3GPP TSG RAN WG1 #109-e		                                     	  R1-2204832
e-Meeting, May 9th – 20th, 2022

Agenda Item:	9.7.2
Source:	InterDigital, Inc.
Title:	Potential techniques for network energy saving
Document for:	Discussion and Decision
[bookmark: _Ref513464071]Introduction
RAN approved a new study item on Network Energy Saving [1]. The aim and justification of the study item is to reduce operational cost and greenhouse emissions associated with operating 5G base stations, while balancing the impact on network and user performance and limiting impact to legacy UEs. KPIs such as spectral efficiency, capacity, user perceived throughput, latency, UE power consumption, handover performance, call drop rate, and initial access performance are taken into account. Network energy savings techniques to be studied should thus avoid having a large impact to such KPIs.
Accordingly, the SID includes the following objective:
	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

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.



This contribution provides a discussion on possible network energy saving techniques.
Discussion
Power consumption for a transceiver can be broken down to [5]:
· Power amplifier: 57%: an antenna interface, a power amplifier.
· RF: 6%: a radio frequency small-signal transceiver section.
· BB: 13%: a baseband interface including a receiver (uplink) and transmitter (downlink) section.
· DC-DC: 6%: a DC-DC power supply.
· [bookmark: _Hlk101959013]Cooling: 10%: an active cooling system and an AC-DC unit for connection to the electrical power grid.
· Main Supply: 8%

Since the PA consumes most of the gNB power, the most efficient way is to turn off the PA completely. However, this results in having the cell as non-discoverable, and turning the cell on after shutting the PA down takes a considerable amount of time. Therefore, this solution should be reserved for cells whose coverage can be compensated by neighbor cells. The neigboring cells should be able to coordinate with each other as to when to wake-up inactive cells. The conditions that trigger wake-up of inactive cells, e.g., high load detection, UE position information, etc., should be considered.
In order to not affect user throughput or latency, there is a benefit to also operate a cell in a discontinuous network availability mode, whereby the cell can be available only for a portion of slots in a radio frame (e.g., micro sleep), or in deep sleep (e.g., dormant) where the transceiver is assumed to be not available for much longer periodicities.
Proposal 1: Consider the following gNB energy savings states in the study: {On, micro sleep, deep sleep, and PA off}
Compared to earlier systems, the design of NR is efficient from the perspective of minimizing network transmissions of always-on signals when there is no data. However, there is still potential for further energy consumption reduction, as the network still consumes energy when not transmitting for other activities such as baseband digital beamforming processing. Such idle power consumption can be considerable in dense networks, e.g., during low cell load conditions. Network energy consumption can therefore be reduced when the network does not exchange transmissions with the UE.
Depending on cell load and user QoS requirements, it can be more beneficial to operate in micro sleep, deep sleep, or PA off. In lower cell load conditions and when the UE is not expected to be served with tight latency requirements, it can be more energy efficient to turn off the PA for greater energy savings or operate in a dormant/deep sleep state. The network can rely on macro-cells or neighbouring cells for coverage to compensate for the sleeping/turned off cells. gNBs can combine info including UE measurements, UE assistance info, interference status, load information, proprietary info to make this decision. Conversely, the network can turn on dormant capacity boosting cells upon an increase in cell loads. To make cells in dormant or deep sleep state discoverable, the UE should be able to determine that such cells are present, e.g. from the detection of a downlink presence signal or SSB. Further, the UE should perform measurements on such cells and report these measurements or provide UE assistance information to assist the network in cell (de)-activation decisions.  
Proposal 2: Consider techniques to allow discovery and measurement of cells in deep sleep or dormant states.
When the UE requires larger throughput or lower latency, it can be more efficient to keep the PA on and operate the cell in sleep mode. The typical uplink resources for data or UCI transmissions configured may be overprovisioned when it comes to energy savings, as the portion of time used for blind detection of uplink transmissions can be considerable at lower cell loads. It can thus be useful to use techniques that allow dynamic or semi-static adaptation of uplink and downlink resources in response to the UE traffic requirements, i.e., in the micro sleep energy saving state. In this case, when resource utilization is sufficiently low, power consumption may be dynamically adapted based on transmit and receive traffic patterns. The UE may for example signal the intent for such adaptation to ensure the latency of uplink transmissions are met.
Proposal 3: Consider techniques that allow adaptation of transmission and receptions resources at different granularities in the time domain for the micro-sleep state.
For capacity boosting cells operating in FR2 or with mmWave MIMO, the number of active antenna chains/elements or TRPs can be adapted dynamically to the service requirements of the served UEs, e.g., when the UE does not require larger throughput. Further, operating bandwidth can be quite large in FR2 and may not be needed at lower cell loads. It is therefore useful to also support adaptation techniques in the spatial and frequency domains, i.e., for cells in the micro sleep energy saving state. In addition, transmission power can also be optimized in combination with time and frequency domain adaptations. 
Proposal 4: Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
Conclusion.
This contribution proposed the following for network energy savings:
Proposal 1: Consider the following gNB energy savings states in the study: {On, micro sleep, deep sleep, and PA off}
Proposal 2: Consider techniques to allow discovery and measurement of cells in deep sleep or dormant states.
Proposal 3: Consider techniques that allow adaptation of transmission and receptions resources at different granularities in the time domain for the micro-sleep state.
Proposal 4: Consider techniques that allow adaptation of available network resources in the frequency, spatial, and power domains for the micro-sleep state.
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