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[bookmark: _Hlk66110521]The following agreements have been endorsed in RAN1#109-e.
	Agreement in RAN1#109-e
For evaluation purpose, the energy consumption modeling 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 in RAN1#109-e
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 in RAN1#109-e
· 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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement in RAN1#109-e
· 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 in RAN1#109-e
For evaluation and BS energy consumption modeling 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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
· 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 in RAN1#109-e
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 provides methodology details based on the above agreements.
Energy consumption model for BS
Framework for modelling BS energy consumption
Symbol level
In RAN#109-e, companies have agreed the BS energy consumption model should at least include the power consumption of BS on slot level. However, it is still FFS about details, e.g., explicit symbol-level power modeling, scaling slot-level power to symbol-level power for various cases, etc.
Use cases of symbol-level power modeling may include SSB (e.g., eight symbols in a slot) and SIB1 (e.g., 4 or 5 symbols in a slot) evaluation. The PRO is to evaluate the common signal reduction in detail, e.g., SSB-less and SIB1-less operations. The CON is to complicate system-level simulations (SLS) or increase BS power states.
Based on the PRO and CON analysis, we propose a single scaling factor for symbol-level at least for DL, e.g., SSB, CSI-RS, TRS, and PDCCH, preventing complex SLS and simplifying BS power states.
Symbol-level power modeling benefits SSB/SIB1-less evaluations but may complicate SLS and add non-necessary BS power states. 
For the symbol-level power modeling, introduce a single scaling factor based on the slot-level power modeling.

DL and UL association 
In RAN1#109-e, companies have agreed that the BS power consumption for DL and UL are separately modeled, at least for non-sleep mode and TDD. However, it is FFS whether/how to define an idle state, where BS is neither transmitting nor receiving but doesn’t enter any sleep mode or define it as a sleep state. Use cases of the idle state may include BS power evaluation on RACH occasions and configured grant (CG) PUSCH monitoring.
The PRO is to completely decouple DL and UL power consumption models, potentially simplifying SLS and BS power states. The CON is a potential lack of BS support. A BS may implement UL and DL power-hungry components in an entangled manner, providing better cost and energy efficiency than the decoupled one, mainly when the BS is operated to achieve its max capacity. In this case, there will be no idle state for BS power. 
Based on the PRO and CON analysis, we propose not to introduce a separated idle state, only a joint active or sleep state determined per slot. An active state has DL, UL, or both (FDD). Otherwise, it should be a sleep state.
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Figure 1: an illustration of active and sleep states per slot.
BS may implement DL and UL power-hungry components entangled, which leads to high BS power consumption for UL signal reception and monitoring.
For the DL and UL association, do not introduce a separated idle state. Consider only joint active or sleep states per slot.

FDD operation
In RAN1#109-e, companies have agreed to study the following with potential down-selection. Option 1: the power consumption is the total DL and UL power consumption. Option 2: the power consumption for UL is neglected. However, it is unclear whether to ignore the UL power consumption.
If UL and DL components could be entangled, the power consumption for UL may not be neglected.
The power consumption for UL may depend on BS implementation, and the power consumption values reported from companies in RAN1#109-e seem nonnegligible. 
For FDD operation, down-select Option 1: the power consumption is the total DL and UL power consumption listed in RAN1#109-e to evaluate BS power consumption for FDD. 

Reference configurations
In RAN#109-e, companies have agreed to further discuss and finalize the reference configurations for NWES. The remaining values that need to be addressed are the total DL power level and the total number of DL/UL TXRUs. 
The current values are from TR 38.802 Table A.2.1-1 and Table A.2.1-4, according to Urban Macro for FR1 (below 6GHz) and FR2 (above 6GHz). However, Urban macro for FR1 and FR2 may not cover a heterogenous network scenario, where NW may turn capacity booster cells off when coverage provider cells exist. To better support evaluation, Dense Urban settings in TR 38.802 Table A.2.1-1 can be considered as given below.
Table 1: Proposed reference configurations
	
	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

	[33+7 dBm] 43dBm – to be further discussed and finalized in future meetings

Note. +7 dBm to scale power up from 20MHz to 100MHz.

EIRP limited to [68dBm] 78dBm – to be further discussed and finalized in future meetings

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


The working assumption of reference configurations may not cover a heterogenous network scenario consisting of coverage provider (Marco) and capacity booster (Micro) cells.
For reference configuration, confirm the working assumption for Set2 FR1. Consider updating Set3 FR2 settings based on Micro layer settings from Table A.2.1-1 in TR 38.802.

Power states and transition time
In RAN1#109-e, companies have agreed to study how to define sleep modes and determine the characteristics of each mode. However, details are still FFS. Our proposal is given below.
Table 2: BS power states per slot
	Power State (per slot)
	Characteristics
	Relative Energy 

	Sleep 
	 Deep Sleep (SM3)
	Enter from Light sleep if no traffic comes within . Requires transition time  from/to Light Sleep.
	[1]

	
	 Light Sleep (SM2)
	Enter from Micro sleep if no traffic comes within . Requires transition time  from/to Micro Sleep.
	[2]

	
	 Micro Sleep (SM1)
	Assume immediate transition from or to a non-sleep state.
	[10]

	Active
	SSB only 
	SSB transmission. It is used as an indicator to calibrate companies’ proposals.
	[100]


	
	DL only
	Assume DL transmission occupies 100 MHz bandwidth with the full traffic load and full TX power, e.g., 55dBm.
	[250]


	
	UL only
	Assume UL reception with 100 MHz bandwidth under full data load. Assuming UL and DL have common power consumption components, BS cannot turn them off.
	[85]


	
	DL and UL simultaneously (FDD)
	Assume the power consumption is the total of DL and UL power consumption. Assume a sharing factor = [0.5] for shared DL and UL power-hungry components.
	[250] x DL scaling + [1-0.5] x [85] x UL scaling


BS power states should include “SSB only” as an indicator to calibrate companies’ proposals.
For BS power states, it can include Micro Sleep, Light Sleep, Deep Sleep, SSB only, DL only, UL only, and DL and UL simultaneously. 
The state machine's transition time between each energy state is based on idle time to monitor traffic and transition delay. The power states transition is incremental, reducing latency to any incoming traffic and preventing frequent switches between deep sleep and active. 
Another benefit is to prevent determining transition energy between states, which may facilitate meeting progress.
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Figure 2: the state machine for BS power states transitions
Table 3: The transition threshold and delay in the gNB energy state machine
	Sleep Mode
	Idle-time threshold,  [ms]
	Transition delay,  [ms] 

	Micro Sleep (SM 1)
	0
	0

	Light Sleep (SM 2)
	1
	1

	Deep Sleep (SM 3)
	10
	9


The following table compares the predictive state machine and the incremental state machine.
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	Issue
	Predictive
	Incremental

	How to select an SM mode?
	Non-realistic. BS needs to know the future traffic to determine an SM mode.
	Realistic. BS monitors the current traffic during a given idle time.

	How to evaluate scheduling latency?
	Unclear. It depends on gNB implementation, e.g., prediction algorithms.
	Doable. The delay is from traffic being monitored to state machine back to active.

	How to define wake-up energy
	Difficult. How much it costs for BS to enter SM modes needs further discussions.
	No need. It only needs transition and idle time to determine wake-up energy.


Using the state machine for BS power state transitions may prevent frequent switches between Active and Deep Sleep states, which seems more practical for BS implementation.
For power states and transition time, consider the incremental state machine for sleep modes, including idle time and transition delay.

Scaling 
In RAN1#109-e, the remaining issues are TxRU mappings, RF sharing, PSD, and PA efficiency. For the scaling factors, our current evaluation uses the following scaling assumptions. Note scaling is applied only for active states.
[bookmark: _Ref111043254]Table 4: BS energy consumption scaling for FR1
	Scaling
	Proposal

	Comment

	Resource Utilization/BW
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80 for X = 10, 20, 40, 80, or 100. 
	Linear interpolation for intermediate bandwidths.
Relative power is scaled down when the simulation BW, e.g., 20MHz, is smaller than the system BW, e.g., 100MHz.

	Symbol level
	Scaling of X symbols within a slot = X/14 (normal CP) for X = 1, 2,…,14
	Scaling of X symbols within a slot = X/14 (normal CP)

	Carrier Aggregation
	Scaling of X CC = (1 + 0.7*(X-1)) x 1CC for X = 1, 2,…,16
	RF sharing is up to BS implementation, e.g., inter-frequency bands may use independent RF modules, and intra-frequency bands may share the same RF modules. Considering additional power consumption for BBU or AAU, using 1.7 seems reasonable.
Assume a 30% sharing factor for a PCell and SCell(s).

	TxRU scaling
	Scaling of X TxRU is 0.1 + 0.9 * X/64, for X = 1, …, 64. Assume the total TxRU is 64 and 90% power on the active antenna system. 
Suppose TxRU includes PA. In this case, turning off TxRU will turn off PA, thus reducing TX power. For example, BS TX power = 55 dBm for 64 TxRU, BS TX power = 52 dBm for 32 TxRU, and BS TX power = 49 dBm for 16 TxRU for 20MHz system bandwidth. 
	Assume linear scaling between the max load and the idle.  
Reduce BS TX power as TxRU reduces.
It is sufficient for mappings between TxRU and spatial elements to provide antenna configurations, e.g., (M, N, P, Mg, Ng; Mp, Np). 

	Power scaling
	Scaling X max TX power is , for X = 0,…, 55. 
For PDSCH, scaling X max TX power is , for X = 0,…, 55, Y = -11,…21. The value Y is provided via ss-PBCH-BlockPower, powerControlOffsetSS, and powerControlOffset.
FFS. Any scaling on a PA efficiency value.

	Scales down the relative power based on BS TX power. X = 1 for max TX power = 55 dBm, X = [0.7] for max TX power = 52dBm, and X = [0.55] for max TX power = 49 dBm.
RU scaling can be added on top of power scaling, e.g., X = 0.7 x 0.625 for max TX power = 52dBm and BW = 50MHz.  
In case to evaluate dynamic PDSCH power adaptation, additional power offset Y may need to be considered.  
PA efficiency can be a constant, e.g.,  = 0.39 shown in David'2021, or >0.5 with Gallium Nitride PA shown in NGMN'21.
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Figure 3: illustration of RU scaling and BS TX power scaling.
Three is no use cases on NWES techniques for TxRU mappings and PA efficiency according to companies’ input in RAN1#109-e.
BS TX power scaling can be independent of RU scaling. The BS TX power scaling determines a relative power for the system BW, e.g., 100MHz, and RU scaling determines a relative power for the simulation BW per slot, e.g., 20MHz. 
For scaling factors, our proposals are below. Table 4 provides more details.
	Scaling on ACTIVE states
	Proposal


	Resource Utilization/BW
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80 for X = 10, 20, 40, 80, or 100. 

	Symbol-level scaling
	Scaling of X symbols within a slot = X/14 (normal CP) for X = 1, 2,…,14

	Carrier Aggregation
	Scaling of X CC = 1.7 * X/2 * 1CC. For example, 2CC is 1.7 * 1CC, 4CC is 3.4 * 1CC, and 32 CC is 27.7 * 1CC. 

	TxRU scaling
	Scaling of X TxRU is 0.1 + 0.9 * X/64, for X = 1, …, 64. BS TX power = 55 dBm for 64 TxRU, BS TX power = 52 dBm for 32 TxRU, and BS TX power = 49 dBm for 16 TxRU. 

	Power scaling
	Scaling X max TX power is , for X = 0,…, 55. 
For PDSCH, scaling X max TX power is , for X = 0,…, 55, Y = -11,…21. The value Y is provided via ss-PBCH-BlockPower, powerControlOffsetSS, and powerControlOffset.


Methodology
KPI
In RAN1#109-e, companies have agreed the evaluation baseline shall include at least NR R15 mandatory without capability features. However, it is still FFS on whether to consider associated scenarios/configurations, e.g., C-DRX.
C-DRX is an NR R15 mandatory without capability feature, essential to evaluate UE power consumption and latency for NWES techniques. Considering UE power consumption and latency are critical KPIs, we propose to include C-DRX from TR 38.840 to evaluate UE latency and power consumption impacts.
[bookmark: _Hlk111220256]R15 C-DRX is an NR R15 mandatory without capability feature, essential to evaluate UE power consumption and latency.
For KPI, include C-DRX from TR 38.840 to evaluate UE latency and UE power consumption.

Traffic models
In RAN1#109-e, companies have agreed to include traffic modes from TR 38.840. However, it is still FFS on associated configurations, e.g., C-DRX.
Regarding UE power as an essential KPI, we propose to include the C-DRX setting in TR 38.840. Also, we suggest changing the DRX Inactivity timer to prevent overestimating UE power consumption for NWES techniques.
For traffic models, consider updating the values of the DRX inactivity timer.
Table 5: Traffic models and the parameters (reuse TR 38.840 with little changes)
	Traffic type
	FTP 
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms [20ms]
	80 ms [20ms]
	10 ms



SLS parameters
	Parameter
	Values

	BS Antennas
	(M, N, P, Mg, Ng; Mp, Np) = (8,16,2,1,1;4,8) with 64 TXRU, (dH, dV) = (0.5λ, 0.5λ)

	BS Antenna Down Tilt
	12 degrees

	BS height
	25m

	UE height
	hUT = 1.5 m

	UE Antennas
	(M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 2T/4R, (dH, dV) = (0.5λ, N/A)

	Carrier Frequency
	4 GHz

	Bandwidth (BW)
	Total BW = 1 CCs x 100 MHz;

	Numerology
	30 KHz SCS

	Layout
	21 cells with wraparound

	Target BLER 
	10% (each transmission)

	Channel Model
	UMa (38.901) with ISD = 200m

	Outdoor UEs %
	80% indoor, 20% outdoor

	Antenna Gain
	BS: 8 dBi, 3-sector antenna, UE: 0 dBi, omni-directional 

	Noise Figure
	BS: 5 dB; UE: 9 dB

	Max Tx Power
	BS: 55 dBm per 100 MHz, UE: 23 dBm

	UE Speed
	3 km/h

	TDD Config.
	DDDSU

	Scheduling
	Proportional fair

	Guard Band Overhead
	2.08% (272 360KHz RBs in 100MHz)

	Channel Estimation
	Realistic

	Capacity as X% UE satisfied
	X = 90



Conclusion
In this contribution, we have the following observations and proposals.
Observation 1	Symbol-level power modeling benefits SSB/SIB1-less evaluations but may complicate SLS and add non-necessary BS power states. 
Proposal 1	For the symbol-level power modeling, introduce a single scaling factor based on the slot-level power modeling.
Observation 2	BS may implement DL and UL power-hungry components entangled, which leads to high BS power consumption for UL signal reception and monitoring.
Proposal 2	For the DL and UL association, do not introduce a separated idle state. Consider only joint active or sleep states per slot.
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Observation 3	The power consumption for UL may depend on BS implementation, and the power consumption values reported from companies in RAN1#109-e seem nonnegligible. 
Proposal 3	For FDD operation, down-select Option 1: the power consumption is the total DL and UL power consumption listed in RAN1#109-e to evaluate BS power consumption for FDD.
Observation 4	The working assumption of reference configurations may not cover a heterogenous network scenario consisting of coverage provider (Marco) and capacity booster (Micro) cells.
Proposal 4	For reference configuration, confirm the working assumption for Set2 FR1. Consider updating Set3 FR2 settings based on Micro layer settings from Table A.2.1-1 in TR 38.802.
	
	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

	[33+7 dBm] 43dBm – to be further discussed and finalized in future meetings

Note. +7 dBm to scale power up from 20MHz to 100MHz.

EIRP limited to [68dBm] 78dBm – to be further discussed and finalized in future meetings

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


Observation 5	BS power states should include “SSB only” as an indicator to calibrate companies’ proposals.
Proposal 5	For BS power states, it can include Micro Sleep, Light Sleep, Deep Sleep, SSB only, DL only, UL only, and DL and UL simultaneously.
	Power State (per slot)
	Relative Energy 

	Sleep 
	 Deep Sleep (SM3)
	[1]

	
	 Light Sleep (SM2)
	[2]

	
	 Micro Sleep (SM1)
	[10]

	Active
	SSB only 
	[100]


	
	DL only
	[250]


	
	UL only
	[85]


	
	DL and UL simultaneously (FDD)
	[250] x DL scaling + [1-0.5] x [85] x UL scaling


Observation 6	Using the state machine for BS power state transitions may prevent frequent switches between Active and Deep Sleep states, which seems more practical for BS implementation.
Proposal 6	For sleep power states and transition time, consider the incremental state machine for sleep modes, including idle time and transition delay.
[image: Diagram

Description automatically generated]
	Sleep Mode
	Idle-time threshold,  [ms]
	Transition delay,  [ms] 

	Micro Sleep (SM 1)
	0
	0

	Light Sleep (SM 2)
	1
	1

	Deep Sleep (SM 3)
	10
	9


Observation 7	Three is no use cases on NWES techniques for TxRU mappings and PA efficiency according to companies’ input in RAN1#109-e.
Observation 8	BS TX power scaling can be independent of RU scaling. The BS TX power scaling determines a relative power for the system BW, e.g., 100MHz, and RU scaling determines a relative power for the simulation BW per slot, e.g., 20MHz. 
Proposal 7	For scaling factors, our proposals are below. Table 4 provides more details.
	Scaling on ACTIVE states
	Proposal


	Resource Utilization/BW
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80 for X = 10, 20, 40, 80, or 100. 

	Symbol-level scaling
	Scaling of X symbols within a slot = X/14 (normal CP) for X = 1, 2,…,14

	Carrier Aggregation
	Scaling of X CC = 1.7 * X/2 * 1CC. For example, 2CC is 1.7 * 1CC, 4CC is 3.4 * 1CC, and 32 CC is 27.7 * 1CC. 

	TxRU scaling
	Scaling of X TxRU is 0.1 + 0.9 * X/64, for X = 1, …, 64. BS TX power = 55 dBm for 64 TxRU, BS TX power = 52 dBm for 32 TxRU, and BS TX power = 49 dBm for 16 TxRU. 

	Power scaling
	Scaling X max TX power is , for X = 0,…, 55. 
For PDSCH, scaling X max TX power is , for X = 0,…, 55, Y = -11,…21. The value Y is provided via ss-PBCH-BlockPower, powerControlOffsetSS, and powerControlOffset.


Observation 9	R15 C-DRX is an NR R15 mandatory without capability feature, essential to evaluate UE power consumption and latency.
Proposal 8	For KPI, include C-DRX from TR 38.840 to evaluate UE latency and UE power consumption.
Proposal 9	For traffic models, consider updating the values of the DRX inactivity timer.
	Traffic type
	FTP 
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms [20ms]
	80 ms [20ms]
	10 ms



Reference 
3GPP TR 38.802 V14.2.0 (2017-09), Study on New Radio Access Technology Physical Layer Aspects, 2017
A Survey on 5G Radio Access Network Energy Efficiency - Massive MIMO, Lean Carrier Design, Sleep Modes, and Machine Learning, David Lopez-Perez, 2021
NETWORK ENERGY EFFICIENCY, NGMN Alliance, 2021
Annex
Agreements 
Agreement in RAN1#109-e
For evaluation purpose, the energy consumption modeling 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 in RAN1#109-e
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 in RAN1#109-e
· 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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.

Agreement in RAN1#109-e
· 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 in RAN1#109-e
For evaluation and BS energy consumption modeling 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 in RAN1#109-e
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 in RAN1#109-e
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 in RAN1#109-e
· 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 in RAN1#109-e
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
SID
Study Item (SI) for network energy savings for NR is approved in [1]. For the study of performance evaluation for this SI, the relevant objectives include below
	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.

1. 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.

The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed. 

The following example scenarios (mapping between scenarios and network loads is left to the study) including single-carrier and multi-carrier deployments are used as the starting point for discussion on prioritized scenarios for the study. 

The following example scenarios are listed in no particular order.
· Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
· FR2 beam-based scenarios (note: this scenario can also model small cells)
· Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
· EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency

Note 1: legacy UEs should be able to continue accessing a network implementing Rel-18 network energy savings techniques, with the possible exception of techniques developed specifically for greenfield deployments.

Note 2: the study of energy savings specifically for IAB is not part of the scope.

The study should coordinate with RAN4 as needed.
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