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Background
RAN#95-e the SID is updated in RP-220297 [1]. The RAN2 related objective are as below.
	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


In this paper, we share some analysis on power consumption in base station and sleep mode.
Discussion
Power consumption in gNB
A typical base station consists of BBU (Baseband Unit) and 3 AAUs (Active Antenna Unit) for 3 sectors, where BBU consists of UMPT (Universal Main Processing & Transmission) unit and UBBP (Universal Baseband Processing) unit. BBU is used for baseband processing such as data coding, and transmits the processed data to AAU. The energy consumption of BBU is mainly related to the number of baseband units, more baseband units, higher energy consumption, the network energy saving scheme or the downlink PRB utilization rate has little impact on the energy consumption of BBU. AAU consists of BBL (Baseband Lower), IRF (Intermediate Radio Frequency), TRX (Transmission and Receiver Unit), PA (Power Amplifier), and filter. AAU is used for L1 baseband processing such as precoding, resource mapping, A/D conversion, and transmits the signal through antenna element to air interface. The energy consumption of AAU is mainly related to the working states of BBL, IRF, TRX, and PA units, different working states can save 10%-80% energy consumption of AAU. Besides, for a base station, the ratio of BBU energy consumption and AAU energy consumption is about 1:10. Therefore, the energy consumption of AAU is the main part of energy consumption for the base station. 
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Figure 1. Composition for Base Station
Observation 1: The energy consumption of AAU is the main part of energy consumption for the base station. 
Three sleep modes
RAN1 has studied on the sleep state and energy consumption model. Here we share a brief view of the sleep state.
The energy consumption of base station is mainly related to the working states of BBL, IRF, TRX, and PA units, as shown in Fig.2, different working states of these units and different duration of the sleep interval define different level of base station sleep states, including deep sleep, light sleep, and micro sleep, targeting different modes of base station operation.
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Figure 2. Sleep States for Base Station
Deep sleep mode: In deep sleep mode, BS is in the lowest energy consumption mode and a long sleep period is possible. To minimize energy consumption during the long sleep period, PAs, TRXs, and most of the IRF units are turned off, leaving a minimum set of resources of BBL units in operation. Wakeup from this mode requires a certain amount of time and energy to restart the IRF, TRX and PA units before useful activity can take place. The transition time from deep sleep mode to non-sleep mode is second level, which includes both ramp down and ramp up transition time. The model also includes a wakeup energy which represents the cost of system configuration and returning to the sleep mode. This energy increases average power consumption at a rate proportional to the number of wakeups per second. It is therefore desirable to combine activities in a single wakeup where possible, to minimize the total number of wakeup occasions. Since Rx RUs and IRF units are also turned off in deep sleep mode, UL reception is not available in deep sleep mode. Based on measurement results, BS in deep sleep can save 20%-50% energy consumption.
Light sleep mode: The light sleep mode is used to model the mode where PAs, TRXs and related analog processing units in IRF are turned off. The light sleep mode disables fewer energy consuming resources than deep sleep, and can therefore be restarted more quickly. This makes the energy consumption in the light sleep mode higher, but reduces the wakeup energy. This means that for short periods of sleep it is more economical to remain in light sleep than to enter deep sleep. The transition time from light sleep mode to non-sleep mode is millisecond level, which includes both ramp down and ramp up transition time. Since TRXs are also turned off in light sleep mode, UL reception is not available in light sleep mode. Based on measurement results, BS in light sleep can save 20% energy consumption, but the throughput of cell edge UE will drop by 20%-40%, and the UEs in other areas are not affected.
Micro sleep mode: Micro sleep mode is used to model short inactivity gaps when no data is transmitted. The inactivity periods are too short to disable and restart more energy consuming resources, but power savings can still be made by putting inactive logic into a low power mode. It is used primarily to model the short period in TTI where no data is transmitted. The transition time from micro sleep mode to non-sleep mode is TTI level, which includes both ramp down and ramp up transition time, and the transition energy from micro sleep mode to non-sleep mode is almost zero. During micro sleep state, BS is neither transmitting nor receiving. For UL reception, BS could ramp up to non-sleep mode in TTI level for UL reception. Based on measurement results, BS in micro sleep can save 10% energy consumption, and has no impact on network performance.
Proposal 1: Three sleep modes can be considered in the energy consumption model for BS:
· Deep sleep mode is used to model the mode where most of PAs, TRXs, and IRF are turned off, and the transition time from or to non-sleep mode is second level. 
· Light sleep mode is used to model the mode where some TRXs are turned off, and the transition time from or to non-sleep mode is millisecond level. 
· Micro sleep mode is used to model the short period in TTI where no data is transmitted, and the transition time from or to non-sleep mode is almost 0ms.
Confirm on the scenario
In the SID, it was captured that “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.” We would like to confirm on the studied scenario in this study item, that we mainly focus on the idle and low load scenario, e.g., PRB usage for the concerning cell is lower than 10%.
Proposal 2: This SI will prioritize the idle and low load scenario, e.g., PRB usage for the concerning cell is lower than 10%.
Conclusion
In this contribution, we share some analysis on the power consumption in gNB as well as three sleep model. Proposals are as follows:
Observation 1: The energy consumption of AAU is the main part of energy consumption for the base station. 
Proposal 1: Three sleep modes can be considered in the energy consumption model for BS:
· Deep sleep mode is used to model the mode where most of PAs, TRXs, and IRF are turned off, and the transition time from or to non-sleep mode is second level. 
· Light sleep mode is used to model the mode where some TRXs are turned off, and the transition time from or to non-sleep mode is millisecond level. 
· Micro sleep mode is used to model the short period in TTI where no data is transmitted, and the transition time from or to non-sleep mode is almost 0ms.
Proposal 2: This SI will prioritize the idle and low load scenario, e.g., PRB usage for the concerning cell is lower than 10%.
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