given time. If a simple way to support is possible, it should be feasible to add in R18. Most of the burden is on RAN1’s activation indication design. If not possible, this can be added to Rel-19.
Proposal 4:	Extend support of multiple cell DTX/DRX configurations (if no in R18), with at most one single active configuration at a given time per Serving Cell.
Conclusion
In this contribution, R19 scope for energy saving networks is discussed. The following observations and proposals are provided:
 Observation 1: 	Many techniques evaluated in TR 38.864 were shown to bring substantial NES gains, but were not included in Rel-18 due to limited TU allocation.
Observation 2: 	Rel-18 enhancements focused on connected mode, user specific signals and channels, and low load scenarios.
Observation 3: 	More substantial energy saving gains can be achieved by considering energy saving techniques in Idle and Inactive states, by adapting common signals and channels.
Observation 4: 	Per TR 38.864, energy savings from adaptation of longer periodicity of common signals and/or uplink random access opportunities can bring BS with significant energy savings (with gains up to 84.8%).
Proposal 1:	Enable adapting transmission/reception of common channels/signals in Rel-19 NES, including:
· adaptation of SSB/SIB1 transmissions
· adaptation of PRACH occasions
· adaptation of paging occasions
Proposal 2:	Support On-demand SSB/SIB1 reception for single and multi-carrier scenarios for further network energy saving. 
Proposal 3:	On-demand SSB/SIB1 reception and adaptation of common signals can be enabled by UE transmission of a wake-up request by the UE.
Proposal 4:	Extend support of multiple cell DTX/DRX configurations (if no in R18), with at most one single active configuration at a given time per Serving Cell.
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