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Introduction
In this contribution, we discuss evaluation assumptions and base station power model.
[bookmark: _Ref47421117][bookmark: _Hlk23927392]NW Energy Consumption Evaluation Methodology
RAN1#109e made the following agreements on reference configurations for evaluation and BS energy consumption modeling purpose. 
	Agreement
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






For Set 2 FR1 and Set 3 FR2, the total downlink power level has not been decided yet. For our perspective, it is reasonable to assume it to be 49dBm for Set 2 FR1 while 43dBm with EIRP limited to 78dBm for Set 3 FR2.
Proposal 1: For evaluation and BS energy consumption modelling purpose, 
· the total DL power level is 49dBm for Set 2 FR1
· the total DL power level is up to 43dBm, and EIRP is limited to 78dBm for Set 3 FR2.
The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55dBm per 100MHz with 64 TxRUs in Set 1 FR1. When the bandwidth and/or the number of TxRUs is different from the ones in the reference configuration, the total DL power should be scaled accordingly. For instance, if the bandwidth is reduced to 50 MHz, the total power of 52 dBm should be used in evaluation with 64 TxRUs in Set 1 FR1. Similarly, for the case with 100MHz bandwidth and 32 TxRUs, the total power of 52 dBm should be used in evaluation.

Observation 1: The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55 dBm per 100MHz with 64 TxRUs in Set 1 FR1.

Proposal 2: For evaluation and BS energy consumption modelling purpose, the actual total DL transmission power is adjusted according to the actual bandwidth and the number of active TxRUs as follows

· ,  and  are total DL power, bandwidth, and the number of TxRUs in the reference configuration, respectively.
·  and  are the actual bandwidth and the number of active TxRUs, respectively.

For FR 2, the total DL power level can be limited to 43 dBm at FR 2. This total DL power level can be the output of various number of antennas, or antenna panels, of different antenna element gains. It is important though that the EIRP should not exceed the EIRP limit of 78 dBm. This imposes a requirement on the number of antenna elements and on the antenna element gain to be used.

The coverage in the simulated FR2 system can be provided with various combinations of numbers of antennas, antenna panels or antenna element gains, which all result in various antenna gain values. Therefore, considering another set of parameters for FR 2 – in a similar way that it is done for FR 1 – is a reasonable way forward. This would allow also for easier total DL power scaling with the total number of antennas and carriers and would allow for system evaluation of different FR 2 BS configurations in terms of antenna gains ([4]). Therefore, it is proposed to introduce a new set, Set 4, for FR 2, with the same values of the Set 3 for FR 2 apart from the total DL power level which is 33 dBm. In this case, the EIRP can be 65 dBm.

Proposal 3: For evaluation and BS energy consumption modelling purpose, introduce a Set 4 for FR 2 with 
identical values as Set 3 with the difference that the total DL power level is equal to 33 dBm. 

In addition to the parameters already agreed in the reference configurations, other parameters should be considered for evaluation.
Proposal 4: Use the following parameters for network energy consumption evaluation.
	Parameter
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2
	Set 4 FR2

	Carrier frequency
	4GHz
	2GHz
	28 GHz
	28 GHz

	TDD frame structure
	DDDSUDDSUU
(S: 10D:2G:2U)
	N/A
	DDDSU
(S: 10D:2G:2U)
	DDDSU
(S: 10D:2G:2U)

	BS antenna config
(M, N, P, Mg, Ng)
	(12, 8, 2, 1, 1)
	(8, 2, 2, 1, 1)
	(8, 16, 2, 2, 2)
	(16, 16, 2, 1, 2)

	UE velocity
	3km/h
	3km/h
	Stationary
	Stationary



The traffic model for evaluation was agreed. 
	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.



Similar to UE power consumption, each traffic type may have its own C-DRX configuration. It is reasonable to reuse the same association between traffic model and UE C-DRX configuration that was used in UE power consumption [1].
Proposal 5: The following DRX configuration should be included for evaluation:
	Traffic
	FTP3
(0.5MB packet size and 200ms mean inter-arrival time)
	Instant messaging
(FTP3 with 0.1MB packet size and 2s mean inter-arrival time)
	VoIP

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
FR1 ON duration : 8 msec
FR2 ON duration : 4 msec

	Period = 320 ms
Inactivity timer = 80 ms
FR1 ON duration: 10 msec
FR2 ON duration: 5 msec

	Period = 40 ms
Inactivity timer = 10 ms
FR1 ON duration: 4 msec
FR2 ON duration: 2 msec


 
It would be the best to perform simulation for all different traffic types for each technique. However, for the sake of simulation overhead, it is preferred to prioritize simulation efforts on FTP3 traffic. With different traffic loading, we should be able to draw sufficient observations based on FTP3 traffic. Hence, similar to UE power consumption analysis, we make the following proposal:
Proposal 6: Prioritize FTP3 traffic in system level simulation evaluation. Evaluation for IM and VoIP traffic is optional.
Performance of base station power consumption reduction techniques might heavily depend on the cell load condition. For evaluation purpose, it is important to discuss and agree on the cell load condition. It is worth noting that the cell load is modeled in ETSI in ES 202 706-1 [2] for measuring energy efficiency of wireless access network equipment (as copied and pasted below). 
	ETSI in ES 202 706-1 [2]
· For low load:
· All Res dedicated to PBCH, PSS, SSS (i.e. SS blocks, configurations according to Table E.1), and RMSI shall be transmitted.
· Res dedicated to PDCCH and PDSCH (except RMSI) shall not be transmitted.
· For medium load:
· All Res dedicated to PBCH, PSS, SSS (i.e. SS blocks, configurations according to Table E.1), and RMSI shall be transmitted.
· Res dedicated to PDCCH and PDSCH shall be limited as following:
· 30 % of PRBs dedicated to PDSCH shall be transmitted in each 20 ms SSB set period.
· For PDCCH, an amount corresponding to 2 PRBs per slot (~30 % of available PDCCH resources in NR-TM1.1) shall be transmitted in each 20 ms SSB set period.
· Placement of PDSCH PRBs and PDCCH PRBs within the 20 ms SSB set period is free, but the average load over the period shall be 30 %.
· For busy hour load:
· All Res dedicated to PBCH, PSS, SSS (i.e. SS blocks, configurations according to Table E.1), and RMSI shall be transmitted.
· Res dedicated to PDCCH and PDSCH shall be limited as following:
· 50 % of PRBs dedicated to PDSCH shall be transmitted in each 20 ms SSB set period.
· For PDCCH, an amount corresponding to 3 PRBs per slot (50 % of available PDCCH resources in NR-TM1.1) shall be transmitted in each 20 ms SSB set period.
· Placement of PDSCH PRBs and PDCCH PRBs within the 20 ms SSB set period is free, but the average load over the period shall be 50 %.
· For full load:
· All resource blocks shall be transmitting.



From our point of view, it should be reasonable to reuse such cell load model in network energy savings evaluations.
Proposal 7: For evaluation purpose, reuse the cell load model defined in ETSI ES 202 706-1 as follows.
	Cell load
	Description

	Low load
	Only SSB and RMSI shall be transmitted.

	Medium load
	SSB and RMSI shall be transmitted.
Up to 30% of PRBs dedicated to PDSCH.

	High load
	SSB and RMSI shall be transmitted.
Up to 50% of PRBs dedicated to PDSCH.

	Full load
	All resource blocks shall be transmitting.



RAN1#109e made the following agreements on deployment assumption:
	Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.



Dense urban is the deployment scenario used as the baseline deployment for all FR 2 evaluations in different study items. The proposal is to keep on using dense urban with single layer or micro base stations only. 
Proposal 8: At least dense urban with a micro layer only deployment is prioritized for FR2.
Base Station Power Model
General Principles
RAN1#109e made the following agreements on sleep modes:
	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, 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




For modeling sleep state power, it is reasonable to reuse UE sleep states and the associated transmission times as defined in TR 38.840 to define BS sleep states. Table 1 provides summary of the BS sleep states.
[bookmark: _Ref101794048]Table 1: BS sleep state 
	Power State
	Characteristics
	Total transition time

	Deep Sleep
	Model power consumption when no transmission/reception in the middle of SSBs of 20ms periodicity.
	20 ms – duration of an SSB

	Light Sleep
	Model power consumption when preconfigured transmission/reception (e.g., TRS transmission or RACH monitoring) occurred in the middle of SSBs of 20ms periodicity.
	6 ms 

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state
	0 ms



Furthermore, for the purpose of BS power modelling, when power consumption is provided for sleep mode that will be discussed in Section 3.2, it is assumed that the BS does not perform transmission or reception.
Proposal 9: For sleep state power consumption modelling purpose, it is assumed that the BS does not perform transmission or reception.
For certain BS architectures, when the BS goes into sleep mode in one direction, then, the BS has to go to sleep mode in the other direction as well. There are other types of BS architectures, which allow sleep modes per direction, e.g. sleep in transmission, or in downlink only. In order to be be able to model all different types of architectures and model the flexibility that some BSs have, separate sleep modes per downlink and uplink should be supported.  	
Proposal 10: Support separate sleep mode per direction, i.e., BS can be in sleep mode in uplink, but not in downlink. The transition time/energy can be the same for downlink and uplink. The BS can be in sleep mode in both DL and UL.
Multiple options have been agreed as working assumption on energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode:

	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




It has been known that the active downlink transmission power consumption is much higher than that of active uplink reception. Although uplink reception incurs a small power consumption, ignoring its contribution toward the total power consumption may not be desirable. Furthermore, downlink transmission and uplink reception may have some shared components. Hence, Option 1 and Option 2 seem representing two extremes. As a result, it is reasonable to have the power consumption for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode as the total of DL power consumption and a fraction of UL power consumption.

Proposal 11: For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, the power consumption is the total of DL power consumption and a fraction of UL power consumption.
· FFS: fraction of UL power consumption (e.g., 20%).
It was discussed in RAN1#109e on whether the power consumption should be modelled per slot-level as done in UE power model or per symbol-level. It should be noted that a gNB may transmit or receive signal/channels at the same time from a group of UEs. Hence, different symbols in a slot may have different frequency resource utilization. As we discussed later that for active downlink transmission, different frequency resource utilization may lead to different gNB transmit power. As a result, it is more reasonable to provide the relative power consumption in symbol level. As noted in the agreement, system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption. 

	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.



Proposal 12: The relative power consumption for a base station operation is provided per symbol-level. The relative power consumption per a slot is an average of the symbol-level relative power consumption.

We will discuss the relationship between UL-only reception and DL-only transmission energy consumption model as well as FDD vs. TDD in the below agreements.
	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




Difference between UL reception and DL transmission is highly due to the support of PA at the DL transmission while supporting LNA at the UL reception at the gNB. Typically, PA power consumption is much higher than LNA power consumption. Furthermore, PA power consumption largely depends on the PA efficiency. From our perspectives, it is not straightforward to derive UL-only reception energy consumption from DL-only transmission energy consumption.
Proposal 13: Separately model BS power consumption for downlink transmission and uplink reception (i.e., UL-only reception energy consumption model is not derived/simplified from DL-only transmission energy consumption model).
The agreed TDD and FDD reference configurations for power consumption modelling differs in multiple system parameters such as the downlink power consumption, bandwidth, and the number of transceiver chains. Derivation of energy consumption model for FDD for the model for TDD would require applying multiple power scaling factors with respect to the related systems parameters simultaneously. It is not clear how to design the scaling factors to properly translate TDD power consumption model to FDD power consumption model yet. It would be more accurate to have a separate BS energy power consumption for FDD.
Proposal 14: Separately model BS power consumption for FDD and TDD (i.e., energy consumption for FDD is not derived/simplified from energy consumption for TDD).
An BS power consumption aspect is power loss of the power systems (e.g., DC-DC converter loss, main power supply loss and active cooling) that might be considered to understand how meaningful PHY/MAC enhancement will contribute to the BS power energy savings. This aspect was discussed in RAN1#109e but no consensus was reached. Since a majority of companies did not want to consider it and it is important to have clarification for the BS power model and understanding the network energy savings gain, we propose the following conclusion:
Proposal 15: RAN1 concludes that the BS power consumption model does not take into account aspects related to power systems (e.g., DC-DC converter loss, main power supply loss, active cooling, etc.).
[bookmark: _Ref111121070]BS Power Consumption
Based on the base station power consumption modelling principles and reference configuration, we provide the relative power for different base station operations in Table 2. Furthermore, additional transition energy for the BS sleep states is provided in Table 3. The power consumption is with an assumption of a fixed PA efficiency value of 31% provided in [3]. We will discuss how the power consumption should be scaled with respect to different PA efficiency values in Section 3.3.


[bookmark: _Ref109828466]Table 2: Base station relative power
	BS operation
	Relative power

	
	Set 1 FR1
	Set 2 FR1

	Active transmission (100% PRB utilization)
	 [300]
	 [270]

	Active reception (100% PRB utilization)
	[100] 
	[80] 

	Micro sleep
	[60] 
	[50] 

	Light sleep
	[25] 
	[20] 

	Deep sleep
	1 
	1 



[bookmark: _Ref109828511]Table 3: Additional transition energy for base station sleep states
	Sleep state
	Additional transition energy 
(relative power x ms)
	Transition time 
(ms)

	
	Set 1 FR1
	Set 2 FR1
	

	Micro sleep
	0
	0
	0

	Light sleep
	[100]
	[90]
	[6]

	Deep sleep
	[420]
	[340]
	[20 – duration of one SSB]



Proposal 16: Consider base station power consumption as provided in Table 2 and Table 3 for a fixed PA efficiency.
· FFS: power consumption for FR2.
[bookmark: _Ref109900211]BS Power Scaling
The BS power scaling is necessary to scale the BS power consumption provided in Section 3.2 to difference gNB transmission and/or reception configuration. RAN1#109e made the following agreements:

	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



For downlink active transmission, it has been observed that the PRB utilization introduces wider variation on the BS power than other parameters (e.g., spectral efficiency and the number of spatial streams) for a fixed BS configuration (e.g., TxRUs, bandwidth, transmit power, PA efficiency are fixed). Furthermore, PRB utilization (or transmission bandwidth) change might impact gNB transmission power and PA energy efficiency. The scaling introduced for BWP bandwidth in downlink as in TR 38.840 [1] (copied in Table 4) only makes sense when the transmission power and PA energy efficiency remains similar for different PRB utilization values. 


[bookmark: _Ref109651872]Table 4: Scaling for BWP Bandwidth (DL) in UE power consumption evaluation [1]
	Scaling for FR1
	Proposal
	Comment

	BWP Bandwidth (DL)
	Scaling of X MHz = 0.4 + 0.6 * (X – 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.
Above scaling is applicable for FR1 only.
In case scaling is needed for FR2, companies can report the assumed scaling factor.
	For 10MHz BW, only AL up to 8 can be used for PDCCH
The transition time is the same as DCI-based BWP switching delay for Rel-15.

If the power after scaling is smaller than the BWP transition power, assume the BWP transition power as the output of scaling unless otherwise justified.



It was acknowledged that the PA power consumption is not scaled linearly with the transmitted power. PA efficiency, as a ratio between the output power of the PA (can be modeled as the transmitted power at the antenna element with feeder losses) and the PA power consumption, can provide this nonlinear scaling. Hence, to properly model power consumption of an active transmission, it is reasonable to interpolate between base power consumption of a base state with 0% resource utilization and power consumption of active transmission with 100% resource utilization for a fixed maximum transmission power. For transmission of 0% PRB utilization, it has been discussed whether the power consumption of the transmission should correspond to the power consumption of the micro sleep or of an idle state where the base state is still active but neither transmits nor receives any signal/channel.
Proposal 17: For an active transmission of x% PRB utilization, the power consumption is an interpolation between power consumption of a base state with 0% PRB utilization () and power consumption of active transmission with 100% PRB utilization ().
· FFS: how to define the interpolation
· FFS: whether base state is idle state if defined or micro sleep.
The power consumption for an active transmission of x% PRB utilization () can be written with respect to power consumption of a base state with 0% PRB utilization () and power consumption of active transmission with 100% PRB utilization () which can be separated into power consumption due to PA and non-PA components.





·  is the percentage of power consumption of active transmission with 100% PRB utilization () due to non-PA parts. Based on our observation,  is typically around 30%.
·  is the percentage of power consumption of active transmission with 100% PRB utilization () due to PA,
· BO is the backoff for full allocation at a certain PA supply voltage and could be changed by usage of PA efficiency enhancement techniques.
·  and are provided in Table 5. When ,  has value such that .
[bookmark: _Ref111134611]Table 5: Parameters for PA power consumption formula
	Parameters 
	FR1
	FR2

	
	[31%]
	[8%]

	
	[0.86]
	[0.24]

	
	[0.025]
	[0.01]



Based on the above discussion, we make the following proposal:



Proposal 18: Adopt the following interpolation between power consumption of a base state with 0% PRB utilization () and power consumption of active transmission with 100% PRB utilization () to compute power consumption of an active transmission of x% PRB utilization.



where = [30%].  and are provided in Table 5.  when x = 1.

Different from the downlink transmission, impact of LNAs on uplink reception is much smaller than the impact of PAs on downlink transmission. Hence, it should be fine to apply a similar approach as BWP bandwidth scaling as done in UE power evaluation. Table 6  provide our view on scaling for reception bandwidth, CA, TxRU and TRP.

[bookmark: _Ref111134923]Table 6: BS power consumption scaling for FR1
	Scaling for FR1
	Proposal

	Reception bandwidth (UL)
	Scaling of X MHz = [0.8] + [0.2] * (X – 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.

	CA (UL/DL)
	2CC is 1.7x1CC
4CC is 3.4x1CC (i.e., 2x 2CC)
Note: the scaling is applied when there is fully overlapping transmissions in CCs or fully overlapping reception in CCs.

	TxRU
	Scaling of X active TxRU is [0.1] + [0.9] * X/N where N is the total number of TxRUs in the reference configuration (N = 64 for Set 1 FR1 and 32 for Set 2 FR1). 

Valid only for X = 32, 24, 16, 12, 8 and 4 in Set 1 FR1, and X = 24, 16, 12, 8 and 4 in Set 2 FR1. 

	TRP
	2TRP is 2x 1TRP



Proposal 19: Consider base station power consumption scaling in Table 6  at least for FR1.

Conclusion 
The following observations and proposals are made in this contribution:
Observation 1: The total DL power level is defined for a given carrier bandwidth and a number of TxRUs in the reference configuration. For example, it is 55 dBm per 100MHz with 64 TxRUs in Set 1 FR1.

Proposal 1: For evaluation and BS energy consumption modelling purpose, 
· the total DL power level is 49dBm for Set 2 FR1
· the total DL power level is up to 43dBm, and EIRP is limited to 78dBm for Set 3 FR2.

Proposal 2: For evaluation and BS energy consumption modelling purpose, the actual total DL transmission power is adjusted according to the actual bandwidth and the number of active TxRUs as follows

· ,  and  are total DL power, bandwidth, and the number of TxRUs in the reference configuration, respectively.
·  and  are the actual bandwidth and the number of active TxRUs, respectively.
Proposal 3: For evaluation and BS energy consumption modelling purpose, introduce a Set 4 for FR 2 with the same values as Set 3 with the difference to Set 3 that the total DL power level is equal to 33 dBm. 

Proposal 4: Use the following parameters for network energy consumption evaluation.
	Parameter
	Set 1 FR1
	Set 2 FR1
	Set 3 FR2
	Set 4 FR2

	Carrier frequency
	4GHz
	2GHz
	28 GHz
	28 GHz

	TDD frame structure
	DDDSUDDSUU 
(S: 10D:2G:2U)
	N/A
	 DDDSU 
(S: 10D:2G:2U)
	 DDDSU 
(S: 10D:2G:2U)

	BS antenna configuration (M, N, P, Mg, Ng)
	(12, 8, 2, 1, 1)
	(8, 2, 2, 1, 1)
	(8, 16, 2, 2, 2)
	(16, 16, 2, 1, 2)

	UE velocity
	3km/h
	3km/h
	Stationary
	Stationary


· 

Proposal 5: The following DRX configuration should be included for evaluation:
	Traffic
	FTP3
(0.5MB packet size and 200ms mean inter-arrival time)
	Instant messaging
(FTP3 with 0.1MB packet size and 2s mean inter-arrival time)
	VoIP

	DRX setting
	Period = 160 ms
Inactivity timer = 100 ms
FR1 ON duration : 8 msec
FR2 ON duration : 4 msec

	Period = 320 ms
Inactivity timer = 80 ms
FR1 ON duration: 10 msec
FR2 ON duration: 5 msec

	Period = 40 ms
Inactivity timer = 10 ms
FR1 ON duration: 4 msec
FR2 ON duration: 2 msec


 
Proposal 6: Prioritize FTP3 traffic in system level simulation evaluation. Evaluation for IM and VoIP traffic is optional.
Proposal 7: For evaluation purpose, reuse the cell load model defined in ETSI ES 202 706-1 as follows.
	Cell load
	Description

	Low load
	Only SSB and RMSI shall be transmitted.

	Medium load
	SSB and RMSI shall be transmitted.
Up to 30% of PRBs dedicated to PDSCH.

	High load
	SSB and RMSI shall be transmitted.
Up to 50% of PRBs dedicated to PDSCH.

	Full load
	All resource blocks shall be transmitting.



Proposal 8: At least dense urban with a micro layer only deployment is prioritized for FR2.
Proposal 9: For sleep state power consumption modelling purpose, it is assumed that the BS does not perform transmission or reception.	
Proposal 10: Support separate sleep mode per direction, i.e., BS can be in sleep mode in uplink, but not in downlink. The transition time/energy can be the same for downlink and uplink. The BS can be in sleep mode in both DL and UL.
Proposal 11: For evaluation, for energy consumption modelling for FDD and the case of simultaneous DL transmission and UL reception for non-sleep mode, the power consumption is the total of DL power consumption and a fraction of UL power consumption.
· FFS: fraction of UL power consumption (e.g., 20%).
Proposal 12: The relative power consumption for a base station operation is provided per symbol-level. The relative power consumption per a slot is an average of the symbol-level relative power consumption.
Proposal 13: Separately model BS power consumption for downlink transmission and uplink reception (i.e., UL-only reception energy consumption model is not derived/simplified from DL-only transmission energy consumption model).
Proposal 14: Separately model BS power consumption for FDD and TDD (i.e., energy consumption for FDD is not derived/simplified from energy consumption for TDD).
Proposal 15: RAN1 concludes that the BS power consumption model does not take into account aspects related to power systems (e.g., DC-DC converter loss, main power supply loss, active cooling, etc.).
Proposal 16: Consider base station power consumption as provided in Table 2 and Table 3 for a fixed PA efficiency. 
· FFS: power consumption for FR2.
Proposal 17: For an active transmission of x% PRB utilization, the power consumption is an interpolation between power consumption of a base state with 0% PRB utilization () and power consumption of active transmission with 100% PRB utilization ().
· FFS: how to define the interpolation
· FFS: whether base state is idle state if defined or micro sleep.
Proposal 18: Adopt the following interpolation between power consumption of a base state with 0% PRB utilization () and power consumption of active transmission with 100% PRB utilization () to compute power consumption of an active transmission of x% PRB utilization.
· 
· 
· 
· where = [30%].  and are provided in Table 5.  when x = 1.
Proposal 19: Consider base station power consumption scaling in Table 6  at least for FR1.
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