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1. Introduction
The following SID objectives related to the network energy saving for NR were approved in RAN#94-e meeting [1]:
	The objectives of the study are the following:

1. Definition of a base station energy consumption model [RAN1]
· [bookmark: _GoBack]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.

2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how.

3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded

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

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

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

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

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

The study should coordinate with RAN4 as needed.



In this contribution, we discuss and provide views on the gNB power consumption model and KPI for network energy savings (NES).

2. Discussion
2.1 Framework for modelling gNB power consumption
gNB power model which supports the multiple sleep modes based on sub-component deactivation is proposed in [2]. The presented power model provides the power consumption values for sleep modes 1 to 4 for various types of gNB as well as the transition time between the sleep modes. gNB’s hardware remains active even when there is no loaded data (i.e., in an idle state), the partial deactivation of gNB would additionally reduce the power consumption. Therefore, as defined in UE power saving study in [3], it is possible to consider introducing multiple sleep modes for NES. In addition, the framework of the UE power consumption evaluation in [3] such as the decomposing power state for data transmission and RS transmission, the reference configuration, the scaling for adaptation, and the power consumption during the state transition can be reused.

Proposal #1: Introducing multiple sleep modes can be considered for gNB energy consumption model similar to the UE power saving model in TR 38.840, and the framework of the UE power consumption evaluation in TR 38.840 can be used as the starting point for that of gNB power consumption evaluation.

	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.


In RAN1#109-e meeting [9], there were discussions on whether to define the power consumption of gNB on slot-level or symbol-level and whether signal/channel-specific energy modeling is necessary. Since the slot-level power consumption of gNB was agreed as a baseline for the gNB energy consumption model, the energy consumption for the specific signal/channel can be obtained by scaling, that is according to the number of occupied symbols of the signal/channel within a slot. Therefore, it may not be necessary to define all channels/signals when defining slot-level power consumption. However, as the power state of SSB or CSI-RS and PDCCH+PDSCH was defined separately in the UE power saving model [3], at least the power consumption for control/data slot (such as PDCCH+PDSCH) and the reference signal slot (such as SSB or CSI-RS) may need to be defined separately.

Proposal #2: At least the slot-level power consumption for control/data slot (such as PDCCH+PDSCH) and the reference signal slot (such as SSB or CSI-RS) can be defined separately. 

2.2 Duplex mode and DL/UL modeling
	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


It was agreed to define the gNB power consumption for DL and UL are separately modelled for non-sleep mode and TDD. Regarding whether UL-only reception energy consumption model can be derived/simplified from DL-only transmission energy consumption model, it is necessary to consider that PA is a dominant factor for gNB power consumption in DL-only transmissions, but is not involved in UL-only reception. Therefore, energy consumption model for UL-only reception should be separately defined from that for DL-only transmission.

Proposal #3: Considering that the DL-only transmission requires PA’s power consumption while the UL-only reception does not, energy consumption model for UL-only reception should be separately defined from that for DL-only transmission.

Regarding the impact of UL reception and/or DL transmission on sleep mode and associated switching time/energy, we prefer to model the gNB power consumption only for DL-only transmission. This means that gNB does not need switching time/energy to wake up for UL reception for simplicity of modeling.

Proposal #4: For the sleep mode, the gNB power consumption can be modelled only for DL-only transmission, which means that the gNB does not need a transition time/energy to wake up for UL reception.

2.3 Power states and transition time
Based on the power model in [2], four sleep modes for gNB, the characteristics for each sleep mode, and relative power consumption are presented in Table 1. gNB is assumed as 4x4 macro base station which radiates 49 dBm transmit power with a bandwidth of 100 MHz. The relative power given in Table 1 is a value obtained by normalizing based on the power consumption value of Sleep mode 4 of Table V in [2]. As gNB enters a deeper sleep mode, the relative power decreases while latency (i.e., a large activation/deactivation time) increases.
Table 1. gNB power consumption model for FR1
	Power state
	Characteristics
	Relative power

	Sleep
	Sleep mode 1
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state.
	[14]

	
	Sleep mode 2
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[2]

	
	Sleep mode 3
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1.2]

	
	Sleep mode 4
	Time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1]

	Active
	RS transmission
	SSB or CSI-RS/TRS transmission.
	[120]

	
	PDCCH +
PDSCH
	PDCCH+PDSCH transmission.
	[300]

	IDLE
	There is no loaded data but gNB’s hardware remains active.
	[22]

	Note: gNB is assumed as 4x4 macro base station which radiates 49 dBm transmit power with a bandwidth of 100 MHz.



Proposal #5: The following gNB power consumption model in Table 1 can be considered for FR1.
Table 1. gNB power consumption model for FR1
	Power state
	Characteristics
	Relative power

	Sleep
	Sleep mode 1
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state. 
	[14]

	
	Sleep mode 2
	A sleep state with lower power consumption than Sleep mode 1 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[2]

	
	Sleep mode 3
	A sleep state with lower power consumption than Sleep mode 2 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1.2]

	
	Sleep mode 4
	A sleep state with lower power consumption than Sleep mode 3 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1]

	Active
	RS transmission
	SSB or CSI-RS/TRS transmission
	[120]

	
	PDCCH +
PDSCH
	PDCCH+PDSCH transmission
	[300]

	IDLE
	There is no loaded data but gNB’s hardware remains active.
	[22]

	Note: gNB is assumed as 4x4 macro base station which radiates 49 dBm transmit power with a bandwidth of 100 MHz.



Meanwhile, gNB power state machine and the additional assumption of [4] can be considered to implement the proposed power model to perform system-level simulation. The assumptions for each power state in [4] can be summarized as follows: Active mode and Sleep mode 1 can be considered as normal operation, so gNB is able to transmit and receive signals/channels without additional delay. Some of sub-components (e.g., power amplifier) of gNB can be deactivated during Sleep mode 1. Sleep modes 2 to 4 are the power saving modes with different power consumption and deactivation/activation times. In these modes, gNB doesn’t transmit or receive anything but reacts to incoming DL user traffic by waking up. In addition, it also periodically wakes up to transmit synchronization signals (SS) and to listen on random access channel (RACH). 
For each sleep mode, the transition time and additional transition energy are required during the state transition as shown in Table 2. Four sleep modes are defined in the model [2], corresponding to a total transition time (deactivation plus reactivation) of 71 μs (1 OFDM symbol for 15 kHz SCS), 1 ms (sub-frame), 10 ms (frame) and 1 s (long-term sleep). However, since the transition time to Sleep mode 1 is small enough to ignore, immediate transition can be assumed for power saving study purpose. In Table 2, it is assumed that the relative transition power is calculated as the arithmetic average of the relative power values of the source sleep mode and the target sleep mode.
Table 2. gNB power consumption during the state transition
	Sleep mode
	Transition time
	Relative transition power 
	Additional transition energy
(Relative power x ms)

	Sleep mode 1
	0 ms 
	18
	0

	Sleep mode 2
	1 ms
	8
	8

	Sleep mode 3
	10 ms
	1.6
	16

	Sleep mode 4
	1000 ms
	1.1
	1100



Proposal #6: In addition to the relative power for each sleep mode, the transition time and additional transition energy should be considered and Table 2 can be considered if four sleep modes are considered.
· FFS: Whether to reduce the number of sleep modes by 3
Table 2. gNB power consumption during the state transition
	Sleep mode
	Transition time
	Relative transition power 
	Additional transition energy
(Relative power x ms)

	Sleep mode 1
	0 ms 
	18
	0

	Sleep mode 2
	1 ms
	8
	8

	Sleep mode 3
	10 ms
	1.6
	16

	Sleep mode 4
	1000 ms
	1.1
	1100



2.4 Scaling
	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



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


In the above gNB power consumption model, the relative power consumption of each operation is based on the reference configuration and reference base station type. The relative power consumption value for the different configurations such as resource utilization, number of carriers, and number of antennas can be obtained by scaling on the values of the reference configuration. 
Table 3 shows the antenna scaling formula of UE power consumption scaling for adaptation in TR 38.840 [3], and it is necessary to discuss whether these antenna scaling formulas can be reused for gNB’s antenna. It can be reused if the PA (power amplifier) structure of gNB is implemented per TX RU but otherwise, the different formula may be required depending on the implemented PA structure of gNB. 
[bookmark: _Ref528491787]Table 3: UE power consumption scaling for adaptation
	Scaling for FR1
	Proposal
	Comment

	Antenna scaling (DL)
	2Rx power is 0.7x 4Rx power for FR1
1Rx power is 0.7x 2Rx power for FR2
	
Assume same number of antenna elements per Rx chain

	Antenna scaling (UL)
	2Tx power is 1.4x 1Tx power at 0dBm. 1.2x.at 23dBm FR1 only
	
2Tx support is not considered for FR2.



Proposal #7: Discuss whether the formula for linear scaling with the number of TX RUs can be applied to gNB power consumption model, by clarifying how gNB implementation for power amplifier can be assumed for evaluation purpose.



2.5 KPI
In RAN#95-e meeting, the LS on energy efficiency (EE) was sent from SA to RAN [5]. It requested the recipients including RAN to consider EE as a guiding principle when developing new solutions and evolving the 3GPP systems specification. With this regard, EE should be also included as one of KPIs in evaluation methodology for NES.

Proposal #8: Energy efficiency should be included as one of KPIs in evaluation methodology for network energy savings.

The definition of EE from TR 38.913 Clause 7.19 [8] is as follows:

· where  refers to the weights of every deployment scenario where the network energy efficiency is evaluated and,
· 
· where V1= Refers to the traffic per second served by a base station (in bits/s),
·  = Refers to the power consumed by a base station to serve V1 (in Watt = Joule/s), and
·  = Refers to the weight for each traffic load level.
According to the above equation captured from TR 38.913 [8], the absolute power value is required to calculate EE. However, according to the objective in [1] or the UE power saving model in [3], the relative power can be used to define gNB power consumption model. Therefore, the definition of EE may need to be modified so that it can also be calculated based on a relative power value. A simple solution could be to replace the absolute power in EE formula with the relative power (i.e., new EE = ratio of throughput to reference power consumed by gNB). Given the relationship between absolute power and relative power, the original EE value calculated by the absolute power can be derived from the new EE value calculated by the relative power. Therefore, the EE value calculated by relative power can also be considered as a valuable KPI for evaluation methodology. 

Proposal #9: New energy efficiency is defined as the ratio of throughput to reference power consumed by gNB, and the new energy efficiency is considered as one of KPIs for study on network energy savings.

In addition, we need to consider the trade-off relationship between the performance gain of gNB and the performance loss of UE. To be specific, gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenario without NES techniques) can be reported at the same time. Moreover, a lower bound for UE’s performance loss can be defined to guarantee that UE’s performance cannot be degraded under the lower bound.

Proposal #10: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.

3. Conclusions
In this contribution, the definition of gNB power consumption model and KPI to study on network energy saving for NR was discussed, and the followings are proposed.
Proposal #1: Introducing multiple sleep modes can be considered for gNB energy consumption model similar to the UE power saving model in TR 38.840, and the framework of the UE power consumption evaluation in TR 38.840 can be used as the starting point for that of gNB power consumption evaluation.
Proposal #2: At least the slot-level power consumption for control/data slot (such as PDCCH+PDSCH) and the reference signal slot (such as SSB or CSI-RS) can be defined separately. 
Proposal #3: Considering that the DL-only transmission requires PA’s power consumption while the UL-only reception does not, energy consumption model for UL-only reception should be separately defined from that for DL-only transmission.
Proposal #4: For the sleep mode, the gNB power consumption can be modelled only for DL-only transmission, which means that the gNB does not need a transition time/energy to wake up for UL reception.
Proposal #5: The following gNB power consumption model in Table 1 can be considered for FR1.
Table 1. gNB power consumption model for FR1
	Power state
	Characteristics
	Relative power

	Sleep
	Sleep mode 1
	Immediate transition is assumed for power saving study purpose from or to a non-sleep state. 
	[14]

	
	Sleep mode 2
	A sleep state with lower power consumption than Sleep mode 1 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[2]

	
	Sleep mode 3
	A sleep state with lower power consumption than Sleep mode 2 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1.2]

	
	Sleep mode 4
	A sleep state with lower power consumption than Sleep mode 3 and time interval for the sleep should be larger than the total transition time entering and leaving this state. Accurate timing may not be maintained.
	[1]

	Active
	RS transmission
	SSB or CSI-RS/TRS transmission
	[120]

	
	PDCCH +
PDSCH
	PDCCH+PDSCH transmission
	[300]

	IDLE
	There is no loaded data but gNB’s hardware remains active.
	[22]

	Note: gNB is assumed as 4x4 macro base station which radiates 49 dBm transmit power with a bandwidth of 100 MHz.


Proposal #6: In addition to the relative power for each sleep mode, the transition time and additional transition energy should be considered and Table 2 can be considered if four sleep modes are considered.
· FFS: Whether to reduce the number of sleep modes by 3
Table 2. gNB power consumption during the state transition
	Sleep mode
	Transition time
	Relative transition power 
	Additional transition energy
(Relative power x ms)

	Sleep mode 1
	0 ms 
	18
	0

	Sleep mode 2
	1 ms
	8
	8

	Sleep mode 3
	10 ms
	1.6
	16

	Sleep mode 4
	1000 ms
	1.1
	1100


Proposal #7: Discuss whether the formula for linear scaling with the number of TX RUs can be applied to gNB power consumption model, by clarifying how gNB implementation for power amplifier can be assumed for evaluation purpose.
Proposal #8: Energy efficiency should be included as one of KPIs in evaluation methodology for network energy savings.
Proposal #9: New energy efficiency is defined as the ratio of throughput to reference power consumed by gNB, and the new energy efficiency is considered as one of KPIs for study on network energy savings.
Proposal #10: Considering the trade-off between the performance gain of gNB and the performance loss of UE, both of gNB’s performance gain and UE’s performance loss compared to the reference scenario (i.e. scenarios without network energy saving techniques) can be reported.
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