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[bookmark: _Ref521334010]Introduction
In RAN1#109-e [1], the network energy savings performance evaluation, including evaluation methodology, base station energy consumption model, KPIs and evaluation results were discussed. Some agreements were made as follows:
	Agreement
For evaluation purpose, the energy consumption modelling for a BS includes at least the following:
· Reference configuration
· FFS other details
· Note FR1 and FR2 to be separately considered for detailed parameters
· Multiple power state(s) including sleep/non-sleep mode(s) with relative power, and associated transition time/energy
· Scaling method to be applied at least for non-sleep mode.
· FFS other details including scaling for sleep mode
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 purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.
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
· 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
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.
Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.
Agreement
[bookmark: _GoBack]For evaluation and BS energy consumption modelling purpose, for single CC case, at least the following in table should be considered for reference configuration
· Note: other TX-RX RU number and corresponding BS antenna configuration can be considered in SLS assumptions
	
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2

	Duplex
	TDD
	FDD
	TDD

	System BW
	100 MHz
	20 MHz
	100 MHz

	SCS
	30 kHz
	15 kHz
	120 kHz

	Number of TRP
	1
	1
	1

	Total number of DL TX RUs
	64
	(working assumption) 32
	2

	Total DL power level
	55dBm
	[49dBm] – to be further discussed and finalized in future meetings

	43dBm – to be further discussed and finalized in future meetings

EIRP limited to 78dBm – to be further discussed and finalized in future meetings

	Total number of UL Rx RUs
	64
	(working assumption) 32
	2


Agreement
As a starting point, macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.
Agreement
The evaluation baseline for energy saving study/evaluation for BS includes at least NR R15 mandatory without capability features. Optional features from R15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline.
· FFS: need of alignment for certain configurations/implementation-based schemes.
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




This contribution discusses the evaluation methodology and power model of NR network energy savings, which include evaluation methodology, network energy consumption models, KPIs, simulation assumptions and configurations. The initial results are provided.
Discussion
Evaluation methodology and KPI
The evaluation methodology of network energy saving should include the deployment scenario, simulation assumption of system configuration, traffic model and general network operation procedure. System-level simulation is agreed as baseline evaluation method in last meeting. Other methods, 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. While, there are some issues are remained as FFS for evaluation methodology and KPI, including: 
· Scenario:
· FFS the baseline deployment assumption for FR2.
· Traffic:
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
· FFS associated scenarios/configurations, e.g. C-DRX.
· Evaluation methodology
· FFS: need of alignment for certain configurations/implementation-based schemes.
In this section, network energy evaluation methodology, KPI and related remaining issues are discussed.
Evaluation scenario and assumption
The evaluation methodology of network energy saving should include the deployment scenario, simulation assumption of system configuration, traffic model and general network operation procedure. System-level simulation should be considered for the network energy saving performance evaluation of network energy consumption and energy saving gains. The evaluation methodology and KPI should target for the evaluation of network energy consumption and energy saving gains of network energy saving techniques comparing to the baseline network configuration and operation, and impact on system and user performance, such as system efficiency, system capacity, user perceived throughput, latency and UE power consumption and implementation complexity.
Proposal 1: System-level evaluation should be considered for the network energy consumption and energy saving gains of energy saving techniques comparing to the baseline network configuration and operation.
The single-carrier deployment scenario could be considered as the baseline scenario and the starting point of the evaluation. Multi-carrier scenario should also be included for evaluation. Both Heterogeneous network (HetNet) scenario and Homogeneous network scenario should be included in the evaluation to emulate the real deployment of NR networks. 
· Scenario 1: Single carrier  in urban macro  or rural macro homogenous deployment scenario 
· Homogeneous network is considered as a special case when no micro/small cell is dropped within a given macro cell.
· Scenario 2: multi-carrier in HetNet deployment scenarios with random number of micro/small cell(s) non-uniformly dropping at each macro coverage area to characterize non-uniform user distribution.
· Hetnet deployment could be considered as optional deployment scenario with random number of small cell(s) random dropping within the macro cell

The proposed deployment scenarios for network energy saving are shown in Figure 1.


                 
(a) Scenario 1: single carrier in Homo deployment  (b) Scenario 2: multi-carrier in Hetnet deployment
[bookmark: _Ref111119603]Figure 1: Deployment scenario for network energy evaluation
Proposal 2: Single-carrier in homo deployment and multi-carrier in HetNet deployment scenarios could be considered for evaluation on network energy consumption and energy saving gains.
The deployment scenarios and the associated system parameters and configurations in the system-level simulation assumption for network energy saving are shown in Table 1. The system parameters include carrier frequency, bandwidth, channel model, UE and gNB antenna configuration, and MIMO configurations. Most of system parameters reuse the parameters defined in 3GPP evaluation methodology, such as IMT 2020 evaluation in TR 37.910[2], and UE power saving in TR 38.840[3].
[bookmark: _Ref111119193]Table 1: General simulation assumptions for network energy consumptions
	Parameter
	Configuration

	Deployment 
	Scenraio1:Homogeneous network with single carrier,
Single carrier with urban macro cell or urban micro cell with 53dBm Tx power.
Scenario2:  HetNet (macro + small cells) with CA,
Multi-carrier macro cell 53dBm(200W ) Tx power;
Micro/Small cell with uniform dropping, 30dBm Tx power.

	Numerology
	30 kHz

	Carrier frequency
	FR1: 3.5 GHz
FR2: 28GHz

	TDD Frame structure
	[DDDDD DDDSU]

	System Bandwidth
	Single Carrier (SC) evaluations, 
-	Baseline: 100 MHz
-	Optional: 20MHz, 
CA evaluations, 
-	Optional: N*100 MHz with CA(N is [3])

	gNB antenna configuration
	FR1:
64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) for 55 dBm Tx power, 100 MHz BW and 30 kHz SCS;
WA: 32 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,2,2,1,1,8,2) for 49 dBm Tx power, 25 MHz BW and 15 kHz SCS;
(dH, dV) = (0.5λ, 0.5λ);
FR2:
2 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) for 43 dBm Tx power, 100 MHz BW and 120 kHz SCS.

	UE Antenna configuration
	Baseline: 2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
Optional: 4T/4R, 1T/2R, 2T2R

	PDCCH
	PDCCH region of 2 symbol at beginning of a slot
maximum number of CCEs = 56, 
36 PDCCH blind decoding.

	PDSCH maximum data rate
	Modulation:  256QAM ,
MIMO configuration: 4x4 MIMO, 
Number of RBs for TRS = 52, 
4RX UE Capability =1.



Proposal 3: Most of system parameters of network energy consumption evaluation could reuse the parameters defined in 3GPP evaluation methodology, such as IMT 2020 evaluation in TR 37.910 [2], and UE power saving in TR 38.840 [3].

Traffic model and system load
It was agreed in RAN1#109-e that FTP, IM, VoIP are considered as the baseline traffic model for evaluation of network energy saving. For evaluation purpose, the same traffic model could be considered for both DL and UL performance evaluation. The network energy consumption for UL reception is relatively lower than the network energy consumption of DL transmission. The evaluation of network energy consumption should be prioritized for the potential network energy saving. 
Proposal 4: The same traffic model could be considered for both DL and UL performance evaluation. The evaluation of network energy consumption should be prioritized for the potential network energy saving.
The C-DRX configuration is an important power saving feature for UE, and should be considered as the baseline system configuration for evaluation of network energy saving. The C-DRX configuration for different traffic models used for network energy saving evaluation is listed in Table 2.
[bookmark: _Ref111119210]Table 2: C-DRX configuration assumption for UE
	Parameter
	Configuration 

	DRX configuration
	C-DRX cycle 320msec, inactivity timer {200, 80} msec
· On duration: 10 msec	
C-DRX cycle 160msec, inactivity timer {100, 40} msec
· On duration: 8 msec
C-DRX cycle 40msec, inactivity timer {25, 10} msec
· On duration: 4 msec
Other configurations are not excluded.



Proposal 5: UE C-DRX should be included in the baseline system configuration and evaluation of the network energy saving techniques.  
In RAN1#109-e, it was agreed that the traffic models of FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation.  XR is an important application for the network to support. The network energy saving study should include XR traffic model for the proposed network energy saving techniques. The traffic model to be considered and its association of system load are shown in Table 3.
[bookmark: _Ref111119229]Table 3: Simulation assumptions on traffic model parameters
	System configuration
	Parameters

	Traffic model
	FTP3
	FTP3, 0.5Mbytes per packet;
System load is characterized by ,
· Fixed inter-arrival with mean = 200ms with variation of number of users.

	
	IM
	FTP3, 0.1Mbytes per packet;
System load is characterized ,
· Fixed inter-arrival with mean = 2sec with variation of number of users.

	
	VoIP
	 40 bytes payload (AMR12.2 kbps) with inter-arrival time of 20 ms (TR38.840);
50% activity factor;
System load is characterized by variation of number of VoIP users.

	
	XR
	VR: 
data rate 30,45Mbps;
frame generation rate: 60fps;
PDB 10ms;
System load is characterized by variation of the number of XR users.



Proposal 6: FTP, IM, VoIP, XR should be considered for evaluation purpose. Other models with varied packet size could also be considered.
The evaluation of network energy saving and the proposed network energy saving techniques would depend on the system load. During the discussion of study item objective, the study of network energy saving targets medium and low system load. Since the network operation is to provide services to all active users, the system load in the evaluation would be characterized by the aggregated traffic arrivals from multiple users. The system load of a given traffic type could be expressed as follows, 
S=P*λ*N
Where, S is the system load of a given traffic type, P is average packet size of a given traffic, N is the number of users, λis average packet arrival rate per UE. Since the system load of a given traffic type, such as average packet size and inter arrival rate, the system load would be varied for different traffic types. The system load of a given traffic could be derived by changing the number of users in the system N.
The generalized system load could be described by the Resource Utilization (RU), which the percentage of the radio resources are used to provide the services to all users. The RU characterizes the degree of radio resources used to provide services to the UE and is a good index as the reference of system load. For each service, the system load of a given traffic type would need to adjust the parameters of number of users or average packet arrival rate to meet the given RU criteria. The proposed system load for the evaluation of the network energy saving is shown in Table 4.
[bookmark: _Ref111119250]Table 4: Simulation assumptions on system load
	Load
	Definition 

	Zero system load
	No data transmission, but the essential DL control and broadcast signals/channels for an active cell is transmitted, such as SSB, RMSI, in normal operation.
RU<[5%]

	Light/Low system load
	Reference signal and traffic.
RU <[20%]

	Medium system load
	Reference signal and traffic.
RU <[50%]

	High system load.
	Reference signal and traffic.
RU >[50%]



Proposal 7: The system-level simulation assumption includes the system load based on the radio resource utilization (RU) and traffic model for the study of network energy consumption.

Key performance index of network energy saving
The key performance index (KPI) is the evaluation reference of the network energy saving technique and the associated impact on the network/UE operation. In RAN1#109-e, it was agreed that at least UPT/UE power consumption/access delay/latency should be considered for performance impact evaluation in addition to the energy saving gain in the BS energy consumption evaluation.  Considering the impact to legacy UE, the baseline assumption is the condition of normal network operation with network energy saving technique supporting both Rel-18 and beyond UEs and legacy UEs. The network energy saving gain should be based on energy consumption of network energy saving techniques over that of the baseline network operation. Since the evaluation of network energy saving is proposed to be based on system level simulation, the related system performance outputs, such as system throughput and latency, and UE performance, such as UE power consumption, could be captured together.
· Network energy consumption: the network energy consumption adopted relative model and averaged in slot.
· Energy saving gains: the gain of network energy saving scheme to baseline operation.
· System performance and user performance
· Throughput/SE
· User perceived throughput/Latency
· User power consumption
· System throughput and/or resource utilization/overhead (if applicable) should be reported as the result of the evaluation, in addition to power saving gain.
· If a new signal/channel is introduced, the performance metrics include
· Performance 
· Complexity
· Overhead for reception of the signal/channel 
· If the new signal is used for detection,  the performance metrics include
· False alarm rate 
· Miss-detection rate
Proposal 8: The KPI and relative system performance should be captured along with network energy saving gain in the evaluation of network energy consumption.

Baseline of system configuration for Normal Network Operation for the evaluation of network energy consumption
It was agreed in RAN1#109-e that the evaluation baseline for energy saving study/evaluation for BS includes at least NR Rel-15 mandatory without capability features and optional features from Rel-15 onwards (e.g. CA, MIMO) as well as implementation-based energy saving techniques should be explicitly reported and described if used in the evaluation baseline with FFS “need of alignment for certain configurations/implementation-based schemes”.
The baseline assumption of system configuration for normal network operation should be specified in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique. The normal network operation includes periodic SSB transmission, periodic RACH resource for initial access and random access procedures, the periodic system broadcast information, and resource allocation and transmission of DL/UL control channels. Furthermore, some network operations, such as MIMO configuration, and carrier configuration for CA/DC should also be specified in order to have the clear scope of network energy consumption for the normal NR network operation.  
The baseline network energy consumption should be based on normal network operation to provide services to UE without excessive latency in network access as follows,
· Periodic SSB transmission at each cell
· Including periodic RACH resource for initial access and random access procedures
· Periodic system broadcast information at a cell
· Including paging transmission 
· Resource allocation and transmission of DL/UL control channels  
· CORESET is located at each slot for UE PDCCH monitoring
· UL control channel resource is allocated for each slot 
· Periodic SR resource allocation
· Baseline for scenario specific system configurations
· MIMO 
· Periodic CSI-RS transmission
· Periodic CSI feedback
· CA/DC 
· PDCCH and CSI-RS configuration in SCell
We could classify the network energy consumption into two categories, which are network sleeping state and network active state as illustrated in Figure 2 and Figure 3. 
· Network sleeping state: there is no DL/UL transmission of data and control channels.  SSB could be transmitted to enable UE detection of the cell for access. CORESET#0 is configured for RMSI and Paging transmission.


[bookmark: _Ref111119620]Figure 2: The network operation of network sleep state
· Network active state:  both DL and UL control and data are in active transmission. 


[bookmark: _Ref111119627]Figure 3: The network operation of network active mode

Proposal 9: The baseline configuration and normal network operation should be defined in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique.
[bookmark: _Hlk111025329]The reference system parameters and network configuration/operation should be specified for the study of network energy saving as the baseline for the comparison of energy consumption of network energy saving techniques.
· Downlink: TDD 
· Network transmission power :55 dBm
· Carrier frequency: 4.0 GHz
· Subcarrier spacing (SCS): 30 kHz 
· Number of carrier:  1CC
· System Bandwidth: 100 MHz  
· PDCCH region of 2 symbol at beginning of a slot, 
· Antenna configuration:  
· Network: 64 TxRU, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8)
· UE: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), (dH, dV) = (0.5, N/A)λ
· Signals: 
· SSB with L=2 per slot, 20ms period
· RMSI with 20ms period
· Paging with (320ms, 640ms, 1280ms) period, and beam = number of SSB beams 
· CSI-RS: 4port, density = 1, bandwidth = 273RB
· Number of RBs for TRS = 52RB, 1port, density = 1
· Uplink: TDD
· Subcarrier spacing (SCS): 30 kHz SCS, 
· Number of carrier: 1CC, 
· System Bandwidth: 100MHz, 
· Tx antenna configuration: 2TX, 
· The average energy consumption values are averaged over a slot.
· Different and/or additional parameter assumptions used for evaluation should be clearly stated.
Proposal 10: The reference configuration of network energy consumption should be specified as the baseline for the comparison of energy consumption of network energy saving techniques.

Network energy consumption model
The network energy consumption would strongly depend on the hardware architecture and the selection of hardware components, which would determine the energy consumption of signals processing and control for the operation of NR base station. It is really challenged to have common absolute values of energy consumption for any NR signaling processing and control.   For the modeling of the network energy consumption, the relative energy consumption for DL and UL could be used similar to the power model defined for UE power saving study. 

Network energy consumption model
The modeling of network energy consumption should use the framework of the power consumption modeling and evaluation methodology of TR 38.840 and is based on relative power model.
For evaluation purpose, it is agreed in RAN1#109-e that the BS energy consumption model should at least include the power consumption of BS on slot-level. It was noted during RAN1#109-e discussion that symbol-level power consumption to reflect different BW (or RB utilization)/time-occupancy/tx-rx direction of different symbols in a slot should considered and the detail of symbol level power consumption is FFS.
The gNB energy consumption might be different per symbol due to the different number of RE occupancy and PSD setting at each RE. There are some batch processing, such as FFT engine, channel encoder/decoder, channel interleaver, with the energy consumption cross symbols and cannot be measured at each symbol. The energy consumption should be measured in average of energy consumption over all symbols over a slot.
About DL and UL energy modelling, DL only transmission and UL-only reception could be considered respectively. Because network DL transmission and UL reception processing chain is different and the power consumption components are different. Furthermore, gNB UL reception energy consumption is lower than gNB DL transmission energy consumption. 
Proposal 11: DL-only transmission and UL-only reception could be considered separately.
The normal network operation includes the sleep state and active state. There is no transition time for the transition between sleeping state and active state in the normal network operation. When the gNB is in the sleep state of normal operation, gNB is in standby and in preparation of any signal processing with all RF/BBU/Network components staying on and without any DL/UL transmission. The sleeping state of normal network operation could be defined as the micro sleep state.  
Additional sleeping state could be defined for the network energy saving with some components turning off. There is transition time and energy consumption during the transition when components are turned back ON. If one of more components is turned off at the gNB, the processing chains of DL Tx and UL Rx are not complete to provide service to the UE.   gNB would not be in normal operation. The sleeping mode with component turning off in the UE is that UE is allowed to shut off some components for UE power saving based on the network configuration and indication, e.g., C-DRX, without impact to the service. The sleeping mode with components off at the gNB would have tremendous impact to the service provided to all UEs.  However, some components turning off in the gNB might affect only some part of the processing chain. For example, a BBU could be designed to process baseband signals from multiple carriers in CA, which each carrier is from one RF unit. Some carriers, e.g., SCells, might not be needed to be in standby for processing when the system load is low. Some RF processing units of SCells could be turned off and the BBU is used to process PCell only. When gNB is in active processing state of BBU and Network unit without RF processing unit, it could be defined as light sleep state. If both RF and baseband units are turned off, services could not be provided at this configured cell(s). When gNB is in active processing state of Network only without RF/BBU processing, it could be defined as deep sleep state.  It is noted that the control unit and network unit could not be turned off in order to keep the gNB in services and connection to the CN and other gNB. All sleep modes are illustrated in Figure 4.
[image: ]
(a) Illustration of gNB power consumption components for micro sleep mode when RF, baseband, network, and control components are all turned on without any signal processing
[image: ]
(b) Illustration of gNB power consumption components for light sleep mode when some RF components is turned off and the baseband, network, and controller components stay active

[image: ]
(c) Illustration of gNB power consumption components for deep sleep mode when both RF and basebands are turned off and network and control components stays active
[bookmark: _Ref111119654]Figure 4: Illustration of gNB power consumption components

Proposal 12: For sleep model of gNB energy consumption, micro sleep, light sleep and deep sleep could be defined for evaluation purpose.

Following the framework of power model defined for UE power in [3], we have proposals of the network energy consumption model for sleeping and active state with relative number of 100 from micro sleep based on the actual measurements of power consumption in the deployed NR gNB in Table 5.
[bookmark: _Ref111119265]Table 5: Network energy consumption model
	Power State
	Characteristics
	Relative Power

	Micro sleep
	gNB in active processing state of RF/BBU/Network without any DL/UL transmission.
	[100]

	Light Sleep
	gNB in active processing state of BBU/Network without RF processing (RF components not used for processing with heart beat).
	[60]

	Deep Sleep
	gNB in active processing state of Network only without RF/BBU processing (RF and BB components not used for processing but with heart beat).
	[20]

	SSB
Paging
RMSI
	SSB is transmitted every 20 ms;
CORSET#0 and SIB#0 is transmitted on the same slot;
RMSI periodicity [160 ms];
Default paging cycle [160 ms].
	[110]

	CSI-RS proc.
	TRS is the considered CSI-RS for sync with periodicity of [10] ms;
CSI-RS could be considered for channel state measurement.
	[114]

	PDCCH+ PDSCH
	PDCCH + PDSCH for 100MHz bandwidth with long PUCCH;
The gNB energy consumption is scaled with system load.
	[200]

	PDCCH only
	PDCCH only for UL scheduling or DL cross-slot scheduling.
	[114]

	UL
	PUSCH/PUCCH reception.
	[20]



Proposal 13: The relative power model of network energy consumption is used based on the framework of the power model defined for UE power consumption in TR38.840.
Network energy consumption scaling adaption
The power model of network operation in active and sleeping states in Table 5 is based on the reference system parameters and configuration of single CC. When the network is operated in different system parameters, such as different BWP bandwidth, the power model would be scaled in proportion similar to the power saving model defined in TR38.840. The power scaling scheme for FR1 power states are in Table 6.
[bookmark: _Ref111119310][bookmark: _Ref528491787]Table 6: Network energy consumption scaling
	Scaling
	Proposal
	Comments

	BWP Bandwidth (DL)
	Scaling of X MHz = a + b * X / 100. 
Linear interpolation for intermediate bandwidths. 
· Valid only for X = 5, 10, 20, 40, 80, and 100.
· System load could be considered in proportion to BWP if network adapt the BWP to the system load.
· a =[0.7], b = [0.3]
	The transmission power is scaled with Bandwidth with same power amplifier efficiency (PAE) 
This is for FR1 only.

	BWP Bandwidth (UL)
	No scaling for network power model.
	This is for FR1 only.

	CA (DL)
	PCA = α * PCC;
Intra-frequency CA with sharing PA:  α = [1];
Intra and inter-frequency CA without sharing PA:
FR1
· 2CC:  α = [1.3 ];
· 4CC:  α =[1.9 ];
FR2
· 2CC: α = [1.5];
· 4CC: α = [2.5].
	

	CA (UL)
	No scaling
	Applicable for FR1 and FR2.

	Antenna scaling (DL)
	32TxRU network energy is c * 64TxRU;
16TxRU network energy is c*64TxRU;
Other number TxRU is FFS;
c =[0. 75/0.625] for 32/16 TxRU;
	

	Antenna scaling (UL)
	No scaling.
	

	Tx power 
	Tx power PT relative to the Maximum Tx power Pmax ;
Power consumption of Tx power PT  is [Y + (1-Y)* (PT/Pmax ), Y =~[ 0.8-0.95].
	Tx power is calculated in linear domain.



· Note: Scaling applies only to active power states.
· For UE power modelling, the following power scaling relationship is assumed:
· For simplicity, if the resource allocation is same, and the power could be assumed same, e.g.,
·  The slot-averaged power for "PDCCH+PDSCH+PUCCH" is same as "PDCCH+PDSCH"
· The slot-averaged power for "PDSCH+PUCCH" is same as "PDSCH-only"
· The slot-averaged power for "PDCCH+PUCCH" is the sum of "PDCCH-only" power and "short PUCCH" power.
· For simplicity, if the resource allocation is less than one slot, the power could be linear scaling with symbol
· E.g., the PDCCH-only  power  = (PDCCH-only symbols / 14)*( PDCCH+PDSCH)
· SSB or CSI-RS processing concurrent in a slot, the slot-averaged power = common resource of (SSB+CSI-RS) /total resource of one slot * (PDCCH+PDSCH) power
Proposal 14: The scaling adaption in non-sleep mode is used based on the framework of the power model defined for UE power consumption in TR38.840.
The transition time and energy consumption between sleeping state and active state needs to be specified when some components are turned off. Transition time is to ensure the component back in steady state after being off and has dependency on the gNB structure and implementation. The transition time from light sleep state to active state requires hundreds of msec to stabilize the RF processing chain back to steady state. The transition time and energy consumption from deep sleep to active state will take much longer time since not only both  RF and baseband units need to be back to steady state but also the inter-connection and timing between the RF and baseband units needs to be stabilized. The transition time and relative energy consumption could be defined in Table 7.
[bookmark: _Ref111119324]Table 7: Power consumption model of transition state and transition time
	State
	Relative Transition power/power unit per transition
	Transition time /ms

	Micro Sleep
	0
	0

	Light Sleep
	[40]
	[2]

	Deep Sleep
	[800]
	[20]



[bookmark: _Hlk102120001]Proposal 15: The transition power and transition time between network in active and sleeping state with hardware component OFF should be considered for the evaluation of network energy saving.

Simulation results
In this section, the preliminary evaluation schemes and results for time/spatial/frequency domain are provided. The simulation assumption and network energy model are aligned with above section discussion.

Time domain energy saving results
· Increasing SSB transmission periodicity
When the network system load is light, the network could increase its SSB period to reduce network energy consumption. The details are shown in our companion contribution [4]. In this sub-section, the network energy saving gain with different SSB periods and different number of beams (L) for SSB beam sweeping is evaluated. The evaluation cases are shown in Table 8.
[bookmark: _Ref111119338]Table 8:  Configuration of SSB transmission reduction scheme
	Case
	Configuration 

	Baseline
	SSB with periodicity is 20ms, L=2, 4, 8.

	l
	SSB with periodicity varied 40ms, 80ms, 160ms 320ms, 640ms;
L=2,4,8;
gNB is in  micro sleep between two consecutive SSB bursts transmission.

	2
	SSB with periodicity varied 40ms, 80ms, 160ms 320ms, 640ms;
L=2,4,8;
gNB is in light sleep between two neighboring SSB bursts transmission.



The network energy saving performance of increasing SSB transmission periodicity scheme is shown in Table 9.
[bookmark: _Ref111119350]Table 9: Energy saving gain of increasing SSB transmission periodicity
	Simulation case
	Energy saving gain

	
	L=2
	L=4
	L=8

	Case 1
	0.15%~0.28%
	0.28%~0.55%
	0.56~1.09%

	Case 2
	1.85%~3.56%
	2.8%~5.4
	4.64~9.00%



From the results in Table 9, it could be observed that:
· gNB increases the  SSB transmission periodicity could obtain network energy saving gain from 1.09% to 9% based on different SSB periodicity and number of SSB beam.
· The energy saving of gNB with light sleep between two consecutive SSB bursts transmission is higher than gNB with micro sleep between two consecutive SSB bursts transmission. If the SSB periodicity could increase even further, the gNB could enter deeper sleep and obtain more energy saving gain by means of increasing SSB transmission periodicity. 
Observation 1: gNB with increasing SSB transmission periodicity could obtain network energy saving gain from 1.09% to 9% on different SSB periodicity and number of SSB beam.
· gNB DTX/DRX scheme
gNB could reduce the energy consumption with the DTX transmission in low system load state by allocating same set of C-DRX configuration for all UEs, which including DTX-ON and DTX-OFF.  During DTX-OFF, gNB could go to sleep to reduce energy consumption. The details are shown in our companion contribution [4].
Energy saving gain of the gNB DTX transmission is evaluated as below. The evaluated baseline scheme and gNB DTX transmission schemes are listed as following:
· Baseline: The gNB is always on for the UE transmission.
· Distributed DRX-ON configuration: The gNB DTX aligns with the UE DRX cycles, in which the on-durations of UE DRX are distributed over the DRX cycles for load balance.
· Centralized DRX-ON configuration: The gNB DTX aligns with the UE DRX cycles, in which same on-durations of UE DRX are configured for all UEs.
The evaluation results are provided in Table 10. 
[bookmark: _Ref110515467]Table 10: The energy saving gain (ESG) of the gNB DTX transmission
	Item
	Value

	RU level
	9%
	16%
	39%

	The periodicity of SSB during DTX-OFF(*)
	160ms
	20ms
	80ms
	20ms
	80ms
	20ms

	Average ESG of distributed DRX-ON
	36.3%
	23.7%
	35.7%
	19.9%
	4.5%
	4.5%

	Average ESG of centralized DRX-ON 
	53.3%
	34.5%
	47.3%
	31.8%
	34.6%
	16.4%

	Note *: 
When the periodicity of SSB is configured as 20ms, gNB would fall in light sleep. 
When the periodicity of SSB is configured as 160ms, gNB would fall in deep sleep.



 From the evaluation results in Table 10, it could be observed that,
· gNB DTX transmission with distributed DRX-ON configuration can obtain 4.5%~36.3% energy saving gain. 
· gNB DTX transmission with centralized DRX-ON configuration can obtain 16.4%~53.3% energy saving gain.
· With the decrease of system loads, larger NES gain could be achieved. 
· gNB DTX transmission with centralized DRX-ON configuration has better network energy saving (NES) performance than that of distributed DRX-ON configuration. 
Observation 2: gNB DTX transmission with centralized DRX-ON configuration can obtain 16.4%~53.3% energy saving gain.

Spatial domain energy saving results
Most of network energy consumed at gNB is in AAU. Network could obtain energy saving gain by dynamic adaptation the number of TxRU for AAU. When the system load is light and channel condition is acceptable, gNB could adjust TxRU from 64TxRU to 32TxRU to reduce gNB energy consumption. The details are shown in our companion contribution [4]. The evaluated baseline and dynamic TxRU adaptation scheme are listed as below. 
· Baseline : gNB with 64 TxRU
· Dynamic TxRU adaptation scheme: gNB dynamic TxRU adaptation from 64TxRU to 32 TxRU
The evaluation results of the gNB with TxRU dynamic on/off under the different system loads are shown in Table 11.
[bookmark: _Ref111119439][bookmark: _Ref111119464]Table 11: The energy saving gain (ESG) of the gNB with TxRU dynamic adaptation
	Item
	Value

	RU level
	24%
	30%
	40%

	Average ESG
	13.2%
	16.6%
	18.4%

	Average UPT Loss
	3.6%
	2.3%
	7.2%

	Average Latency Loss
	2.5%
	2.6%
	13.6%



From the evaluation results in Table 11, it could be observed that:
· gNB TxRU dynamic on/off could obtain 13.2% ~ 18.4% energy saving gain  with  3.6%~7.2% UPT loss and 2.5%~13.6% latency loss.
· The network needs balance energy saving gain and system performance loss, e.g., UPT loss, latency loss.
Observation 3: gNB with TxRU dynamic on/off could obtain 13.2% ~ 18.4% energy saving gain with 3.6%~7.2% UPT loss and 2.5% ~ 13.6% latency loss.

Frequency domain energy saving results
In frequency domain, gNB could dynamically switch to different gNB BWP for scheduling DL/UL transmission on demand based on the traffic load requirements of UE serviced at each time for energy saving purpose. When there is no/small traffic transmission, the gNB could set the BW with a small bandwidth for gNB energy saving purpose. When large traffic is arrival, larger bandwidth is used for transmitting according to the traffic requirements. The details are shown in our companion contribution [4].The evaluated baseline and dynamic BWP adaptation scheme are listed as below.
· Baseline: gNB transmits data with 100M Bandwidth.
· Dynamic BWP adaptation Scheme: gNB dynamic adjust BWP according to actual transmission data and resource requirements. 
The ESG of the gNB with dynamic BWP adaptation under the different packet sizes is shown in Table 12.
[bookmark: _Ref111119495]Table 12: The ESG of the gNB with dynamic BWP adaptation under the different packet size
	Item 
	Value

	Packet size(Kbytes)
	0.5 
	1 
	2 
	4
	8

	Average ESG
	21.9%
	18.5%
	15.4%
	9.5%
	5.7%



From the results in Table 12, it could be observed that:
· gNB with dynamic BWP adaption could obtain 5.7%~21.9%  energy saving gain under different packet size.  
· The smaller of packet size or system load is, the higher energy saving gain could be obtained by gNB.
Observation 4: gNB with dynamic BWP adaption could obtain 5.7%~21.9% energy saving gain under different packet size. 

Conclusion
In this contribution, it discussed the evaluation methodology and provided the preliminary results. We have the following observations and proposals,
Proposal 1: System-level evaluation should be considered for the network energy consumption and energy saving gains of energy saving techniques comparing to the baseline network configuration and operation.
Proposal 2: Single-carrier in homo deployment and multi-carrier in HetNet deployment scenarios could be considered for evaluation on network energy consumption and energy saving gains.
Proposal 3: Most of system parameters of network energy consumption evaluation could reuse the parameters defined in 3GPP evaluation methodology, such as IMT 2020 evaluation in TR 37.910 [2], and UE power saving in TR 38.840 [3].
Proposal 4: The same traffic model could be considered for both DL and UL performance evaluation. The evaluation of network energy consumption should be prioritized for the potential network energy saving.
Proposal 5: UE C-DRX should be included in the baseline system configuration and evaluation of the network energy saving techniques.  
Proposal 6: FTP, IM, VoIP, XR should be considered for evaluation purpose. Other models with varied packet size could also be considered.
Proposal 7: The system-level simulation assumption includes the system load based on the radio resource utilization (RU) and traffic model for the study of network energy consumption.
Proposal 8: The KPI and relative system performance should be captured along with network energy saving gain in the evaluation of network energy consumption.
Proposal 9: The baseline configuration and normal network operation should be defined in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique.
Proposal 10: The reference configuration of network energy consumption should be specified as the baseline for the comparison of energy consumption of network energy saving techniques.
Proposal 11: DL-only transmission and UL-only reception could be considered separately.
Proposal 12: For sleep model of gNB energy consumption, micro sleep, light sleep and deep sleep could be defined for evaluation purpose.
Proposal 13: The relative power model of network energy consumption is used based on the framework of the power model defined for UE power consumption in TR38.840.
Proposal 14: The scaling adaption in non-sleep mode is used based on the framework of the power model defined for UE power consumption in TR38.840.
Proposal 15: The transition power and transition time between network in active and sleeping state with hardware component OFF should be considered for the evaluation of network energy saving.
Observation 1: gNB with increasing SSB transmission periodicity could obtain network energy saving gain from 1.09% to 9% on different SSB periodicity and number of SSB beam. 
Observation 2: gNB DTX transmission with centralized DRX-ON configuration can obtain 16.4%~53.3% energy saving gain.
Observation 3: gNB with TxRU dynamic on/off could obtain 13.2% ~ 18.4% energy saving gain with 3.6%~7.2% UPT loss and 2.5% ~ 13.6% latency loss. 
Observation 4: gNB with dynamic BWP adaption could obtain 5.7%~21.9% energy saving gain under different packet size.
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