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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 must be considered. Network energy savings techniques to be studied should thus avoid having a large impact to such KPIs.
Accordingly, the SID includes the following objectives:
	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.
2. 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.
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



This contribution provides a discussion on the gNB energy consumption model and modes, a discussion on the simulation methodology, and initial evaluation results for first example scenario in the SID (an FR1 micro cell network).
gNB energy consumption model
A preliminary model for gNB power consumption can be based on the model developed for E-UTRA in [3] and customized for NR gNBs. 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.
· Cooling: 10%: an active cooling system and an AC-DC unit for connection to the electrical power grid.
· Main Supply: 8%

When the PA turns off, cooling systems, main supply and DC-DC converters scale with the power consumption and the remaining do not. One approximation that can be made is when the power amplifier in the TRX is switched off, the energy consumption is reduced to 25% of the energy consumption at maximum load [5]. The gNB can be either fully on, in micro-sleep where the transceiver is awake only for a portion of slots in a radio frame, in deep sleep where the transceiver is assumed to be off for much longer periodicities, or the PA can be completely shut off for best energy savings results. A gNB energy consumption model should therefore take those power saving states into account.
The relation between relative RF output power Pout and BS power consumption Pin is nearly linear, as illustrated in Figure 1 below. The following linear approximation of the power model can be assumed:
                        (1) 

Pmax: Maximum RF output power at maximum load.
Pout: the load dependent RF output power. 
This can be approximated as Pout = cell load  Pmax.
P0: The linear model parameter to represent power consumption at the zero RF output power.
∆p: The slope of the cell load dependent power consumption.
Psleep: Power consumption when components in the TRX enter sleep mode (power amplifier stage deactivation switches into sleep mode at zero load).
NTRX: Number of TRXs. The assumption is that all TRXs of the cell are switched on or off.
Ps: The portion of time sleeping; probability of sleep in the "micro sleep" availability state.


Figure 1: gNB power model for 1 transceiver
The resultant energy consumed by the gNB in a given power savings state (on, off, or sleep) can therefore be:
 							(2)

Proposal 1: A linear cell-load dependent gNB energy consumption model is used for the study. 
Proposal 2: The model considers the {On, micro sleep, deep sleep, and PA off} gNB power savings states. 
Evaluation methodology
We consider an outdoor deployment with 2 micro cells/TRPs per Macro cell, with the macro layer turned off for the purpose of this evaluation, i.e., the urban micro in FR1 scenario mentioned in the SID. Our goal here is to highlight the potential energy savings achievable under a simple deployment. Details regarding the simulation assumptions can be found in the Appendix. Activation and deactivation of micro cells is done based on traffic observations and load of neighboring cells. Deactivation of cells is done based on the load of neighboring cells, while activation/and or offloading of cells is done based on the load of the current cell increasing above a critical threshold. Cell load is measured by resource utilization (RU) (), defined as the number of available (frequency) resources utilized over total number of resources available. A high RU threshold (is used to indicate the critical value at which a cell is considered to be overloaded and needs to offload some traffic/activate a neighboring cell. A low RU threshold  is used to indicate the minimum RU below which a cell can be de-activated (as long as a neighboring cell can accommodate this cell’s load.) RU measured over a time window is used for making decisions regarding cell activation/deactivation and off loading. Utilizing a time average imparts hysteresis, preventing cells from switching states too frequently. For the purpose of these evaluations, we consider cells being in one of two states – “ON” or “PA OFF” as provided in Eqn. (1). We consider the following power model parameters as provided in [5] and use the power model values provided for pico cells (based on max transmission power). The energy consumed for the “ON” or “PA OFF” state is calculated using Eqn. (2), where  corresponds to the  relating to the “ON” or “PA OFF” equations from Eqn. (1), where  is calculated based on cell load as measured by instantaneous RU for the cell: .



Table 1: Power model parameters
	BS type
	NTRX
	Pmax [W]
	P0 [W]
	∆p
	Psleep [W]

	Macro
	6
	20
	130.0
	4.7
	75.0

	Micro
	2
	6.3
	56.0
	2.6
	39.0

	Pico
	2
	0.13
	6.8
	4.0
	4.3



Evaluation results
For the following evaluations, we utilize a low load RU threshold  of 10%, and a high load RU threshold  of 40%. A cell for which the RU falls below the low load threshold is considered for deactivation (based on the load of neighboring cells). On the other hand, a cell whose RU goes above the high load threshold can consider activating neighboring cells for offloading. The time window for RU averaging is 20ms. We simulate two different loading scenarios: Load 2 offers a slightly higher combined load, while Load 1 offers a slightly lower combined load, but greater load variation across the system than Load 2. The evaluation results are provided in Table 2. In the table, UPT and energy saving gain (ESG) are compared for the proposed Network Energy Saving (NES) scheme and the baseline.  

  Table 2: Evaluation results
	Load 1: { = {0.29, 0.71}
	Load 2: { = {0.43, 0.65}

	Baseline
(Always ON)
Mean UPT(Mbps)
	NES 
Mean UPT 
(Mbps)
	UPT gain/loss
(NES vs Baseline)
(%)
	ESG
(NES vs Baseline)
(%)
	Baseline
(Always ON)
Mean UPT
(Mbps)
	NES
Mean UPT
(Mbps)
	UPT gain/loss
(NES vs Baseline)
(%)
	ESG
(NES vs Baseline)
(%)

	24.27
	22.90
	-5.64%
	25.21%
	14.82
	14.53
	-1.96%
	14.25%



The results demonstrate that significant energy savings gain can be achieved while ensuring nearly comparable user level QoS (throughput). We can see that the achievable energy savings gain is higher when overall load variability in the system is greater; the ESG is 25.21% with Load 1, and with Load 2 it is 14.25%. This is a result of the fact that higher load variability allows for greater opportunities for cell de-activation, and hence greater energy savings gains.
Observation 1: Considerable energy savings gain can be achieved for low-medium cell loads while ensuring nearly comparable user level QoS (throughput).
Conclusion.
This contribution has provided initial evaluation results for network energy savings and has proposed the following:
Proposal 1: A linear cell-load dependent gNB energy consumption model is used for the study. 
Proposal 2: The model considers the {On, micro sleep, deep sleep, and PA off} gNB power savings states. 
Observation 1: Considerable energy savings gain can be achieved for low-medium cell loads while ensuring nearly comparable user level QoS (throughput).
Appendix
Table 3: Outdoor small cell scenario
	Parameters
	Outdoor micro cell deployment

	Layout for nodes
	

Micro layer: Random drop (all micro BSs are outdoor)
2 micro BSs per macro BS (macro layer turned off)

	Carrier Channel Bandwidth
	20MHz

	Number of carriers
	1

	Number of users per cell
	10 UEs associated with each gNB per 20MHz

	SCS
	30 KHz

	Macro ISD 
	200 m 

	Channel Model
	NR UMi street canyon

	BS Tx Power
	23dBm (total across all TX antennas)

	UE Tx Power
	18dBm (total across all TX antennas)

	BS Antenna gain
	0 dBi   

	UE Antenna gain
	0 dBi

	BS Noise Figure
	5dB

	UE Receiver Noise Figure
	9dB

	UE receiver
	MMSE-IRC as the baseline receiver

	BS antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 2, 2, 1, 1), dH = dV = 0.5 λ

	UE antenna Array configuration
	(M, N, P, Mg, Ng) = (1, 1, 2, 1, 1), dH = dV = 0.5 λ

	Traffic model
	Use 36.889 Table A.1.1. 
Two packet arrival rates considered. One for a low load (, another for a medium/higher ). Half the UEs are assigned , the other half . The loads are re-assigned every 20% of the simulation duration, to randomize arrival rates across the network. 
For the ESG, we count ON and OFF state for the micro cell and utilize Eqn. (1) for energy consumption.
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