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1. Introduction

A new study item on network energy savings was approved in [1], with the following objectives:

	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.


In this contribution, we will discuss the power consumption model and evaluation methodology for BS.

2. Energy Consumption Model for BS

In RAN1#109e meeting [2], it has been agreed that the energy consumption model for a BS includes at least reference configuration, sleep/non-sleep mode(s) with relative power and associated transition time/energy, scaling method to be applied at least for non-sleep mode. In this section, we will discuss these three parts of the energy consumption model for BS.

	Agreement

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

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.


2.1 Reference Configuration

In RAN1#109e meeting [2], the following agreement was made for the reference configuration, where the total number of DL Tx RUs and the total number of UL Rx RUs for FDD were left as working assumption, the total DL power level for FDD and FR2 were left for further discussion.

	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

Agreement

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

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.


In RAN1#109e meeting [2], the total number of Tx RUs and the total number of Rx RUs for FDD have been discussed, and 4, 8, 16, and 32 are suggested for reference configuration. From our perspective, 32 could be considered as the total number of Tx RUs and the total number of Rx RUs for FR1 FDD reference configuration, and the power for other Tx-Rx RUs can be scaled based on the scaling factor. Hence, we suggest to confirm the working assumption.

Proposal 1: Confirm the working assumption that the number of Tx-Rx RUs for FR1 FDD is 32.

Regarding the total DL power level, according to Table A.2.1-1 in TR 38.802 [3], the total BS Tx power is related to system BW and deployment scenario, and the actual power for simulation BW will be scaled down accordingly. 

For FR1 FDD, in RAN1#109e meeting [2], it has been agreed that urban macro is prioritized for FR1. According to Table A.2.1-1, 49dBm BS Tx power is assumed with the simulation bandwidth of 20MHz for urban macro below 6GHz. When system BW is higher than 20MHz simulation BW, scaled down with simulation BW is needed. In RAN1#109e meeting [2], it has been also agreed that the 20 MHz of system BW is assumed as reference configuration for FR1 FDD, which is align with the simulation bandwidth in Table A.2.1-1. Hence, we suggest to use 49dBm as reference configuration for the total DL power level for FR1 FDD.

For FR2, we suggest to prioritize urban micro for FR2 energy consumption model. In Table A.2.1-1, 33dBm of BS Tx power is assumed with the simulation bandwidth of 80MHz for urban micro above 6GHz. When system BW is higher than 80MHz simulation BW, scaled down with simulation BW is needed. However, in RAN1#109e meeting [2], it has been agreed that the 100 MHz of system BW is assumed as reference configuration for FR2. Hence, we suggest to scale down the PA with bandwidth of 100MHz, such as linearly scaling, then 34dBm is assumed as the total DL power level for FR2. According to Table A.2.1-1, EIRP should not exceed 68dBm for the micro layers, so we suggest the EIRP is limited to 68dBm for FR2.
              Table A.2.1-1 in TR 38.802: System level evaluation assumptions for Indoor hotspot, Dense urban, Rural, and Urban macro [3]
	Parameters
	Dense urban
	Urban macro

	Simulation bandwidth
	20MHz per CC below 6GHz and 80 MHz per CC above 6GHz 
Note: For FDD, simulation BW is split equally between UL and DL

Note: UE TX power scaling will impact final results

	BS Tx power 
	Macro layer:

Below 6GHz: 44 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 44 dBm

Above 6GHz: 40 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 40 dBm

Micro layer:

4 GHz: 33dBm for 20MHz system bandwidth

Above 6GHz: 33 dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 33 dBm. 

EIRP should not exceed 73 dBm and 68 dBm for the macro and micro layers respectively(*)
	Below 6GHz: 49dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 49dBm

Above 6GHz: 43dBm PA scaled down with simulation BW when system BW is higher than simulation BW. Otherwise, 43dBm

EIRP should not exceed 78 dBm (*)


Proposal 2: 49dBm is assumed as the total DL power level for FR1 FDD.

Proposal 3: 34dBm is assumed as the total DL power level and EIRP is limited to 68dBm for FR2.

2.2 Sleep/non-sleep modes with relative power and associated transition time/energy
2.2.1 Three sleep modes
A typical BS consists of BBU (Baseband Unit) and 3 AAUs (Active Antenna Unit) for 3 sectors, where BBU consists of UMPT (Universal Main Processing & Transmission) unit and UBBP (Universal Baseband Processing) unit. BBU is used for baseband processing such as data coding, and transmits the processed data to AAU. The energy consumption of BBU is mainly related to the number of baseband units, more baseband units, higher energy consumption, the network energy saving scheme or the downlink PRB utilization rate has little impact on the energy consumption of BBU. AAU consists of BBL (Baseband Lower), IRF (Intermediate Radio Frequency), TRX (Transmission and Receiver Unit), PA (Power Amplifier), and filter. AAU is used for L1 baseband processing such as precoding, resource mapping, A/D conversion, and transmits the signal through antenna element to air interface. The energy consumption of AAU is mainly related to the working states of BBL, IRF, TRX, and PA units, different working states can save 10%-80% energy consumption of AAU. According to the statistics, the ratio of BBU and AAU energy consumption for a BS is about 1:10. Therefore, the energy consumption of AAU is the main part, and different working states of AAU define different level of energy consumption of BS. 
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Figure 1. Composition for BS 
The energy consumption of AAU is mainly related to the working states of BBL, IRF, TRX, and PA units, as shown in Fig.2, different working states of these units and different duration of the sleep interval define three level of BS sleep modes, including deep sleep, light sleep, and micro sleep modes, targeting different working states of AAU operation.
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Figure 2. Sleep Modes for BS

Deep sleep mode: In deep sleep mode, BS is in the lowest energy consumption mode and a long sleep period is possible. To minimize energy consumption during the long sleep period, PAs, TRXs, and most of the IRF units are turned off, leaving a minimum set of resources of BBL units in operation. Wakeup from this mode requires a certain amount of time and energy to restart the IRF, TRX and PA units before useful activity can take place. The transition time from deep sleep mode to non-sleep mode is second level, which includes both ramp down and ramp up transition time. The model also includes a wakeup energy which represents the cost of system configuration and returning to the sleep mode. This energy increases average power consumption at a rate proportional to the number of wakeups per second. It is therefore desirable to combine activities in a single wakeup where possible, to minimize the total number of wakeup occasions. Since Rx RUs and IRF units are also turned off in deep sleep mode, UL reception is not available. Based on measurement results, BS in deep sleep can save 20%-50% energy consumption.

Light sleep mode: The light sleep mode is used to model the mode where PAs, TRXs and part of IRF are turned off. The light sleep mode disables fewer energy consuming resources than deep sleep, and can therefore be restarted more quickly. This makes the energy consumption in the light sleep mode higher, but reduces the wakeup energy. This means that for short periods of sleep it is more economical to remain in light sleep than to enter deep sleep. The transition time from light sleep mode to non-sleep mode is millisecond level, which includes both ramp down and ramp up transition time. Since TRXs are also turned off in light sleep mode, UL reception is not available. Based on measurement results, BS in light sleep can save 20% energy consumption, but the throughput of cell edge UE will drop by 20%-40%, and the UEs in other areas are not affected.
Micro sleep mode: Micro sleep mode is used to model short inactivity gaps when no data is transmitted. The inactivity periods are too short to disable and restart more energy consuming resources, but power savings can still be made by putting inactive logic into a low power mode. It is used primarily to model the short period in TTI where no data is transmitted. The transition time from micro sleep mode to non-sleep mode is 0ms, which includes both ramp down and ramp up transition time, and the transition energy from micro sleep mode to non-sleep mode is almost zero. During micro sleep state, BS is neither transmitting nor receiving. For UL reception, BS could ramp up to non-sleep mode in TTI level for UL reception. Based on measurement results, BS in micro sleep can save 10% energy consumption, and has no impact on network performance.

Proposal 4: Three sleep modes can be considered in the energy consumption model for BS, and BS is neither transmitting nor receiving during sleep modes:

Deep sleep mode is used to model the mode where most of PAs, TRXs, and IRF are turned off, and the transition time from or to non-sleep mode is second level. 
Light sleep mode is used to model the mode where PAs and TRXs are turned off, and the transition time from or to non-sleep mode is millisecond level. 

Micro sleep mode is used to model the short period in TTI where no data is transmitted, and the transition time from or to non-sleep mode is almost 0ms.
2.2.2 Non-sleep mode
In RAN1#109e meeting [2], the following agreement and working assumption have been achieved for DL and UL modeling for non-sleep mode.

	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
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


Different from UE power consumption model to separately define the power consumption for PDCCH-only slot, SSB processing, CSI-RS processing, PDCCH+PDSCH reception and UL transmission. From BS side, BS may simultaneously transmit PDCCH, PDSCH, SSB, or CSI-RS in a slot for UEs in the cell. For non-sleep mode, the energy consumption model can be simplified to be defined by RB utilization in a slot. For UL reception, the energy from LNA is much smaller than DL, according to the statistics, the energy consumption for UL reception and processing only accounts about 10% of BS energy consumption. Hence, BS energy consumption for DL and UL are separately modelled for non-sleep mode and TDD system. 

For non-sleep mode and FDD system, DL-only transmission mode and UL-only reception mode should be also defined similar as TDD system. Besides, considering the case of simultaneous DL transmission and UL reception, the energy consumption can be defined as the total of DL and UL energy consumption.
DL-only mode: The energy consumption of 100% DL RB utilization in a slot is defined for reference configuration, the DL RB utilization of other values, such as 50%, 30%, 10% can be scaled with respect to the energy consumption of 100% RB utilization. 

UL-only mode: The energy consumption of 100% UL RB utilization in a slot is defined for reference configuration, the UL RB utilization of other values, such as 50%, 30%, 10% can be scaled with respect to the energy consumption of 100% RB utilization.

DL+UL mode: For FDD system, simulation BW is assumed to split equally between UL and DL. The energy consumption of 100% DL RB utilization and 100% UL RB utilization in a slot is defined for reference configuration, the RB utilization of other values, such as 50%, 30%, 10% can be scaled with respect to the energy consumption of 100% RB utilization.

Proposal 5: DL-only mode and UL-only mode are defined for non-sleep mode and TDD system.

Proposal 6: DL-only mode, UL-only mode, and DL+UL mode are defined for non-sleep mode and FDD system.

2.2.3 Energy consumption model
In RAN1#109e meeting [2], slot-level power consumption of BS has been agreed.

	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.


The power for DL slot with 100% RB utilization (PDL) and the power for UL slot with 100% RB utilization (PUL) are defined in the energy consumption model for reference. Then, the realistic power can be scaled based on 

PRealistic=α*β*PDL+η*PUL

where, α and η defines the symbol occupation factor for DL and UL, respectively. Since the energy consumption of 100% symbol occupation is defined for reference power, the other symbol occupations can be scaled by α or η. The value of α and η can be discussed in scaling factor, such as whether α is equal to 0.1 for 10% DL symbol occupation. β defines the RB utilization factor for all the DL symbols that have transmission. For UL, considering the relatively small energy consumption of UL, no RB utilization scaling is needed for UL. 
As shown in Fig.3, the total energy consumption of BS depends on the time and energy consumption of BS in different sleep/non-sleep modes, as well as the time and energy consumption for ramp down and ramp up to different sleep modes. 
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Figure 3. Energy Consumption Model for BS
Based on the above discussion, the energy consumption model for BS can be defined as shown in Table 1. The model defines relative power in deep sleep mode as 1 unit, and relative power in other modes is expressed in multiples of this unit. The energy consumption during the mode transition is defined in Table 2, for simplicity, only the transition energy and time for BS entering/resuming from a sleep mode to non-sleep mode is considered, and immediate transition is assumed for evaluation purpose from micro sleep to a non-sleep mode.
Proposal 7: The energy consumption model for BS can be defined as shown in Table 1 and Table 2. 
Table 1: Energy Consumption Model for BS

	Sleep Mode
	Characteristics
	Relative Power

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this mode. 
	1

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this mode.
	1.875

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to active mode.
	2.54

	DL-only
	100% DL RB utilization in a slot.
	8.79

	UL-only
	100% DL RB utilization in a slot.
	4.17

	DL+UL
	100% DL RB utilization and 100% UL RB utilization in a slot
	6.48


Table 2: Energy Consumption During the Mode Transition
	Sleep Mode
	Additional transition energy
	Total transition time

	Deep sleep
	FFS
	xx second

	Light sleep
	FFS
	xx millisecond

	Micro sleep
	0
	0 ms


2.3 Energy consumption scaling for adaptation

In RAN1#109e meeting [2], multiple scaling factors have been listed for BS energy consumption model.

	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


The realistic energy consumption for BS is obtained by energy consumption scaling to the reference configuration by adaptation to realistic system parameters and modes. There are many system parameters that affect BS energy consumption. The number of active TRX chains and carrier aggregation level determine the number of receive and transmit paths that must be active. The bandwidth, RB utilization and the number of DL and/or UL symbols occupied within a slot determine the volume of data that must be processed. The energy consumption of AAU mainly comes from BBL, IRF and PA units. The energy consumption of BBL is related to the bandwidth and RB utilization, the energy consumption of IRF is related to the number of active Tx-Rx RUs, bandwidth, RB utilization, number of DL and/or UL symbols occupied within a slot, and number of carriers, and the energy consumption of PA is related to the number of active Tx-Rx RUs, bandwidth and RB utilization. Therefore, number of active TRX chains, bandwidth, RB utilization, number of DL and/or UL symbols occupied within a slot, and number of carriers should be considered for energy consumption scaling to reference configuration to obtain the realistic BS energy consumption.

Bandwidth: Bandwidth is linear with regard to the energy consumption of PA, and affects the energy consumption of data processing unit in IRF and baseband processing unit in BBL. The energy consumption scaling for PA could be modelled as linear function of bandwidth, but the energy consumption scaling for IRF and BBL is not much linear. For power values that are expected to vary with bandwidth, the model requires values for a maximum bandwidth configuration (e.g. 100MHz, 30kHz SCS) and a minimum bandwidth configuration (e.g. 10MHz, 30kHz SCS). For intermediate bandwidths, linear interpolation is assumed. 
RB utilization: The resource block allocation determines the volume of sample data that must be processed by the baseband. The load affects the energy consumption of PA, data processing unit in IRF, and baseband processing unit in BBL. We suggest to introduce simple scaling factor to multiplied to the baseline power numbers of 100% RB utilization.

Number of DL and/or UL symbols occupied within a slot: The energy consumption of 100% symbol occupation is defined for reference power, the other symbol occupations can be scaled by α or η, where α and η defines the symbol occupation factor for DL and UL, respectively. For simplification, linear scaling can be considered.
Number of used Tx-Rx RUs: The number of used Tx-Rx RUs is linear with regard to the energy consumption of PA, and linear with regard to the energy consumption of the AD/DC processing unit in IRF, but the number of used Tx-Rx RUs does not affect the energy consumption of data processing unit in IRF and the baseband processing unit in BBL. For high load, the PA energy consumption accounts for up to 70% of BS energy consumption. In this case, it can be considered that the number of used Tx-Rx RUs has an approximate linear relationship with regard to the energy consumption of BS. However, when the load is low, the PA energy consumption accounts for only 20% of BS energy consumption. The static energy consumption accounts for a large proportion, and the number of used Tx-Rx RUs has little effect on the total energy consumption of the BS. However, there is practical difficulty in measuring the power contribution separately for different load especially during the development phase. Thus, we suggest to introduce simple interpolation or curve fitting scaling factor to multiplied to the baseline power numbers.

Carrier Aggregation: Separate IRF chains may be used for each carrier. The energy consumption scaling for IRF could be modelled as linear function of energy consumption for a single carrier, but the energy consumption scaling for BBL is not linear due to shared components between carriers.

UL: The energy consumption for UL reception and processing only accounts for about 10% of BS energy consumption, considering the relatively small energy consumption of UL, no scaling is needed for network energy Consumption model.
Proposal 8: As shown in Table 3, the bandwidth, RB utilization, number of DL and/or UL symbols occupied within a slot, number of used Tx-Rx RUs, and number of carriers can be considered for energy consumption scaling to reference configuration to obtain the realistic BS energy consumption.

Table 3: Energy Consumption Scaling for Adaptation

	Scaling for FR1
	Proposal

	Bandwidth (DL)
	Scaling of X MHz=α+δ*X/100. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.

	Bandwidth (UL)
	No scaling for network energy Consumption model

	RB Utilization (DL)
	Scaling of X= β*X/100%. Linear interpolation for intermediate RB utilization. Valid only for X = 5%, 10%, 30%, and 50%.

	RB Utilization (UL)
	No scaling for network energy Consumption model

	DL symbols occupied within a slot
	Scaling of X symbols=α*X/14.

	UL symbols occupied within a slot
	Scaling of Y symbols=η*Y/14.

	Tx RUs
	32TxRU power is α*64TxRU power

16TxRU power is β*64TxRU power

	Rx RUs
	No scaling for network energy Consumption model

	CA (DL)
	2CC is α*1CC

4CC is β*1CC

	CA (UL)
	No scaling for network energy Consumption model


3. Consideration on evaluation methodology

During RAN1#109e meeting, agreements about performance metric, KPI, prioritized scenarios, traffic model and type of BS are made, and SLS is considered as baseline evaluation method with NR R15 mandatory without capability features taken as evaluation baseline. To evaluate the power consumption of TDD deployment, the frame structure needs to be aligned. Here we propose to consider practical deployment into consideration. 

Carrier frequency has been discussed as reference configuration parameters during last meeting at first, and then proposed to be reflected in SLS other than power model. For the SLS simulation parameters, although most parameters in TR38.802 can be reused with reference configuration agreed for network power saving, we think parameters related to practical deployment can be updated, for example, 2.6GHz has been widely deployed in China with frame structure configured as DDDDDDDSUU (S: 6D:4G:4U) .

And to evaluate frequency domain enhancement schemes, multi-carrier scenarios is considered, the evaluated CC combinations can choose from {2.6GHz, 4.9GHz}, {2.6GHz, 700MHz}. To evaluate the power saving gain of cross carrier synchronization(SSB transmission on one carrier provides synchronization for the other carrier), some combinations with smaller frequency gap can be considered, such as  {700MHz, 900MHz}, {1.8GHz, 1.9GHz}, {2.6GHz, 2.6GHz}.

Proposal 9: 2.6GHz is take as Carrier frequency for SLS with frame structure DDDDDDDSUU (S: 6D:4G:4U).

Proposal 10: For multiple carriers CA deployment, the CC combinations for simulation can choose from {2.6GHz, 2.6GHz},   {2.6GHz, 4.9GHz}, {2.6GHz, 700MHz},{700MHz, 900MHz}, {1.8GHz, 1.9GHz}.

4. Conclusion

Based on the above discussions, the proposals are as follows:
Proposal 1: Confirm the working assumption that the number of Tx-Rx RUs for FR1 FDD is 32.

Proposal 2: 49dBm is assumed as the total DL power level for FR1 FDD.

Proposal 3: 34dBm is assumed as the total DL power level and EIRP is limited to 68dBm for FR2.

Proposal 4: Three sleep modes can be considered in the energy consumption model for BS, and BS is neither transmitting nor receiving during sleep modes:

Deep sleep mode is used to model the mode where most of PAs, TRXs, and IRF are turned off, and the transition time from or to non-sleep mode is second level. 
Light sleep mode is used to model the mode where PAs and TRXs are turned off, and the transition time from or to non-sleep mode is millisecond level. 

Micro sleep mode is used to model the short period in TTI where no data is transmitted, and the transition time from or to non-sleep mode is almost 0ms.
Proposal 5: DL-only mode and UL-only mode are defined for non-sleep mode and TDD system.

Proposal 6: DL-only mode, UL-only mode, and DL+UL mode are defined for non-sleep mode and FDD system.

Proposal 7: The energy consumption model for BS can be defined as shown in Table 1 and Table 2. 
Table 1: Energy Consumption Model for BS

	Sleep Mode
	Characteristics
	Relative Power

	Deep Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this mode. 
	1

	Light Sleep
	Time interval for the sleep should be larger than the total transition time entering and leaving this mode.
	1.875

	Micro sleep
	Immediate transition is assumed for power saving study purpose from or to active mode.
	2.54

	DL-only
	100% DL RB utilization in a slot.
	8.79

	UL-only
	100% DL RB utilization in a slot.
	4.17

	DL+UL
	100% DL RB utilization and 100% UL RB utilization in a slot
	6.48


Table 2: Energy Consumption During the Mode Transition
	Sleep Mode
	Additional transition energy
	Total transition time

	Deep sleep
	FFS
	xx second

	Light sleep
	FFS
	xx millisecond

	Micro sleep
	0
	0 ms


Proposal 8: As shown in Table 3, the bandwidth, RB utilization, number of DL and/or UL symbols occupied within a slot, number of used Tx-Rx RUs, and number of carriers can be considered for energy consumption scaling to reference configuration to obtain the realistic BS energy consumption.

Table 3: Energy Consumption Scaling for Adaptation

	Scaling for FR1
	Proposal

	Bandwidth (DL)
	Scaling of X MHz=α+δ*X/100. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, and 100.

	Bandwidth (UL)
	No scaling for network energy Consumption model

	RB Utilization (DL)
	Scaling of X= β*X/100%. Linear interpolation for intermediate RB utilization. Valid only for X = 5%, 10%, 30%, and 50%.

	RB Utilization (UL)
	No scaling for network energy Consumption model

	DL symbols occupied within a slot
	Scaling of X symbols=α*X/14.

	UL symbols occupied within a slot
	Scaling of Y symbols=η*Y/14.

	Tx RUs
	32TxRU power is α*64TxRU power

16TxRU power is β*64TxRU power

	Rx RUs
	No scaling for network energy Consumption model

	CA (DL)
	2CC is α*1CC

4CC is β*1CC

	CA (UL)
	No scaling for network energy Consumption model


Proposal 9: 2.6GHz is take as Carrier frequency for SLS with frame structure DDDDDDDSUU (S: 6D:4G:4U).

Proposal 10: For multiple carriers CA deployment, the CC combinations for simulation can choose from {2.6GHz, 2.6GHz},   {2.6GHz, 4.9GHz}, {2.6GHz, 700MHz},{700MHz, 900MHz}, {1.8GHz, 1.9GHz}.
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