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1. Introduction
The new Rel-18 SI of network energy saving NR was approved in RAN#94e [1], and the following objectives are included.
	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.
Note: WGs will decide KPIs to evaluate and how.

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 contribution, we focus on the performance evaluation methods of network energy saving, including the base state energy consumption model and KPIs.
2. Considerations on the BS energy consumption model
2.1 BS energy consumption model
In the RAN1#110, the agreements were reached that multiple sleep modes were defined for the BS energy consumption model and the working assumption table for the relative power and transition time was given[2]. However, there are still some issues to be further discussed.  
	Sleep mode
	Characteristics
	Relative power level
	Additional transition energy
	Total transition time

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1=1
	E1
	T1 

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
(P2>P1)
	P2
	E2
	T2 

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	NA
	NA

	Active UL
	There is only UL reception.
	P5
	NA
	NA



The additional transition energy should not be neglected when calculating the total energy consumption of BS. The power variation of BS when the state changes is non-linear and is related to the implement, the procedure of power variation can be hardly express with an explicit mathematic function, which means calculating the transition energy with integrate is complex. However, since the transition time is rather small, the variation can be regarded as a linear procedure. By doing so, the additional transition energy can be calculated with the arithmetic method.
[bookmark: _Hlk115104627]Observation 1: The transition procedure between states can be regarded as a linear for simplifying the calculation of additional transition energy consumption.
Besides, the agreement has been reached that there is always a non-sleep mode assumed between adjacent sleep modes, based on this assumption, for each state, the additional transition energy should include two part: the transition energy for entering the sleep state from active mode to current mode and the energy from the current mode to the active mode. The additional transition energy consumption can be calculated as follows.
[bookmark: _Hlk115103912]En=(Pn+Pa0)/2*Tn+(Pn+Pa1)/2*Tn 
Where Pa0, Pa1 refers to the power level of the non-sleep mode before and after the current sleep mode, can be either P4/P5 in the table; En, Pn, Tn refers to the energy, power level, and transition time of the current state correspondingly. 
[bookmark: _Hlk115104663]Proposal 1-1: If the direct energy transition between sleep modes is not allowed, then the addition energy consumption of the sleep mode n can be calculated as follow 

Where Pa0 and Pa1 refers to the power level of the previous and subsequent active state (DL or UL).
However, if the transition can happen between two sleep modes directly, the transition energy between sleep mode m and mode n can be calculated as follows, 
[bookmark: _Hlk115104107]Etrans(m,n)=(Pm+Pn)/2*(Tm-Tn)
With this method, the additional energy consumption for each sleep mode is not fixed but related to the transition procedure.
Proposal 1-2: If the direct energy transition between sleep modes is allowed, then the transition energy consumption between sleep mode m and mode n can be calculated as follow 

For the above analysis, if there is always a non-sleep mode assumed between adjacent sleep modes, we need to consider both the state the BS entering and leaving the current sleep mode. Besides, the transition between sleeping modes can happen directly in the practice network, there is no need for the BS to be active then enter another sleeping mode. Therefore, we prefer the direct energy transition between sleep modes is allowed.
Proposal 1-3: The direct energy transition between sleep modes should be allowed both for the convenience of simulation and the close to the practice network.
2.2 Scaling of BS energy consumption model
In last meeting, though no agreement was reached, two alts were given on the scaling method of the BS energy consumption model[2] as follows and to be down selected in this meeting.
	Alt1:
At least for FR1 TDD, 
the BS power consumption for active DL is provided by
 
· : a static part of which the power is not scaled based on reference configurations. Value is to be determined based on
· Category 1: 
· [55, Huawei]
· [140, CATT]
· Category 2: 
· [5.5, Huawei]
· [1.79, Nokia]
· [16, CATT]
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is 
· Category 1: 
· [0, Samsung]
· [57, Huawei]
· [110, Intel] 
· Category 2: 
· [0, Samsung]
· [7.3, Huawei]
· [1.62, Nokia]
· [12, CATT] 
·  is 
· Category 1: 
· [225, Samsung]
· [84, Huawei]
· [115, Intel]
· [30, CATT] 
· Category 2: 
· [26.5, Samsung]
· [9.6, Huawei]
· [10.6, Nokia]
· [4, CATT] 
·  is the PA efficiency 
· For initial evaluations, 
· [0.34, Samsung, Nokia, CATT]
· [0.5, Huawei]
· [1, Intel, CATT]
· The  and  should be reported along with , which may not be perfectly the candidate values in the current list
· FFS whether/how to use a non-linear function to represent .
· , , is the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
· For information:In frequency domain, the PSD per TxRU is assumed as the average DL power in watts per Hz for a given total DL power and the DL TXRUs provided in the reference configuration. For example, the set 1 has total DL power of 55dBm = 316W for 100 MHz and 64 TXRUs, and PSD per TxRU can be determined by -23dBm = 5 µW per Hz.
· FFS: the BS power consumption for active UL is provided by
· 
· 
Alt 3
The power consumption of DL transmission in frequency, power and antenna domain  is provided by
  = (1-)  + 

· P3 and P4 are relative power values of micro sleep and active DL transmission, respectively

·  is the resource usage ratio in frequency domain (percentage)
·  is the ratio of PSD (in dB) between the DL transmission and reference configuration
·  is percentage of active TRxRUs.
·  when  = 1
· α and  are provided in the below table

	Parameters 
	FR1
	FR2

	
	[31%]
	[8%]

	
	[0.86]
	[0.24]

	
	[0.025]
	[0.01]



· Notes,
· In time domain, 
· when slot level model is provided, a time domain scaling factor is linearly applied on , if applicable, or on P, according to 
· (1-alpha)*P3 + alpha*P4 where alpha represents the  ratio of the number of active DL symbols within a slot to  the number of symbols within a slot
· The symbol without active DL is to be treated as micro sleep. 
· Companies to describe how to scale for symbols with different frequency domain allocations.
· If an explicit symbol level model is provided, scaling is not applied
· (Already agreed) system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption
· In frequency domain, for at least inter-band CA, the total power consumption of BS is calculated as the sum of the power consumption of each cell
· For intra-band CA, a scaling factor of [0.75] is assumed on  
· In spatial domain, for M-TRP at least with separate RF chains, the total power consumption of BS is assumed as the sum of the power consumption of each TRP.



In fact, both the two alts have the similar principle on defining the constitute of the total energy consumption, the difference that Alt1 defines from the prospective of each part of the energy consumption, while the Alt3 defines the energy consumption from the overall prospective. With Alt1, the impact of each factor is clearer and the total energy consumption can be calculated easier. Alt3 established the energy consumption with the relative power level of the BS sleeping model, where the P3 can be regarded as the static power level, and the P4 can be regarded as the maximum dynamic power level when all the resources are utilized. It’s a good point of Alt3 that what we want to do is to scale the energy consumption instead of defining the new power calculation method. 
However, there are some conflicts in the current expression of Alt3. By spreading the current expression into 4 components, the Alt3 can be expressed as:
   
 
The red part can be regarded as the baseband components energy consumption not related to the RF and antennas: the P3 can be regarded as the Pstatic in Alt1, and the second part can be regarded as the additional static energy consumption when some frequency resources are utilized for transmission. Representing the  with Putl,4, the green part can be seen as the sa*Pdyna,ante in Alt1, the brown part can be regarded as the sa*Pdyna,joint in Alt1. But there is no corresponding part of the brown part in Alt1, this is because the Alt3 regards there is a part of antenna energy consumption that always exists and won’t be impacted by the sa. from our point of view, this is the static energy consumption of antenna and shouldn’t be reflected by the , but should be considered in the red part already. 
Based on the above analysis, when the sf =0, which means there is no data transmitted in the BS, the red part should be larger than P3, which means the 0.03P4 – P3 should be larger than 0. However, all the categories of parameters assumed in the last meeting can’t satisfy the constraint P3<0.03*P4. Since the parameters of SM were given based on the current implement, the coefficient in Alt3 may need modified. 
Observation 2-1: The coefficients in the Alt3 of scaling method have conflicts with the parameters assumed in the BS sleeping mode. 
Observation 2-2: The static part of antenna energy consumption shouldn’t be influenced by the .
According to the above observations, we propose the Alt3 can be modified as follows if the Alt3 is selected,
Proposal 2-1: We are fine with Alt3 with the following modification 


Where the  represents the fixed part of the PA not influenced by the number of TxRU and the frequency resources utilization;  represents the static energy of P4. And  should satisfy the constraint .
By doing so, the Alt3 expression of energy consumption scaling method has the same structure as the Alt1, and we prefer Alt1 since it is more intuitive than Alt3. Similarly, the parameters in Alt1 should also satisfy the constraint that 

Based on the constraint and the power level of sleeping modes assumed in last meeting, we think the following parameters can be considered:
Category 1:

Category 2:

Observation 3: The parameters in the Alt1 of scaling method should satisfy the constraint 

Proposal 2-2: We prefer Alt1 for the scaling method, and the parameters in Alt1 can be assumed as :
	
	
	
	

	Category 1
	55
	100
	180

	Category 2
	5.5
	10
	22


3. Considerations on the KPIs of the network energy consumption
In last meeting[2], the following agreement has been reached.
	Agreement
· FFS whether to set exact requirements/QoS target for UPT and/or latency impact
· Other KPIs can be optionally reported, conditioned with clear definition/descriptions provided.


From our point of view, to define the exact requirements/Qos target for UPT and latency impact at this time is not appropriate at the time. We need an universal criterion for evaluating the energy gain and performance impact at first, otherwise the performance of different schemes can be difficult to compare. So we propose to introduce the network energy efficiency(EE) for evaluating the KPIs for convenience. No limited to the bps/Joule as defined in [3], the universal expression of EE can be introduced in this SI. The universal expression of EE can be given by 

Where the  refers to the evaluated performance KPI (e.g. capacity, UPT, latency, coverage), and  refers to the energy consumption (in Joule). With the universal expression of the EE, multiple KPIs can be evaluated in a general methodology.
Proposal 3: Instead of set the exact requirements/Qos target, the universal energy efficiency can be used as the KPI for the network energy consumption evaluation. 
· 
·  refers to the focused evaluated performance KPI,
·  refers to the energy consumption (in Joule)
4. Conclusion
In this paper, our views on the issues for BS energy saving model and evaluation are given.
Observation 1:
The transition procedure between states can be regarded as a linear for simplifying the calculation of additional transition energy consumption.
Observation 2-1:
The coefficients in the Alt3 of scaling method have conflicts with the parameters assumed in the BS sleeping mode. 
Observation 2-2:
The static part of antenna energy consumption shouldn’t be influenced by the .
Observation 3: 
The parameters in the Alt1 of scaling method should satisfy the constraint 


Proposal 1-1: 
If the direct energy transition between sleep modes is not allowed, then the addition energy consumption of the sleep mode n can be calculated as follow 

Where Pa0 and Pa1 refers to the power level of the previous and subsequent active state (DL or UL).
[bookmark: _GoBack]Proposal 1-2:
If the direct energy transition between sleep modes is allowed, then the transition energy consumption between sleep mode m and mode n can be calculated as follow 

Proposal 1-3:
The direct energy transition between sleep modes should be allowed both for the convenience of simulation and the close to the practice network.
Proposal 2-1:
We are fine with Alt3 with the following modification 
   
Where the α represents the static part of the PA energy consumption; β represents the static energy in P4 with the constraint

Proposal 2-2: 
We prefer Alt1 for the scaling method, and the parameters in Alt1 can be assumed as :
	
	
	
	

	Category 1
	55
	100
	180

	Category 2
	5.5
	10
	22



Proposal 3: 
The universal energy efficiency can be used as the KPI for the network energy consumption evaluation..
· 
·  refers to the focused evaluated performance KPI,
·  refers to the energy consumption (in Joule)
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