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Introduction
In this contribution, we first present methodology and KPIs for network energy savings (NES) evaluation, and then base station power model.
[bookmark: _Ref47421117][bookmark: _Hlk23927392]NW Energy Consumption Evaluation Methodology and KPI
The SID has an objective to define an evaluation methodology and KPIs as follows:
	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.
Note: WGs will decide KPIs to evaluate and how.



From our perspective, in addition to NW energy savings, RAN1 should consider network energy efficiency, throughput, coverage and UE performance (power, complexity and latency). It is of importance that NES mechanisms do not jeopardize network and UE performance, e.g., in terms of cell throughput and user perceived throughput (UPT). Furthermore, the proposed NES mechanisms should not affect the UE power consumption, namely the UE power consumption should not increase considerably. Therefore, it is proposed to use as a new KPI on the total energy, Etotal, consumed in the system, which can be a weighted sum of the energy consumed at the gNB, EgNB, and the energy consumed in the UE, EUE. 
Proposal 1: Consider the following metrics when evaluating NW energy savings techniques
· NW energy savings
· NW energy efficiency
· User Perceived Throughput (UPT) 
· Coverage
· UE power, complexity, and latency
· System energy consumption (e.g., a weighted sum of UE energy consumption and BS energy consumption)
The metrics should be evaluated under the same simulation assumptions for baseline and enhancement for various load scenarios.
Since evaluation methodology should consider not only network energy savings but some KPIs related to network and user performance, system-level simulation should be considered for this study. 
Proposal 2: Consider system-level simulation to evaluate network energy savings and related KPIs.
It is necessary to have a common simulation assumption when performing system-level simulation. We can reuse reference system configuration and traffic model in TR 38.840 (UE power evaluation) and TR 38.830 (coverage enhancements) and follow R17 simulation assumptions as a starting point. On FTP traffic model, the current assumption is 0.5 Mbytes packet size with mean inter-arrival time 200ms. We believe that it is beneficial to also evaluate the traffic model with a higher packet size to understand impact of a higher NR data rate to the performance.
Proposal 3: For system-level simulation, reuse reference configuration and traffic model in TR 38.840 (UE power evaluation) and TR 38.830 (coverage enhancements) and follow R17 simulation assumptions as a starting point.
· FTP model 3 with higher packet size can also be considered.

Base Station Power Model
We will first discuss aspects common for both FR1 and FR2, and then provide our views on base station (BS) for FR1 and FR2. For evaluating network energy savings, it is critical to have a BS power model and SID objective is to adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side. 
	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.


Although many aspects of UE power model can be reused to model BS power, there are a few aspects that are specific to the BS power model. Firstly, the BS energy consumption depends on a load that the BS serves. The load affects RF output power and maximum RF output power. It can be presented as a function of frequency utilization and power boosting per resource element. Furthermore, it should be clarified that the load is defined per a CC.
Proposal 4: Define a PA load per a CC in a symbol as follows

· : RF output power 
·  : the maximum RF output power
· : the total number of REs in a CC 
·  if the RE is used. Otherwise,  
·  power boosting for RE  s.t. 
Secondly, since a large portion of BS energy consumption is from power amplifier (PA), it may be reasonable to discuss how PA power consumption can be modeled. More specifically, PA power consumption depends on RF output power and PA efficiency ():

We can take some loss after PA (e.g., filter to maintain emission requirements or feeder loss) as part of PA power consumption model into account. 
Proposal 5: Discuss parameters for PA efficiency and post-PA loss in modeling BS power. 
Another BS power consumption aspect that should be considered is the power loss of the power systems such as DC-DC converter loss, main power supply loss and active cooling. For example, as a starting point, we can reuse some parameters provided in [2] for FR1: 7.5% DC-DC converter loss, 9% main power supply loss and 10% active cooling. For FR2, all of these losses account for roughly 10-20%.
Proposal 6: Discuss parameters for power systems loss (e.g., DC-DC converter loss, main power supply loss, active cooling) in modelling BS power.
Finally, UE power model defines the power for each channel/signal. However, from BS power perspective, it is not clear whether such approach should be pursued. In particular, the power for transmission or reception of a channel may be derived using interpretation between some power states discussed in Section 3.1.2.
Observation 1: No clear need to define BS power for each channel/signal like in UE power model. 
[bookmark: _Ref102031705]FR1
We follow some BS power modelling principles discussed in [3] and use some available lab/field measurement for calibration. The BS power consumption depends on parameters such as bandwidth, load, PA efficiency, the number of TxRUs, spectral efficiency and the number of spatial streams. This section will discuss the BS power model for a reference configuration given in Table 1 for sleep and active states. We will discuss how to use this reference BS power model to derive BS power for a particular BS configuration in Section 3.3.

Proposal 7: Adopt the parameters in Table 1 as a reference for modelling base station power in FR1.

[bookmark: _Ref101796608]Table 1: Reference parameters for BS power modelling
	Config.
	Selected parameter
	value

	General
	Subcarrier spacing (kHz)
	30

	
	Number of component carriers
	1

	
	System bandwidth (MHz)
	100

	MIMO
	# TxRUs
	64

	
	# DL streams
	· 0 for sleep state or active state without transmission and/or reception
· 16 for max active power

	
	# UL streams
	· 0 for sleep state or active state without transmission and/or reception
· 16 for max active power

	
	MIMO config. for a UE
	4x4

	
	MCS
	· N/A for sleep state or active state without transmission and/or reception
· 27 for max active power

	gNB Tx power
	PSD (dBm/MHz)
	33



Sleep state power
For modeling sleep state power, it is reasonable to reuse UE sleep states and the associated transmission times as defined in TR 38.840 to define BS sleep states. Table 2 provides summary of such BS sleep states.
[bookmark: _Ref101794048]Table 2: BS sleep state 
	Power State
	Characteristics
	Total transition time

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	20 ms 

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	6 ms 

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	0 ms



From the power modelling principles, reference parameters and BS sleep properties, we obtained the relative power and additional transition energy for the BS sleep states provided in the following proposal. 
[bookmark: _Ref102056310]Table 3: Base station power model for base station sleep states
	Sleep state
	Relative power
	Additional transition energy
(Relative power x  ms) 
	Total transition time 

	Deep Sleep
	1
	476
	20 ms 

	Light Sleep
	23
	168
	6 ms 

	Micro sleep
	51
	0 
	0 ms 



Proposal 8: Adopt base station power model for base station sleep states in Table 3. 
[bookmark: _Ref102056179]Active state power
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Figure 1: Active state power modelling principle
To model active state power, it should be sufficient to define two power states: base power that is the power for necessary operation even when there is no transmission/reception, and peak power that is the power when the BS operates at its full load. The base power and peak power take aspects such as bandwidth, load, PA efficiency, the number of TxRUs, spectral efficiency and the number of spatial streams into account. 
Proposal 9: For active state BS power, define base power state and peak power state for a reference BS configuration
· Base power is the power for necessary operation when the BS has zero load (i.e., no transmission/reception)
· Peak power is the power when the BS operates at its full load.
It has been observed that the load introduces wider variation on the BS power than other parameters (e.g., spectral efficiency and the number of spatial streams) for a fixed BS configuration (e.g., TxRUs, bandwidth, transmit power, PA efficiency are fixed). Hence, we can focus on loading aspect when computing the power of a channel that has resource utilization within 0 and 1 for the BS configuration. For example, power for a downlink channel transmission at a particular load can be computed by interpolation between base transmit power and peak transmit power. In addition, the power for an uplink channel reception at a particular load can be computed by interpolation between base reception power and peak reception power.
Proposal 10: Compute BS power for a channel based on base power state, peak power state and load for a given BS configuration e.g.,
· Power for a downlink channel transmission at a particular load can be computed by interpolation between base transmit power and peak transmit power.
· Power for an uplink channel reception at a particular load can be computed by interpolation between base reception power and peak reception power.

For reference configuration given in Table 1, we provide base power and peak power in Table 4 and make a corresponding proposal.

[bookmark: _Ref102056445]Table 4: Base power and peak power for computing active state power of a channel/signal
	
	Relative Tx power 
	Relative Rx power 

	Base power (Note 1)
	80
	50

	Peak power (Note 2)
	244
	61

	· Note 1: 100MHz BW, 64 TxRU, 16 streams, active components but no Tx (active PA but not driving any input)
· Note 2: 100MHz BW, 64 TxRU, 16 streams, MCS 27 (PDSCH MCS table 2)



Proposal 11: Adopt base power and peak power for computing active state power of a channel/signal in Table 4.
FR2
For FR2 energy consumption, same observations as the ones for FR1 can be made. Most of the energy is consumed by the PA during transmission and by the LNA in reception. PA energy consumption is heavily affected by the PA output power and by the PA efficiency. After the RF part that consumes most of the power, the second most important contributor to energy consumption is the baseband processing in both transmission and reception. Observations have shown that energy consumption due to baseband processing depends mainly on number of component carriers and on the load per carrier. The number of active transmitter and receiver antennas is also affecting significantly the total energy consumed. Considering that at gNB channels transmitted/received can change significantly per symbol, the recommendation is to get the total energy consumed per symbol. In general, most of the discussion for FR1 is applicable to FR2 with different values. Table 5 summarizes the most important parameters for the reference BS model in FR 2.

[bookmark: _Ref102132237]Table 5: Reference parameters for BS power modelling in FR 2.
	Config.
	Selected parameter
	value

	General
	Subcarrier spacing (kHz)
	120

	
	Number of component carriers
	1

	
	System bandwidth (MHz)
	100

	MIMO
	# TxRUs
	8

	
	# DL streams
	· 0 for sleep state or active state without transmission and/or reception
· 8 for max active power

	
	# UL streams
	· 0 for sleep state or active state without transmission and/or reception
· 8 for max active power

	
	MIMO config. for a UE
	2x2

	
	Modulation
	· N/A for sleep state or active state without transmission and/or reception
· 64QAM for max active power

	gNB Tx power
	PSD (dBm/MHz)
	6



[bookmark: _Ref102054262]BS power consumption scaling for adaptation
It is possible that multiple set of BS power can be defined for different BS configurations e.g., for different antenna configurations or for different number of component carriers or for different PA efficiency values that the network supports. One approach similar to UE power model [4] is to define a BS power model for a reference BS configuration and a scaling factor to derive BS power consumption for other BS configurations. For example, in FR1, we can define the BS power model for a reference BS configuration for a gNB of 64 TxRUs as discussed in Section 3.1, and then define a scaling factor to derive power consumption for reduced antenna configuration (e.g., 32 TxRUs). In another example, we can derive the BS power model for a particular PA efficiency from the reference BS power model using some scaling factor. This scaling consideration is useful for evaluating adaptation aspects in which the BS decides to switch off or to reduce the transmitted beams, or of antenna ports, or when the BS adapts its transmission power level or its transmission bandwidth. Similar considerations for the BS receiver part are also made. 

Observation 2: BS power consumption for a BS configuration can be derived by scaling BS power consumption for a reference BS configuration.

Proposal 12: Discuss base station power consumption scaling for 
· Antenna port adaptation
· Frequency domain adaptation (e.g., # of CCs)
· Transmit power adaptation (e.g., PA efficiency, PA output power, PA load).

Conclusion 
This contribution discusses the KPIs, evaluation methodology and the BS power consumption model for this study. In particular, the following observations and proposals are made:
Observation 1: No clear need to define BS power for each channel/signal like in UE power model. 
Observation 2: BS power consumption for a BS configuration can be derived by scaling BS power consumption for a reference BS configuration.

Proposal 1: Consider the following metrics when evaluating NW energy savings techniques
· NW energy savings
· NW energy efficiency
· User Perceived Throughput (UPT) 
· Coverage
· UE power, complexity, and latency
· System energy consumption (e.g., a weighted sum of UE energy consumption and BS energy consumption)
The metrics should be evaluated under the same simulation assumptions for baseline and enhancement for various load scenarios.
Proposal 2: Consider system-level simulation to evaluate network energy savings and related KPIs.
Proposal 3: For system-level simulation, reuse reference configuration and traffic model in TR 38.840 (UE power evaluation) and TR 38.830 (coverage enhancements) and follow R17 simulation assumptions as a starting point.
· FTP model 3 with higher packet size can also be considered.
Proposal 4: Define a PA load per a CC in a symbol as follows

· : RF output power 
·  : the maximum RF output power
· : the total number of REs in a CC 
·  if the RE is used. Otherwise,  
·  power boosting for RE  s.t. 
Proposal 5: Discuss parameters for PA efficiency and post-PA loss in modeling BS power. 
Proposal 6: Discuss parameters for power systems loss (e.g., DC-DC converter loss, main power supply loss, active cooling) in modelling BS power.
Proposal 7: Adopt the parameters in Table 1 as a reference for modelling base station power in FR1.
Proposal 8: Adopt base station power model for base station sleep states in Table 3.
Proposal 9: For active state BS power, define base power state and peak power state for a reference BS configuration
· Base power is the power for necessary operation when the BS has zero load (i.e., no transmission/reception)
· Peak power is the power when the BS operates at its full load.
Proposal 10: Compute BS power for a channel based on base power state, peak power state and load for a given BS configuration e.g.,
· Power for a downlink channel transmission at a particular load can be computed by interpolation between base transmit power and peak transmit power.
· Power for an uplink channel reception at a particular load can be computed by interpolation between base reception power and peak reception power.
Proposal 11: Adopt base power and peak power for computing active state power of a channel/signal in Table 4.
Proposal 12: Discuss base station power consumption scaling for 
· Antenna port adaptation
· Frequency domain adaptation (e.g., # of CCs)
· Transmit power adaptation (e.g., PA efficiency, PA output power, PA load).
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