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1. Introduction
In RAN1 #109e meeting, the general framework of BS energy consumption model and some details of evaluation methodology were discussed with the agreements in Appendix A [1].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, we provide our views on the remaining issues of BS energy consumption model, evaluation methodologies, and present the general evaluation results for NW energy saving.
2. Base station (BS) energy consumption model
According to the SID and the agreements in RAN1#109e, the framework of BS energy consumption model will adopt UE power consumption modelling in TR 38.840 [2] as the baseline with proper adaptation. It includes at least the following components:
· Reference configuration: FR1 and FR2 to be separately considered.
· 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.
However, there are still a few remaining details about the BS energy model regarding the three components mentioned above that need to be discussed in the following sub-sections.
2.1. [bookmark: _Hlk70087832][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Reference configuration
In RAN1#109-e meeting, the reference configuration for evaluation and BS energy consumption modeling was agreed as follows.
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
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.

For the reference configuration, there are two remaining issues to be confirmed or resolved: one is the total number of DL TX RUs and UL RX RUs for Set 2 FR1 FDD case; the other is the total DL power level for Set 2 FR1 case and Set 3 FR2 case. They should be determined based on typical BS implementations.
[bookmark: _Ref111200169]Proposal 1: Confirm/determine values of Set 2 FR1 and Set 3 FR2 based on typical BS implementations.
2.2. BS power states
The following agreements regarding BS power states have been achieved during RAN1#109-e meeting. 
Agreement
· For evaluation, at least for non-sleep mode and TDD, the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
· FFS: whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model
· FFS: the impact of UL reception and/or DL transmission on sleep modes and associated transition time/energy
· FFS: whether/how to define an idle state, where BS is neither transmitting nor receiving but also doesn’t enter into any sleep mode or define it as sleep mode
· FFS: whether the model for FDD can be based on the model for TDD
Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.

Framework of BS power state
Similar to the UE power consumption model, the discussion of the BS energy consumption model also involves the following two main categories of power states: sleep mode and non-sleep mode.
For sleep mode, it means the power state that some of the hardware components are switched off when there is no transmission or reception. Different sleep modes represent different switched-off components, which corresponds to different power consumption values. However, the transition time for shutting down or waking up these hardware components differs significantly. For example, the power amplifier (PA) requires only one OFDM symbol to complete this transition, while other components such as the digital baseband require more time, to reach the millisecond-level. As described in [3], four BS sleep modes are defined by grouping components with similar transition times, corresponding to a total transition time (deactivation plus reactivation) of 71 μs (OFDM symbols), 1 ms (subframe or TTI), 10 ms (frame) and 1 s (long-term sleep). A deeper level of sleep mode saves more energy as more hardware components are deactivated, but a deeper level of sleep mode means it takes longer to deactivate or reactivate them. Therefore, for sleep mode, four sleep states could be defined based on the transition time of different hardware components as shown in Table 1. In addition, the following additional transition energy should be defined for the transitions between the different sleep states and the non-sleep state. For the transitions between different sleep states, it is considered that it could be unnecessary to evaluate the transitions between different sleep states, considering the necessity of the implementation and the complexity of the evaluation.
[bookmark: _Ref111196090]Table 1. The framework of transition state on BS side
	Sleep type
	Additional transition energy: (Relative power x ms) 
	Total transition time 

	Quasi-off sleep
	Y0
	1s

	Deep sleep 
	Y1 
	10 ms 

	Light sleep 
	Y2
	1 ms 

	Micro sleep 
	0 
	0 ms* 

	*Immediate transition is assumed for BS energy saving study purpose from or to a non-sleep state


[bookmark: _Ref111200171]Proposal 2: Adopt the framework with four sleep types and transition states shown in Table 1, at least including sleep types with second-level, millisecond-level and microsecond-level (~0 ms) transition time.
For non-sleep mode, it is already agreed that the BS power consumption for DL and UL are separately modelled, allowing DL-only transmission or UL-only reception.
For DL-only transmission, the power consumption of the transmission of different DL signals/channels (e.g. PDCCH, PDSCH, CSI-RS and SSB) consume almost the same energy if they occupy the same amount of time-frequency resource. General, the BS consists of hardware components such as base band unit (BBU) and active antenna unit (AAU). The BBU is responsible for NR baseband protocol processing, and AAU mainly completes the conversion of NR baseband signal to RF signal and the transceiver processing function of NR RF signal. The energy consumption of AAU is the main component of the energy consumption of base station. For the downlink transmission, the differences in time-frequency-spatial domain resources of different DL signals/channels could be reflected by means of scaling. Therefore, a unified DL power state could be defined for all downlink channels.
For UL-only reception, firstly, the energy consumption of the base station receiver components is relatively small compared to the transmitter components. Secondly, the energy consumption of the low noise amplifier (LNA) in the receiver components is small and the main energy consumption on the receive side is all in the BBU processing part. The reception processing may not differ much for different UL channels or signals. Therefore, a unified UL power state and relative power value could be defined for the reception of different UL signals/channels (e.g. PUCCH, PUSCH and SRS).
[bookmark: _Ref111200173]Proposal 3: Adopt separate unified DL and UL power states without distinction of channel types.
Another remaining issue is the definition of the idle state that corresponds to the power state in which the base station is neither transmitting nor receiving.  In our view, the power consumption value should be made clear when BS is in this state since it may be needed in baseline evaluation. For example, one possible baseline would be the case BS is not entering or modeling any sleep mode. Thus, when there is no load, BS is naturally in such state. If micro sleep is defined as zero transition time and transition energy, the idle state could be equivalent to micro sleep state.
[bookmark: _Ref111200175]Proposal 4: The power consumption value for idle state should be made clear, i.e., it could be equivalent to micro sleep if it is zero transition time and energy; otherwise, it should be defined independently.
In summary, the definition of the BS power states with the corresponding relative powers as shown in Table 2 could be considered as the starting point for evaluation. 
[bookmark: _Ref111018832]Table 2. The framework of BS power states
	Power State
	Characteristics
	Relative Power

	Quasi-off Sleep
(SM4 in [3])
	Represents the longest sleep mode where the BS retains its wake-up functionalities but almost all its components are deactivated
	X0

	Deep Sleep
(SM3 in [3])
	corresponds to a longer sleep mode in which more components of the analog front-end and digital baseband are disabled compared to Light Sleep.
	X1

	Light Sleep
(SM2 in [3])
	corresponds to a longer sleep mode in which more components of the analog front-end are disabled compared to Micro sleep.
	X2

	Micro sleep
(SM1 in [3])
	represents the shortest sleep mode where the PA and some components of the digital baseband and the analog front-end are deactivated.
	X3

	DL only
	Transmission of PDCCH and/or PDSCH and/or SSB and/or CSI-RS
	X4

	UL only
	Reception of PUSCH and/or PUCCH and/or SRS and/or RACH
	X5

	Idle
	No any transmission or reception
	X6*

	Note: (*) depending on gNB sleep state, the Idle state power consumption could be one of the values among micro/light/deep/quasi-off sleep


[bookmark: _Ref111200176][bookmark: OLE_LINK3][bookmark: OLE_LINK4]Proposal 5: Adopt the framework of BS power states shown in Table 2, at least including four sleep power states and two non-sleep states with DL-only and UL-only.
Relative power value for BS power state
For the relative power values of different power states, as described in the example in [4], the concrete power consumption of 2x2 MIMO BS (1 sector) with 20MHz bandwidth in different states is shown in Table 3. However, the Tx power in reference configuration Set 1 FR1 is 55dBm which is 8 times compared to 46dBm. If Tx power is changed to 55dBm, the power consumption is calculated to 52.3+8*(250-52.3) = 1633.9W, which is provided in Table 4. If we assume that the relative power X1 in the SM3 sleep state (i.e. deep sleep) is equal to 1, then the relative power X2 in light sleep is approximately 1.5 and the relative power X3 in micro sleep is approximately 5.5, and the relative power X4 in DL-only state is 172.
[bookmark: _Ref111196507]Table 3. Power consumption of 2x2 MIMO BS with 46 dBm power and 20 MHz BW in different states
	DL only
	UL only
	SM1
	SM2
	SM3

	250 W
	109W
	52.3W
	14.3 W
	9.51 W


[bookmark: _Ref111132496]Table 4. Power consumption of Set 1 FR1 BS with 55 dBm power
	DL only
	UL only
	SM1
	SM2
	SM3

	1633.9 W
	109W
	52.3W
	14.3 W
	9.51 W

	X4 = 172
	X5 = 11.5
	X3 = 5.5
	X2 = 1.5
	X1 = 1


[bookmark: _Ref102057151][bookmark: _Ref111200394]Proposal 6: Adopt the following relative power value in following table for different power states for Set 1 FR1 TDD:
	Power State
	Characteristics
	Relative Power

	Quasi-off Sleep
	Represents the longest sleep mode where the BS retains its wake-up functionalities but almost all its components are deactivated
	X0

	Deep Sleep
	corresponds to a longer sleep mode in which more components of the analog front-end and digital baseband are disabled compared to Light Sleep.
	X1 = 1

	Light Sleep
	corresponds to a longer sleep mode in which more components of the analog front-end are disabled compared to Micro sleep.
	X2 =1.5

	Micro sleep
	represents the shortest sleep mode where the PA and some components of the digital baseband and the analog front-end are deactivated.
	X3 = 5.5

	DL only
	Transmission of PDCCH and/or PDSCH and/or SSB and/or CSI-RS (Full BW and Full Tx Power)
	X4 = 172

	UL only
	Reception of PUSCH and/or PUCCH and/or SRS and/or RACH
	X5 = 11.5


Handling of Rx in sleep mode
The handling of Rx for the base station in sleep mode is an issue to be considered, e.g., whether Rx components are deactivated in the above-mentioned sleep mode. For the base station itself, the PA in the transmitter components, which has been identified as the largest energy consumer, typically accounts for about 60% of the total BS energy. On the other hand, the energy consumption of the low noise amplifier (LNA) in the receiver components, is relatively small. In our opinion, there are three options to consider for the handling of Rx for the base station in sleep mode, as shown in Figure 1. 
In Option 1, the sleep mode is defined for both Tx and Rx jointly, 
· i.e. the base station needs to be woken up for any Tx or Rx. This way is relatively simple to implement, but it may be difficult to enter deeper sleep mode due to the frequent wake-up of Rx (usually a base station would serve many UEs). 
In Option 2, the sleep mode is only defined for Tx, 
· i.e. there is no need to wake up the BS due to Rx. Under this approach, it assumes almost zero-transition time Rx switching or always-on Rx since the energy consumption of Rx is much smaller than that of Tx and thus can be omitted. In this way, it is easier to enter deeper sleep mode.
In Option 3, separate sleep modes are defined for Tx and Rx, 
· i.e. wake up the BS Tx sleep or Rx sleep due to the Tx or Rx needs respectively. This approach is the most flexible and conducive to network energy saving, but it is also the most complex implementation with more diverse combinations.
	

	


	(a) Option 1
	(b) Option 2

	


	(c) Option 3


[bookmark: _Ref102051686]Figure 1. Three options for the handling of Rx for the base station in sleep mode
[bookmark: _Ref102057311][bookmark: _Ref111019222]Proposal 7: The following options for handling of Rx for the base station in sleep mode should be discussed and determined.
· Option 1: Sleep mode is defined for Tx and Rx jointly, i.e. there is need to wake up the BS due to any Tx or Rx.
· Option 2: Sleep mode is defined for Tx only, i.e. there is no need to wake up the BS due to Rx.
· Option 3: Sleep mode is defined for Tx and Rx separately, i.e. there is need to wake up BS Tx sleep/Rx sleep due to Tx/Rx respectively.
Transition between different power states
In our view, the same transition mechanism in UE power model could be reused for simplicity, i.e., only transition between sleep mode and non-sleep mode is allowed.  
For the base station in sleep mode, the handling of wake-up in different phases needs to be handled. Each sleep mode is characterized by 3 different phases, deactivation phase, sleep phase and activation phase. When the base station is in the deactivation phase, if there is a waking request during this phase, it will be postponed. The base station would continue to deactivate the relevant hardware components until deactivation is complete. When the base station is in the sleep phase, if there is a waking request during this phase, the base station will start activation immediately. When the base station is in the activation phase, if there is a waking request during this phase, the base station would continue to activate until the activation is complete. The new waking request would have no additional impact on the activation of the base station.
When the base station is in active state and after an Rx or Tx, it will determine when to go to sleep state and which sleep state according to some configured signals/channels (e.g., SSB, SRS, …). Predictable traffic arrival is not considered in this evaluation. Hence, eventually the traffic arrival delay may occur. 


[bookmark: _Hlk101802527]Figure 2. The handling of wake-up in different phases of sleep mode
[bookmark: _Ref102057397][bookmark: _Ref111019224]Proposal 8: Allow transition between sleep mode and non-sleep mode only and adopt the followings,
· handling of wake up in different phases from a sleep mode:
· Waking request in deactivation phase: Continue deactivation until finished and then start activation immediately.
· Waking request in sleep phase: Start activation immediately after the request. 
· Waking request in activation phase: Continue activation until finished.
· handling of active mode to sleep mode:
· determine when to go to sleep state and which sleep state according to some configured signals/channels (e.g., SSB, SRS, …). Predictable traffic arrival is not considered in this evaluation. 

2.3. Scaling Methods
The following agreement regarding scaling method have been achieved during RAN1#109-e meeting. 
Agreement
For evaluation purpose, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.
Agreement
For evaluation, 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
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

· 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
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

For scaling methods, at least for non-sleep mode should be applied. And given the complexity of the evaluation, scaling methods in the sleep mode could be disregarded. For scaling methods in non-sleep mode, the following four aspects of scaling could be considered: time domain, frequency domain, power domain and spatial domain.
Scaling in time domain
Similar to UE power consumption model, the relative power values in above BS power state in Table 2 are defined for UE Tx mode on slot-level. However, from a practical point of view, neither SSB nor CSI-RS occupies the whole slot, and even for PDCCH and PDSCH, there are cases where the entire slot is not fully occupied. Therefore, the actual relative power consumption of each slot needs to be scaled according to the actual symbol-occupancy in a slot. The following scaling framework in Table 5 for time domain could be a starting point.
[bookmark: _Ref111018891]Table 5. The scaling framework for time domain
	Scaling Type
	Duplex
	Proposal
	Comment

	DL only transmission with d DL symbols
	TDD
	X3 + (d/14) * (X4-X3)
	d is the number of the symbols occupied by DL channels in the slot, e.g. d=4 for 4-symbol SSB
DL only in the slot, i.e. d DL symbols and (14-d) idle symbols

	UL only transmission with u UL symbols
	TDD
	X3 + (u/14) * (X5-X3)
	u is the number of the symbols occupied by UL channels in the slot, e.g. u=4 for 4-symbol RACH
UL only in the slot, i.e. u UL symbols and (14-u) idle symbols

	Hybrid slot with d DL symbols and u UL symbols
	TDD
	X3 + (d/14) * (X4-X3) + (u/14) * (X5-X3)
	d is the number of the symbols occupied by DL channels in the slot
u is the number of the symbols occupied by UL channels in the slot
DL and UL in the slot, i.e. d DL symbols, u UL symbols and (14-d-u) idle symbols

	Hybrid slot with d DL symbols and u UL symbols
	FDD
	Option 1: [X3 + (d/14) * (X4-X3)] + [X3 + (u/14) * (X5-X3)]
Option 2: X3 + (d/14) * (X4-X3)
	Option 1: the power consumption is the total of DL and UL power consumption
Option 2: the power consumption for UL is neglected


[bookmark: _Ref111019225]Proposal 9: Adopt scaling adaptation according to the actual symbol-occupancy in a slot, where Table 5 could serve as a starting point.
Scaling in frequency domain
For scaling in frequency domain, two main aspects of scaling could be considered, one is scaling in the occupied bandwidth and the second is scaling on the CA-level. For the scaling in the occupied bandwidth, no need to perform scaling of occupied bandwidth for DL transmission, as this is already reflected in the scaling on the power domain. For UL reception, scaling factor resulting from occupied UL bandwidth is used for scaling. Besides, for the scaling on the CA-level, it could be considered the way of summing the power values of each RF (which may include multiple CCs) for DL transmission and linear scaling on number of used CCs for UL reception. Therefore, the following scaling framework in Table 6 for frequency domain could be as a starting point.
[bookmark: _Ref111018915]Table 6. The scaling framework for frequency domain
	Scaling Type
	Duplex
	Proposal
	Comment

	UL reception with bandwidth Y MHz
	TDD/FDD
	Scaling of Y MHz = alpha + (1-alpha) * (Y - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for Y=  20, 40, 80, and 100, for Y<20, the result by scaling formula is derived by assuming Y=20 
	alpha = [0.4]

	DL transmission with multiple CCs
	TDD/FDD
	Calculate power value per RF, where the RF is shard by i-th CC group. Final power consumption is the sum of per RF power value
	For per RF power, the total power for the CC group is used for scaling

	UL reception with multiple CCs
	TDD/FDD
	2CC is beta x1CC
4CC is 2*beta x1CC
	beta = [1.7]


[bookmark: _Ref111019227]Proposal 10: Adopt scaling adaptation according to the occupied bandwidth or the number of used CCs compared to reference configuration, where Table 6 could serve as a starting point.
Scaling in power domain
For DL transmission, there is no need to scale the occupied bandwidth, and scaling in the power domain could be considered. The actual transmission power is used for scaling compared to the power in reference configuration. Besides, no need to perform scaling for PSD. Therefore, the following scaling framework in Table 7 for power domain could be as a starting point.
[bookmark: _Ref111018939]Table 7. The scaling framework for power domain
	Scaling Type
	Duplex
	Proposal
	Comment

	DL transmission with total power P
	TDD/FDD
	(P/P0)*(X4-X3)+X3
	P and P0 are linear power value
P is the actual transmission power
P0 is total power in reference configuration


[bookmark: _Ref111019228]Proposal 11: Adopt scaling adaptation according to actual transmission power for DL transmission compared to reference configuration, where Table 7 could serve as a starting point.
Scaling in spatial domain
The final aspect of power scaling to consider is spatial domain. 5G BS with massive MIMO (mMIMO) could increase network capacity by multiplexing data streams, but also needs higher power consumption as the PA module for the transceiver may require more power consumption when the number of TxRUs is higher. The power consumption of mMIMO is mainly depending on the number of "ON" TxRUs. BS could mute some sets of the BS antenna/transceiver modules for power saving. Therefore, the following scaling framework in Table 8 for spatial domain could be as a starting point.
[bookmark: _Ref111018960]Table 8. The scaling framework for spatial domain
	Scaling Type
	Duplex
	Proposal
	Comment

	Antenna scaling (DL)
	TDD/FDD
	32Tx power is gamma1 x 64Tx power for FR1
16Tx power is gamma1 x 32Tx power for FR1
8Tx power is gamma1 x 16Tx power for FR1
1Tx power is gamma2 x 2Tx power for FR2
2Tx power is gamma2 x 4Tx power for FR2
	0<gamma1<1
0<gamma2<1

	Antenna scaling (UL)
	TDD/FDD
	32Rx power is sigma1 x 64Rx power for FR1
16Rx power is sigma1 x 32Rx power for FR1
8Rx power is sigma1 x 16Rx power for FR1
1Rx power is sigma2 x 2Rx power for FR2
2Rx power is sigma2 x 4Rx power for FR2
	0<sigma1<1
0<sigma2<1


[bookmark: _Ref111019229][bookmark: _Hlk101274526]Proposal 12: Adopt scaling adaptation according to the number of "ON" TxRUs compared to reference configuration, where Table 8 could serve as a starting point.
3. Evaluation methodology and initial results
3.1. Evaluation methodology
The following agreements regarding evaluation methodology for BS energy saving have been achieved during RAN1#109-e meeting. 
Agreement
At least urban macro is prioritized for FR1. FFS the baseline deployment assumption for FR2.
Agreement
· FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time), FTP3 IM (0.1MB as packet size, 2s as mean inter-arrival time) and VOIP can be considered in the evaluation 
· FFS: with possible further prioritization, different model between DL and UL, and/or other traffic models that can be optionally considered.
FFS associated scenarios/configurations, e.g. C-DRX.
Agreement
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.

The use of energy consumption model on the base station side will not only have an impact on the performance of the base station but also on the performance of the user, so the evaluation of the NW energy saving study should consider using the system-level simulation, which can obtain more comprehensive evaluation results. For system-level simulation, details of the deployment scenarios, traffic models and other evaluation methodologies need to be clarified.
Deployment scenarios
[bookmark: _Hlk101274675]In NW energy saving SID, 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
[bookmark: _Hlk101724211]Due to the limited TUs for NW energy saving study and the numerous evaluation workload, the priority of deployment scenarios for evaluation needs to be determined. For the prioritization of deployment scenarios, we propose to prioritize the evaluation of Urban micro in FR1, FR2 beam-based scenarios and Urban/Rural macro in FR1 without DSS. In addition, from the evaluation perspective, it is possible to consider mapping the scenarios described in SID to those in TR 38.802 [5], as shown in the table below and reusing the simulation assumption setting.
Table 9. The mapping between scenarios in SID and scenarios in TR 38.802
	Scenarios in SID
	[bookmark: _Hlk101723072]Scenarios in TR 38.802

	Urban micro in FR1, including TDD massive MIMO (note: this scenario can also model small cells)
	Dense Urban single layer/dual layer on 4GHz

	FR2 beam-based scenarios (note: this scenario can also model small cells)
	Dense Urban single layer/dual layer on 30GHz

	Urban/Rural macro in FR1 with/without DSS (no impact to LTE expected in case of DSS)
	Urban/Rural macro on 4GHz

	EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/[FR2] frequency
	Urban/Rural macro on 4GHz/30GHz


[bookmark: _Ref102057165]Proposal 13: Evaluation scenarios could reuse the simulation assumption setting in TR 38.802.
Traffic models by considering IDLE state
In RAN1 #109e meeting, the following traffic models were agreed upon for evaluation, 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. These traffic models are sufficient for evaluating the performance of RRC-connected state UEs. However, BS energy saving techniques or BS energy consumption model also have an impact on the RRC-idle state UEs. And the above traffic models may not be suitable for performance evaluation of RRC-idle state UEs, as the inter-arrival time interval of the above traffic is too short compared to the transition time between the RRC-idle and RRC-connected states. Therefore, it is necessary to introduce a sparse traffic model with a larger inter-arrival time for evaluating the performance of RRC-idle state UEs. As described in TR38875 [6], the heartbeat traffic model in Table 10 could be the starting point for evaluating the performance of RRC-idle state UEs. Besides, for the performance evaluation of RRC-idle state UEs, it is not practical to model processes such as the synchronization as well as RRC connection establishment in system-level simulations given the complexity of the evaluation, so these processes could be reflected by assuming a suitable delay. For example, the total transition time between the RRC-idle and RRC-connected states could be assumed to be 200ms, and the RRC connection duration could be assumed to be 30ms. This RRC connection duration includes the time for the RRC connection to be established, the time for the data to be transferred and the time for the RRC connection to be released.
[bookmark: _Ref102051407]Table 10. The traffic model and additional assumptions for evaluating the RRC-idle state UEs performance 
	Traffic mode:  Heartbeat (*TR38.875)

	Model
	FTP model 3

	Packet size
	100 Bytes

	Mean inter-arrival time
	60 seconds

	Additional assumptions

	Additional transition time from IDLE to CONNECT (assuming SSB /SIB1 transmission fully)
	[200ms]

	RRC connection duration (including Msg1/2/3/4 and RRC setup)
	[30ms]


[bookmark: _Ref102057168]Proposal 14: The Heartbeat traffic model and additional assumptions in Table 10 could be considered for evaluating the RRC-idle state UEs performance if needed, where the transition time between the RRC-idle and RRC-connected states and RRC connection duration should be defined.
System load
[bookmark: OLE_LINK14][bookmark: OLE_LINK15][bookmark: OLE_LINK16][bookmark: _Hlk101274994]As described in SID, 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. 
On one aspect, different load scenarios should be exactly defined. For idle/empty load scenarios, there will be no traffic arrival and connected UEs in the concerning cells. For definition of low/medium load scenario, many factors could be considered such as traffic density, number of UEs per cell, resource utilization, etc. For example, 5 UEs per cell and an average packet interval of 200ms for FTP3 is defined as a load level, or, 20% ~ 30% of RU is defined as a load level.
[bookmark: _Ref102151127]Proposal 15: The definition of load scenarios (e.g., low/medium load) should at least include 
· traffic density, 
· number of UEs per cell, 
· and/or resource utilization ratio.

Non-uniform UE distribution
On the other hand, it is difficult to simulate the case that there are no UEs in some of the cells if only uniform UE distribution is considered. However, it is a typical scenario for NW energy saving study since the cells without UE camping can be deactivated (i.e., no or sparse SSB/SIB transmission). In order to achieve this, the non-uniform UE distribution should be considered with the following two potential approaches.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. For example, the single-layer scenario with multiple cells, such as the hexagonal layout with 7 sites, 3 sectors, the UE only distribution concentrates partial cells, e.g., the 14 cells out of 21 cells in dense urban scenario have UE camped and the remaining 7 cells have no UE camped.
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area. For example, a hexagonal layout is generated first and a number of clusters or buildings randomly drop within the hexagonal layout. Then UEs are randomly and uniformly dropped within the clusters.
[bookmark: _Ref102057169][bookmark: _Ref111019237]Proposal 16: Non-uniform UE distribution should be considered in network energy saving evaluation and the following two approaches could be a starting point for evaluating the RRC-idle state UEs performance.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. 
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area.
How to model the BS energy consumption model
To model the BS power consumption model in system-level simulation, the following algorithm can be considered as a starting point. Firstly, periodical signaling (e.g. periodical SSB, CSI-RS, etc.) is used to determine the sleep mode. If sleep mode is defined for Tx and Rx jointly (i.e., Option 1 in section 2.1), periodical signaling includes UL signaling (e.g., periodical PUCCH for SR, SRS) besides periodical SSB or CSI-RS. Secondly, if the BS reception is always on in sleep mode, all DL and UL data requests wake up the base station from sleep mode immediately. However, if sleep mode is defined for Tx and Rx jointly, UL data requests cannot wake up the base station immediately, the base station will start uplink scheduling only after periodical wake-up. Considering the time of activation and deactivation of the base station components, the time interval between periodical signaling or between the end of active time and periodical signaling determines the sleep state that the base station could enter, which is depicted in Figure 3. 


[bookmark: _Ref102051730][bookmark: _Hlk101802419]Figure 3. The schematic diagram of sleep pattern determination
[bookmark: _Ref102057171]Proposal 17: Algorithm for determination of sleep mode should be aligned/reported since it will impact the final evaluation of benefit for network energy saving schemes. 
3.2. Performance results
In this section, based on the BS energy consumption model as discussed above, we perform system-level simulation to evaluate the BS energy consumption and provide some analysis according to the initial evaluation results. Since 3GPP has not yet agreed on a common energy consumption model for base stations, the preliminary simulation results of BS power consumption mode provided in this section use the relative power values referencing in the UE power consumption model in TR38.840. Some details of the simulation parameters are given below, and more detailed simulation parameters can be found in Appendix B.
· Deployment scenario: Urban Macro with single layer
· Carrier frequency: FR1 4GHz
· Simulation bandwidth: 100MHz. 
· UE number: 2/6/10/15/20 UEs per cell 
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Traffic model: DL FTP3, packet size = 0.5Mbytes, mean packet interval = 200ms
· Periodical signaling period (e.g. SSB, CSI-RS,): 20ms
In this simulation, following two simulation cases are compared and no UE power saving techniques are considered.
· Baseline: all BSs are legacy BS without sleep mode
· Power saving scheme: all BSs are enhanced BS with sleep mode
The system-level simulation results of baseline and power saving scheme with different numbers of UEs per cell are shown below. The different numbers of UEs per cell are used to simulate different loads, corresponding to low/low-medium/medium/medium-high/high loads respectively, as shown in Table 11. And the SE, UPT and transmit latency performance at different loads are presented in Table 12. And Table 13 gives the power consumption performance of the base station and UE under different traffic loads. Figure 4 shows the variation of the UE average UPT and BS power saving gain with the load.
[bookmark: _Ref102060106]Table 11. Network resource utilization of different traffic loads
	Load
	Low load
	Low-medium load
	Medium load
	Medium-high load
	High load

	RU
	7.0%
	22.8%
	40.9%
	65.2%
	85.0%


[bookmark: _Ref102060116][bookmark: OLE_LINK17]Table 12. SE, UPT and transmit latency performance under different loads
	
	Load
	SE (bit/s/Hz)
	Transmit latency (ms)
	UPT (Mbps)

	
	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Baseline
	Low
	1.09
	8.14
	5.09
	6.13
	16.02
	614.39
	257.40
	690.42
	788.60

	PS scheme
	
	1.09
	9.97
	6.64
	8.32
	16.93
	497.68
	248.47
	537.07
	647.03

	Baseline
	Low-medium
	3.27
	10.91
	5.52
	7.95
	20.98
	532.82
	223.35
	557.94
	751.03

	PS scheme
	
	3.27
	13.31
	7.32
	10.36
	25.71
	441.89
	208.33
	463.10
	614.78

	Baseline
	Medium
	5.38
	20.99
	6.08
	12.41
	54.49
	441.16
	172.14
	434.15
	710.60

	PS scheme
	
	5.39
	23.04
	7.74
	14.29
	58.42
	383.18
	161.78
	376.77
	598.93

	Baseline
	Medium-high
	8.00
	42.55
	7.26
	22.01
	141.60
	344.32
	94.26
	318.61
	647.56

	PS scheme
	
	8.02
	47.49
	8.58
	24.18
	147.79
	314.42
	89.20
	291.79
	583.51

	Baseline
	High
	10.42
	129.94
	9.62
	59.73
	484.48
	237.95
	26.93
	192.47
	579.21

	PS scheme
	
	10.46
	126.46
	10.34
	58.70
	453.07
	232.61
	24.10
	189.18
	558.15


[bookmark: _Ref102060122]Table 13. Power consumption performance under different loads
	
	Load
	BS power consumption
	UE power consumption

	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Baseline
	Low
	79.75
	74.15
	77.54
	90.70
	95.15
	92.05
	93.94
	101.11

	PS scheme
	
	51.33
	45.27
	48.99
	63.20
	94.87
	92.04
	93.90
	99.79

	PS gain
	
	35.64%
	38.94%
	36.82%
	30.32%
	0.29%
	0.01%
	0.04%
	1.31%

	Baseline
	Low-medium
	109.37
	94.23
	106.52
	127.40
	95.95
	92.34
	94.69
	102.38

	PS scheme
	
	84.23
	67.52
	80.79
	102.61
	95.88
	92.31
	94.72
	101.78

	PS gain
	
	22.99%
	28.35%
	24.15%
	19.46%
	0.07%
	0.04%
	-0.03%
	0.58%

	Baseline
	Medium
	143.56
	122.36
	139.48
	174.57
	97.33
	92.83
	96.09
	105.49

	PS scheme
	
	123.87
	98.69
	118.92
	159.81
	97.53
	92.87
	96.29
	105.22

	PS gain
	
	13.72%
	19.35%
	14.74%
	8.45%
	-0.21%
	-0.04%
	-0.21%
	0.26%

	Baseline
	Medium-high
	189.56
	159.94
	184.45
	233.81
	100.90
	92.99
	98.41
	115.48

	PS scheme
	
	176.42
	141.85
	172.28
	227.47
	100.92
	93.18
	98.51
	115.12

	PS gain
	
	6.93%
	11.31%
	6.60%
	2.71%
	-0.02%
	-0.20%
	-0.10%
	0.31%

	Baseline
	High
	225.70
	197.19
	226.87
	247.37
	109.78
	93.29
	105.94
	142.82

	PS scheme
	
	222.72
	185.53
	225.93
	247.74
	110.86
	93.35
	105.73
	148.77

	PS gain
	
	1.32%
	5.92%
	0.41%
	-0.15%
	-0.99%
	-0.06%
	0.20%
	-4.17%




[bookmark: _Ref101793169][bookmark: OLE_LINK19][bookmark: OLE_LINK20][bookmark: _GoBack]Figure 4. SLS result curves for baseline and power saving scheme
From the above results, it can be observed that the average UE UPT and the corresponding BS power saving gain decreases as the load increases, both for the baseline and power saving schemes. And the impact of the BS power saving scheme on the UE power consumption is very small. In low load case, the UPT loss for BS power saving scheme compared to the baseline is larger than that in higher loads. The reason could be that in low load case, the BS can enter deep sleep mode due to the very sparse traffic arrival. Mostly, the traffic arrives during BS deep sleep mode and BS needs a large transition time to wake up from deep sleep mode. This could lead to large latency and low resource efficiency. 
For the case with 2 UEs per cell, the RU is about 7%, the power saving scheme can obtain about 35.6% of the BS power saving gain, but the corresponding average UE UPT decreases from 614.4Mbps to 497.7Mbps. For the case with 20 UEs per cell, the RU reaches 85%, the power saving scheme can only obtain about 1.3% of the BS power saving gain, and the corresponding average UE UPT decreases from 238Mbps to 232.6Mbps. This is because as the load increases, the probability of the base station entering the sleep state decreases, and the frequent traffic arrivals also make the base station only able to maintain the sleep state for a shorter time.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK34]As the load increases, the average UE UPT decreases and the average packet transmit latency increases. However, we can observe that when the RU reaches 85%, the packet transmit latency at the 95% CDF point is 484.48ms, which is still much less than the typical delay bound of 8 seconds for FTP3 traffics with the packet size of 0.5Mbytes. Therefore, it can be assumed that this degree of increase in transmit latency has a very small impact on the UE experience performance.
[bookmark: _Ref102059978]Observation 1: For the case with 2 UEs per cell, the RU is about 7%, the power saving scheme can obtain about 35.6% of the BS power saving gain.
[bookmark: _Ref102059979]Observation 2: For the case with 20 UEs per cell, the RU is about 85%, the power saving scheme can only obtain about 1.3% of the BS power saving gain.
[bookmark: _Ref102059980]Observation 3: As the load increases, the average UE UPT and the corresponding BS power saving gain decreases both for the baseline and power saving schemes.
[bookmark: _Ref102059982]Observation 4: Although the base station power saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
4. Conclusion
In this contribution, we discuss the BS energy consumption model, evaluation methodologies and KPIs, and have the following observations and proposals:
Observation 1: For the case with 2 UEs per cell, the RU is about 7%, the power saving scheme can obtain about 35.6% of the BS power saving gain.
Observation 2: For the case with 20 UEs per cell, the RU is about 85%, the power saving scheme can only obtain about 1.3% of the BS power saving gain.
Observation 3: As the load increases, the average UE UPT and the corresponding BS power saving gain decreases both for the baseline and power saving schemes.
Observation 4: Although the base station power saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
Proposal 1: Confirm/determine values of Set 2 FR1 and Set 3 FR2 based on typical BS implementations.
Proposal 2: Adopt the framework with four sleep types and transition states shown in Table 1, at least including sleep types with second-level, millisecond-level and microsecond-level (~0 ms) transition time.
Proposal 3: Adopt separate unified DL and UL power states without distinction of channel types.
Proposal 4: The power consumption value for idle state should be made clear, i.e., it could be equivalent to micro sleep if it is zero transition time and energy; otherwise, it should be defined independently.
Proposal 5: Adopt the framework of BS power states shown in Table 2, at least including four sleep power states and two non-sleep states with DL-only and UL-only. 
Proposal 6: Adopt the following relative power value in following table for different power states for Set 1 FR1 TDD:
	Power State
	Characteristics
	Relative Power

	Quasi-off Sleep
	Represents the longest sleep mode where the BS retains its wake-up functionalities but almost all its components are deactivated
	X0

	Deep Sleep
	corresponds to a longer sleep mode in which more components of the analog front-end and digital baseband are disabled compared to Light Sleep.
	X1 = 1

	Light Sleep
	corresponds to a longer sleep mode in which more components of the analog front-end are disabled compared to Micro sleep.
	X2 =1.5

	Micro sleep
	represents the shortest sleep mode where the PA and some components of the digital baseband and the analog front-end are deactivated.
	X3 = 5.5

	DL only
	Transmission of PDCCH and/or PDSCH and/or SSB and/or CSI-RS (Full BW and Full Tx Power)
	X4 = 172

	UL only
	Reception of PUSCH and/or PUCCH and/or SRS and/or RACH
	X5 = 11.5


Proposal 7: The following options for handling of Rx for the base station in sleep mode should be discussed and determined.
· Option 1: Sleep mode is defined for Tx and Rx jointly, i.e. there is need to wake up the BS due to any Tx or Rx.
· Option 2: Sleep mode is defined for Tx only, i.e. there is no need to wake up the BS due to Rx.
· Option 3: Sleep mode is defined for Tx and Rx separately, i.e. there is need to wake up BS Tx sleep/Rx sleep due to Tx/Rx respectively.
Proposal 8: Allow transition between sleep mode and non-sleep mode only and adopt the followings,
· handling of wake up in different phases from a sleep mode:
· Waking request in deactivation phase: Continue deactivation until finished and then start activation immediately.
· Waking request in sleep phase: Start activation immediately after the request. 
· Waking request in activation phase: Continue activation until finished.
· handling of active mode to sleep mode:
· determine when to go to sleep state and which sleep state according to some configured signals/channels (e.g., SSB, SRS, …). Predictable traffic arrival is not considered in this evaluation. 
Proposal 9: Adopt scaling adaptation according to the actual symbol-occupancy in a slot, where Table 5 could serve as a starting point.
Proposal 10: Adopt scaling adaptation according to the occupied bandwidth or the number of used CCs compared to reference configuration, where Table 6 could serve as a starting point.
Proposal 11: Adopt scaling adaptation according to actual transmission power for DL transmission compared to reference configuration, where Table 7 could serve as a starting point.
Proposal 12: Adopt scaling adaptation according to the number of "ON" TxRUs compared to reference configuration, where Table 8 could serve as a starting point.
Proposal 13: Evaluation scenarios could reuse the simulation assumption setting in TR 38.802.
Proposal 14: The Heartbeat traffic model and additional assumptions in Table 10 could be considered for evaluating the RRC-idle state UEs performance if needed, where the transition time between the RRC-idle and RRC-connected states and RRC connection duration should be defined.
Proposal 15: The definition of load scenarios (e.g., low/medium load) should at least include 
· traffic density, 
· number of UEs per cell, 
· and/or resource utilization ratio.
Proposal 16: Non-uniform UE distribution should be considered in network energy saving evaluation and the following two approaches could be a starting point for evaluating the RRC-idle state UEs performance.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. 
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area.
Proposal 17: Algorithm for determination of sleep mode should be aligned/reported since it will impact the final evaluation of benefit for network energy saving schemes.
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Appendix A
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, the BS energy consumption model should at least include the power consumption of BS on slot-level.
· Note that symbol-level power consumption to reflect different BW (or RB utilization) / time-occupancy / tx-rx direction of different symbols in a slot is considered.
· FFS details (e.g. explicit symbol-level power modelling, scaling slot-level power to symbol level power for various cases, etc.)
· Note: system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption.

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

Agreement
For evaluation purpose, 
· Study how to define sleep modes and determine the characteristics for each mode from one or multiple of the below
· Relative power 
· Transition time
· Transition energy
· Other approaches are not precluded
· Note: BS components that can be turned off can be considered for discussion purpose when defining the specific values of the characteristics for sleep modes.
· Study whether sleep mode is defined for DL(TX) and UL(RX) jointly or separately
· Study the assumption of order for BS entering/resuming from a sleep mode to another mode (sleep or non-sleep) and the associated transition time and energy, i.e. state machine which may have impact on the transition energy.

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

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

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

Agreement
· 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.

R1-2205468	FL summary#3 for performance evaluation for NR NW energy savings	Moderator (Huawei)

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
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.

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

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

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





· number of DL and/or UL symbols occupied within a slot
· FFS other domain scaling
· FFS scaling is linearly or else, for each domain
Above does not necessarily imply that BS energy consumption model that takes into account all listed scaling factors will be developed

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

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

Agreement
· 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
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
As a starting point,
· macro cell BS for FR1 is assumed for energy consumption model.
· FFS: micro cell BS for FR2 is assumed for energy consumption model.

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

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

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





· SLS is considered as baseline evaluation method. Other method, including numerical analysis and LLS can also be considered. At least one of the methods should be selected and used for evaluation of a specific technique (selection and criteria is up to proponent).

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


Appendix B
[bookmark: _Ref1208685]Table I. Simulation assumption for FR1 Urban Macro scenario
	Parameter
	value

	Scenarios
	Urban Macro
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% Guard Band

	Subcarrier spacing
	30 kHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)
(dH, dV) = (0.5, 0.8) λ

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

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	55dBm, EIRP should not exceed 73 dBm

	UE max Power
	23 dBm, EIRP should not exceed 43 dBm

	BS height
	25m

	UE height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl~uniform (1, Nfl) where Nfl~uniform (4,8)

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Down-tilt
	6 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	UE distribution
	For evaluation of enhanced BS with TxRU muting:
20% outdoor (30km/h), 80% indoor (3km/h)
For evaluation of enhanced BS with UE WUS:
100% outdoor (60km/h)

	Traffic model
	FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)



Average UE UPT (Mbps) and BS power gain  
Baseline	
low load	low-medium load	medium load	medium-high load	high load	614.39479777849238	532.8163665283771	441.1556996678238	344.32297405392569	237.95144003603971	PS scheme	
low load	low-medium load	medium load	medium-high load	high load	497.67597129205444	441.88619897827459	383.17629438682349	314.42159050434918	232.60963614514822	PS gain	
low load	low-medium load	medium load	medium-high load	high load	0.35636463453272238	0.22985912516038223	0.13717662214011403	6.929308915517382E-2	1.3212321029264135E-2	
UPT (Mbps)

BS PS gain
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