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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. The following agreements have been made in RAN1#109-e [2]. 

	Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD

Agreement
For evaluation, the scaling in a BS energy consumption model can be considered based on one or more of the following,
· Number of used physical antenna elements, or TX/RX RUs
· FFS: Mapping between used TX/RX RUs and used antenna ports
· FFS: Mapping between physical antenna elements and TX/RX RUs
· Occupied BW/RBs for DL and/or UL in a slot/symbol in one CC
· number of CCs in CA
· FFS dependency of RF sharing 
· number of TRPs
· PSD or transmit power 
· FFS dependency on BW scaling
· FFS: PA energy efficiency value
· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed

Agreement
For BS energy consumption evaluation, in addition to the energy saving gain,
· At least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation
· Note: this doesn’t necessarily mean that all the above are considered for all evaluation results. However, multiple KPIs are expected to be evaluated for a given technique. And this does not preclude to consider other KPIs when found appropriate for certain techniques/scenarios.

Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement
· Similar to UE power saving study, percentage of energy consumption reduction from the baseline is used to express BS energy saving gain.
· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

Working assumption
For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, study the following with potential down-selection in RAN1#110
· Option 1: the power consumption is the total of DL and UL power consumption
· Option 2: the power consumption for UL is neglected
· Other option is not precluded
· Note the DL (or UL) power consumption can be obtained using a same approach as that obtained from the DL (or UL)-only in TDD model




We further discuss BS energy consumption model and evaluation methodology in this contribution.

Discussion
[bookmark: _Ref228947482]BS energy consumption model
In last RAN1 meeting, it is agreed that the BS energy consumption model should at least include the power consumption of BS on slot-level. How to reflect the change of symbol level power consumption was an FFS point. It is straightforward to scale it from the slot level power consumption according to the number of DL and/or UL symbols occupied within a slot. Here, each slot can be classified into two types of slots, namely active slot and inactive slot. As for DL, a slot is an active slot during which OTA transmission is performed, otherwise it is an inactive slot. In addition, an active slot may contain active symbols and inactive symbols. In an active symbol Transmission signal may occupy some or all the usable RBs. To incorporate both the rate of occupied symbols and the rate of occupied RBs, resource utilization rate in a slot (RURslot), i.e., a ratio between used REs and total REs in a slot, can be used in BS energy consumption model. 
For evaluation, consumption power used by the radio units for DL transmission in slot k can be denoted as Gk(Ntrx_ON, RURslot) where Ntrx_on is the number of TXRUs powered on. In case that slot k is an inactive slot, Gk(Ntrx_ON, 0)=0. Furthermore, BS energy consumption for DL, denoted as ECdl , can be expressed as the following algebraic expression,
	
[bookmark: _Hlk111217863]Where k is slot index, F(mode) expresses the power consumption besides the power consumption by the radio units for DL transmission, at least active, inactive-nonsleep and inactive-sleep modes can be considered.


Proposal 1: The change of power consumption in symbol level can be reflected in SLS by taking account of the resource utilization rate in a slot and slot-level power consumption.

Proposal 2: For evaluation, the DL power consumption of a BS can be expressed as follows, 
	
Where k is slot index, Ntrx_ON is the number of TXRUs powered on, RURslot is the resource utilization rate, i.e., a ratio between used REs and total REs in a slot. G(Ntrx_ON, RURslot) and F(mode) express power consumption used by the radio units for DL transmission and the remaining power consumption respectively. G(Ntrx_ON, RURslot)=0 for an inactive slot. As for the mode, at least active, inactive-nonsleep and inactive-sleep modes can be considered.

Evaluation methodology
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 [3]. One difference between UE and BS is that same type of UE but different types of BSs are assumed in different deployment scenario. Consequently, it is not suitable to define a reference state in which BS 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 BS power consumption defined in previous section can be further normalized with the power consumption of baseline. This normalization also matches the agreement that percentage of energy consumption reduction from the baseline is used to express BS energy saving gain. 

Observation 1: Unlike UE, BS does not consume the same amount energy in deep state in different deployment scenario. For the purpose of comparison per deployment scenario, BS power consumption can be further normalized by the power consumption of baseline.

There is often a trade-off between energy saving gains and network/user performance. 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 [4]. By using the aggregated UPT in terms of the aggregated throughput, normalized energy efficiency can reflect the impact on UE performance clearly.

Proposal 3: 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 three cases and evaluated the KPIs discussed above, 
· Case 1: Baseline scenario
· Case 2: In comparison with case 1, half of the TRXUs are turned off when all the data in the buffer is expected to be transmitted within 2 slots.
· Case 3: In comparison with case 1, BS sleeps for 4 slots when all the data in the buffer is expected to be transmitted within 2 slots.
	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 different cases.

Conclusions
We discussed evaluation methodologies and KPIs for BS energy savings performance evaluation. Proposals and observations are summarized as follows,
Proposal 1: For SLS, the change of power consumption in symbol level can be reflected according to the resource utilization rate in a slot and slot-level power consumption.

Proposal 2: For evaluation, the DL power consumption of a BS can be expressed as follows, 
	
Where k is slot index, Ntrx_ON is the number of TXRUs powered on, RURslot is the resource utilization rate, i.e., a ratio between used REs and total REs in a slot. G(Ntrx_ON, RURslot) and F(mode) express power consumption used by the radio units for DL transmission and the remaining power consumption respectively. G(Ntrx_ON, RURslot)=0 for an inactive slot. As for the mode, at least active, inactive-nonsleep and inactive-sleep modes can be considered.

Observation 1: Unlike UE, BS does not consume the same amount energy in deep state in different deployment scenario. For the purpose of comparison per deployment scenario, BS power consumption can be further normalized by the power consumption of baseline.

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


References
[bookmark: _Ref520980791][1] RP-213554, “Study on network energy savings”, RAN#94e, Dec. 6-17, 2021
[2] “RAN1 chair’s note”, RAN1#109-e, May 9-20, 2022
[3] TR38.840v16.0.0, “ Study on User Equipment (UE) power saving in NR”,  June, 2019
[4] TR21.866v15.0.0, “Study on Energy Efficiency Aspects of 3GPP standards”, June 2017

Annex

Simulation assumptions
	Parameter
	Value

	Cell Layout
	5GCM Uma (ISD=500m)

	Carrier frequency
	2.0 GHz

	System bandwidth
	20MHz

	Subcarrier spacing
	15kHz

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

	Transmission power
	49dBm

	Traffic model
	FTP model 3 
[bookmark: _Hlk102126309]Low load (RUR=29%):       λ=2.9, S=0.1MB;  
Medium load (RUR=46%): λ=4.0, S=0.1MB;

	Scheduler
	Proportional Fairness

	Number of layers
	Rank adaptation (1, 2)

	UE dropping
	10UE/cell, 80% indoor, 20% outdoor

	Energy consumption model for active slot
	Fk(active slot) = 32 + NTRX_ON, 
Gk(Ntrx, RUR) = NTRX_ON * RUR
NTRX_ON: the number of TRXUs powered on

	Energy consumption model for inactive slot
	For a slot during which neither DL transmission nor sleep is performed,
Fk(inactive-nonsleep slot) = 32 + NTRX_ON, 
	 Gk(Ntrx, RURslot) = 0

For four slots during which BS sleeps,
	 ,
	 Gk(Ntrx, RURslot) = 0




Simulation results

Low load


	
	Baseline

(Always-on 32TRXUs, no sleep)
	Adaptive sleep mode

(Enter sleep mode when all the data in the buffer is expected to be transmitted within 2 slots) 
	Adaptive reduction of TXRU 

(Turn off 16 TXRUs when all the data in the buffer is expected to be transmitted within 2 slots)

	RUR
	29.1%
	30.8%
	29.4%

	Normalized energy consumption
	100.0 
	55.6 
	83.8 

	Aggregated UPT [Mbps]
	646.5 
	479.2 
	631.1 

	Normalized energy efficiency
	6.5 
	8.6 
	7.5 
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Medium load


	
	Baseline

(Always-on 32TRX, no sleep)
	Adaptive sleep mode

(Enter sleep mode when all the data in the buffer is expected to be transmitted within 2 slots)
	Adaptive reduction of TXRU 

(Turn off 16 TXRUs when all the data in the buffer is expected to be transmitted within 2 slots)

	RUR
	46.6%
	48.3%
	46.6%

	Normalized energy consumption
	100.0 
	70.8 
	88.7 

	Aggregated UPT [Mbps]
	515.8
	400.3 
	507.4 

	Normalized energy efficiency
	5.2 
	5.7 
	5.7 
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