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Introduction
In RAN#94, a study item on network energy savings for NR was approved [1].  An evaluation methodology and KPIs are to be defined in this SI to evaluate various network energy consumption techniques. We share our initial views on the evaluation methodology and KPIs in this contribution.
Discussion
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Fig. 1　DL part can be broken down into no-load period and with-load period. It can also be broken down into active time/slot/symbol and inactive time/slot/symbol.

Considering the potential energy reduction gain, gNB energy saving discussion should focus more on DL. There are two different ways to break DL period into small parts. As shown in Fig. 1, the first way is to break down based on data traffic. No-load period and with-load period are the results. The second way is to break down based on whether transmission is performed or not. This results active time/slot/symbol and inactive time/slot/symbol. The second way suits more to system level simulation. It is because the simulation is normally performed slot by slot or symbol by symbol. 
During inactive time, there is no DL signal transmitted. gNB consumes energy on baseband processing, interface, etc. When possible, energy saving can be realized by introducing sleep mode. During active time, gNB energy consumption additionally depends on number of Tx antenna and transmission power of each Tx antenna. Transmission power of each antenna further depends on resource utilization ratio. Energy saving may be realized by turning off a subset of antennas or reducing transmission power per antenna. In summary, energy consumption in DL, denoted as ECdl , can be expressed as the following algebraic expression,
	
Where k can be symbol index or slot index in the simulation. F(mode) expresses the energy consumption during inactive time, the value depends on whether and what kind of sleep mode is applied. G(Ntx, RUR) expresses the additional energy consumption for transmitting every channel/signal over the air. Ntx is the number of transmission antenna. RUR means resource utilization ratio, i.e. a ratio between used REs and total REs in a slot or symbol.
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Fig. 2 gNB energy consumption model

As described in the SID, gNB energy consumption model is to be defined by adapting the framework of the UE power consumption modelling in TR38.840. Following the basic principle in TR38.840, the values of F(mode) and G(Ntx, RUR) are defined in a relative way.

Proposal 1: A relative gNB energy consumption model is defined in this SI. For DL part, the energy consumption can be expressed as follows, 
	
Where k can be symbol index or slot index in the simulation. F(mode) expresses the energy consumption during inactive time, the value depends on whether and what kind of sleep mode is applied. G(Ntx, RUR) expresses the additional energy consumption for transmitting each signal over the air. Ntx is the number of transmission antenna. RUR means resource utilization ratio, i.e. a ratio between used REs and total REs in a slot or symbol.

Evaluation methodology and KPIs
In the UE power consumption model defined in TR38.840, the relative power in deep state is defined as 1, the power consumption for other state is defined relatively to that of the deep state. One difference between UE and gNB is that same type of UE but different types of gNBs are assumed in different deployment scenario. Consequently, it is not suitable to define a reference state in which gNB consumes power of “1” across different deployment scenarios. In addition, energy saving techniques will be evaluated scenario by scenario. For easy understanding on the gain of energy saving, the gNB energy consumption defined in previous section can be further normalized with the energy consumption in full load case. In this way, the relative value of energy consumption means the proportion to the full load case in each deployment scenario. 

Observation 1: Unlike UE, gNB does not consume the same amount energy in deep state in different deployment scenario.
Proposal 2: Normalized energy consumption, i.e. ECdl/ECdlfl, is considered as a KPI for the evaluation, where ECdlfl means the energy consumption in full load case in each deployment scenario.

There is often a trade-off between energy saving gains and network/user performance. We need to look carefully at KPIs related to network/user performance in addition to energy saving gains. As described in the SID this study prioritizes idle/empty and low/medium load scenarios. Hence user perceived throughput (UPT) is a more straightforward KPI than spectral efficiency and capacity. Latency can also be used as a KPI but basically leads to a same conclusion with the evaluation using UPT.
An energy saving technique may bring good results of normalized energy consumption but bad results of UPT. To compare different energy saving technique more easily, the aggregated UPT divided by normalized energy consumption can be defined as a new KPI namely normalized energy efficiency. In TR21.866, the network energy efficiency is defined as a ratio between the aggregated throughput served in the simulated area and the energy consumption by all the network nodes in the area. By using the aggregated UPT in terms of the aggregated throughput, normalized energy efficiency can reflect the impact on UE performance clearly.

Proposal 3: UPT is considered as a KPI for the evaluation.
Proposal 4: Define a new KPI namely normalized energy efficiency which is equal to the aggregated UPT divided by normalized energy consumption in the simulated area.


Numerical examples
As an example, we simulated the following five cases and evaluated the KPIs discussed above, 
· Case 1: Full buffer scenario
· Case 2: Low load scenario without applying any energy saving techniques
· Case 3: In comparison with case 2, the transmission power of DL transmission is reduced by half.
· Case 4: In comparison with case 2, half of the TRXs are turned off.
· Case 5: In comparison with case 2, gNB sleeps for 4 slots when all the remaining data can be transmitted in a slot by using less than half bandwidths.
	The first two cases are reference cases while the other three cases correspond to three energy saving techniques respectively. The detailed simulation assumption and results are shown in Annex. As the results show, both normalized energy consumption and normalized energy efficiency are straightforward KPIs and can be easily used for comparing case 3, 4 and 5.

Conclusions
We provided initial views on evaluation methodologies and KPIs for gNB energy savings performance evaluation. Proposals and observations are summarized as follows,
Proposal 1: A relative gNB energy consumption model is defined in this SI. For DL part, the energy consumption can be expressed as follows, 
	
Where k can be symbol index or slot index in the simulation. F(mode) expresses the energy consumption during inactive time, the value depends on whether and what kind of sleep mode is applied. G(Ntx, RUR) expresses the additional energy consumption for transmitting each signal over the air. Ntx is the number of transmission antenna. RUR means resource utilization ratio, i.e. a ratio between used REs and total REs in a slot or symbol.

Observation 1: Unlike UE, gNB does not consume the same amount energy in deep state in different deployment scenario.
Proposal 2: Normalized energy consumption which is normalized with the energy consumption in full load case in each deployment scenario is considered as a KPI for the evaluation. 
Proposal 3: UPT is considered as a KPI for the evaluation.
Proposal 4: Define a new KPI namely normalized energy efficiency which is equal to the aggregated UPT divided by normalized energy consumption in the simulated area.
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Annex

Simulation assumptions
	Parameter
	Value
	

	
	32TRX scenario
	4TRX scenario

	Cell Layout
	5GCM Uma (ISD=500m)

	Carrier frequency
	4.0 GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	30kHz

	Antenna array configuration
	Cell: (M, N, P, M_g, N_g)=(4, 4, 2, 1, 1),  (2, 4, 2, 1, 1)
User:(M, N, P, M_g, N_g)=(1, 1, 2, 1, 1)
	Cell: (M, N, P, M_g, N_g)=(4, 4, 2, 1, 1),  (2, 4, 2, 1, 1)
User:(M, N, P, M_g, N_g)=(1, 1, 2, 1, 1)

	Transmission power
	39dBm, 36dBm

	Traffic model
	Full buffer, 
[bookmark: _Hlk102126309]FTP model 3 (λ=1.7, S=0.1MB)
	Full buffer, 
FTP model 3 (λ=0.78, S=0.1MB)

	Scheduler
	Proportional Fairness

	Number of layers
	1

	UE dropping
	10UE/cell, 100% indoor

	Energy consumption model for active slot
	Fk(w transmission) = 32, 
Gk(Ntx, RUR) = 32RUR
	Fk(w transmission) = 32, 
Gk(Ntx, RUR) = 128RUR

	Energy consumption model for inactive slot
	For a slot during which neither DL transmission nor sleep is performed,
Fk(w/o transmission) = 32, 
	 Gk(Ntx, RUR) = 0

For four slots during which sleep is performed,
	 ,
	 Gk(Ntx, RUR) = 0




Simulation results

32TRX scenario
	
	Full, 32TRX, MaxPower
	FTP3, 32TRX, MaxPower
	FTP3, 32TRX, HalfPower
	FTP3, 16TRX, MaxPower
	FTP3, 32TRX, 4SlotSleep

	RUR
	100%
	28.0%
	34.9%
	34.7%
	28.2%

	Normalized energy consumption
	100 
	64.0 
	58.8 
	58.7 
	40.7 

	Aggregated UPT [Mbps]
	-
	4555.3 
	4092.5 
	4052.3 
	3886.4 

	Normalized energy efficiency
	-

	71.1 
	69.6 
	69.0 
	95.5 
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4TRX scenario

	
	Full, 32TRX, MaxPower
	FTP3, 32TRX, MaxPower
	FTP3, 32TRX, HalfPower
	FTP3, 16TRX, MaxPower
	FTP3, 32TRX, 4SlotSleep

	RUR
	100%
	28.2%
	42.4%
	40.6%
	28.5%

	Normalized energy consumption
	100 
	42.5 
	37.0 
	36.2 
	33.2 

	Aggregated UPT [Mbps]
	-
	3715.2 
	2877.4 
	2835.4 
	3216.3 

	Normalized energy efficiency
	-

	87.3 
	77.8 
	78.7 
	97.6 
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