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1. Introduction
At RAN#94e meeting, SID on network energy savings was approved with the objective as follows [1]:
	1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.

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



In this contribution, we share our views on the base station energy consumption model, evaluation methodology, and KPIs.

2. Discussion
2.1. Base station energy consumption model
Generally, base station energy consumption model can be constructed based on the UE power consumption model defined in [2]. Similarly, we propose to define reference configuration, scaling values, power states, and transition power for base station energy consumption model.

2.1.1 Reference configuration
Base station power consumption characteristics highly depend on implementation of hardware. For base station power consumption study, a reference model needs to be defined to represent the base station power consumption in key settings. Reference configurations should be separately defined for FR1 and FR2 considering different equipment such as PA and RF unit.
For FR1, the following parameters in Table 1 can be considered as a starting point.

Table 1 Reference configuration for FR1
	Downlink

	Parameter
	Value

	Duplex
	TDD

	SCS
	30 kHz

	Number of CCs
	1 CC

	System bandwidth
	100 MHz

	SSB SCS
	30 kHz

	SSB periodicity
	20 ms

	SSB mapping type
	C (2 SSBs in a slot)

	K0
	0

	PDCCH symbol location
	2 symbols at beginning of a slot

	PDSCH modulation
	256 QAM

	Tx chains for PDSCH
	4

	RBs for TRS
	52

	Uplink

	Parameter
	Value

	Duplex
	TDD

	SCS
	30 kHz

	Number of CCs
	1

	System bandwidth
	100 MHz

	Rx chains
	1



For FR2, the following parameters in Table 2 can be considered as a starting point.

Table 2 Reference configuration for FR2
	Downlink

	Parameter
	Value

	Duplex
	TDD

	SCS
	120 kHz

	Number of CCs
	1 CC

	System bandwidth
	100 MHz

	SSB SCS
	240 kHz

	SSB periodicity
	20 ms

	SSB mapping type
	E (2 SSBs in a slot)

	K0
	0

	PDCCH symbol location
	2 symbols at beginning of a slot

	PDSCH modulation
	64 QAM

	Tx chains for PDSCH
	2

	RBs for TRS
	52

	Uplink

	Parameter
	Value

	Duplex
	TDD

	SCS
	120 kHz

	Number of CCs
	1

	System bandwidth
	100 MHz

	Rx chains
	1




Proposal 1:
· Reference configurations for FR1 and FR2 can be considered
· Table 1 and Table 2 can be starting points for FR1 and FR2, respectively.

2.1.2 Scaling for different configurations
There are many configuration parameters that affect base station power consumption. For example, bandwidth defines the sample rate, which determines power consumption. MIMO configuration and carrier aggregation level determine the number of receive and transmit paths that needs to be activated. The resource block allocation and the time domain duration of transmit and receive activity determine the volume of sample data that needs to be processed by the base band. For UL transmission, if longer PUCCH is assumed for the reference configuration similar to the UE power consumption model, scaling for short PUCCH needs to be defined. DL transmission power needs to be considered for different DL transmission power levels. 
However, power consumption due to different values of such parameters does not change linearly. Therefore, we propose to discuss to define scaling values for the following parameters:
· DL BWP bandwidth
· UL BWP bandwidth
· DL CA
· UL CA
· Antenna scaling for DL
· Antenna scaling for UL
· Short PUCCH
· DL transmit power

Proposal 2:
· Define scaling values for the following parameters:
· DL BWP bandwidth
· UL BWP bandwidth
· DL CA
· UL CA
· Antenna scaling for DL
· Antenna scaling for UL
· Short PUCCH
· DL transmit power

2.1.3 Power states
Base station has various internal component blocks in the hardware and those could be separately turned on/off/suspended for power saving. Different power states including several sleep states can be considered for base station power consumption model considering such aspects. As an example, we propose the following power states similar to the UE power consumption model. gNB switches from/to each power state as in Fig.1.

Table 3 Power states for network energy power consumption model
	Power states
	Characteristics

	Deep sleep
	Sleep state with no synchronization is maintained and no UL reception/DL transmission is maintained

	Light sleep
	Sleep state with synchronization is maintained. No UL reception/DL transmission is maintained

	Micro sleep
	RF is temporarily suspended by dynamic TX and/or RX ON/OFF. gNB can immediately transit to active mode and start to transmit/receive signal.

	PDCCH only
	gNB transmits only PDCCH in the slot

	PDCCH+PDSCH
	gNB transmit PDCCH and PDSCH. ACK/NACK will also be transmitted in the next available timing as UL sate

	UL
	gNB receives PUCCH and/or PUSCH in the slot

	SSB or CSI-RS
	gNB transmits SSB for time-frequency synchronization and RSRP measurement or TRS for synchronization
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Fig. 1 Transition diagram for power states

Proposal 3:
· Define the power sates for the base station energy power consumption model as in Table 3.

2.1.4 Transition power
Transition time between a sleep sate and a non-sleep state, and power consumption during the transition should be considered for the base station power consumption model. Fig.2 illustrate the power transition between power states. Note that transition time and power consumption during the transition can be different for different sleep states because component blocks to be activated/deactivated are different for different sleep states, which leads to different switching time.
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Fig.2 Example of transition power

Proposal 4:
· Define transition time and power consumption during the transition for each sleep state.
· Different values for the transition time and power consumption are expected for different sleep state.

2.2. Evaluation methodology and KPIs
In this section, we discuss the evaluation methodology and KPIs for network energy saving evaluation. It is a common sense that we should reuse the evaluation methodology and parameters for UE power saving study, i.e., TR 38.840 [2], as much as possible. Based on this, we highlight the updated points on evaluation parameters and KPIs those are different with 38.840.  

2.2.1 Scenario and parameters 
In section 8.2 of TR 38.840, Dense Urban with single layer is prioritized as the deployment as it contains UEs with variety of SINR condition. The system level simulation of TR 38.840 reuses the simulation assumption specified in Table A2.1-1 of TR 38.802 [3] as basis. According to Table A2.1-1 in TR 38.802, the single layer of Dense Urban means the Macro layer of Dense Urban scenario, in which the Macro Hexagonal Grid with inter-BS distance of 200m is assumed. In the realistic environment, 5G base stations are always deployed to serve the traffic in hotspots within Macro coverage. The UEs served by the 5G base station in the hotspot enjoy higher SINR condition than that served by Macro. For these high SINR UEs, we have the potential to introduce network energy saving techniques, such as port adaptation, to further reduce the gNB power consumption and ensure no or low throughput loss at the same time. In this sense, we propose to introduce an additional scenario of Dense urban with micro layer for network energy saving evaluation. In this scenario, micros are randomly dropped within the macro coverage and UEs are randomly and uniformly dropped in the cluster around the micros.      
Proposal 5: 
· Scenario of Dense Urban with micro layer should be introduced to observe the effectiveness of gNB power saving techniques for UEs with good QoS level in addition to Dense Urban with macro layer scenario in TR 38.840. 
· In scenario of Dense Urban with micro layer, micros are randomly dropped within the macro coverage and UEs are randomly dropped in the cluster around the micros.      

The traffic characteristic would impact the effectiveness of power saving techniques. In 38.840, it provides traffic models such as FTP, Instant Message and VoIP for evaluation. For network energy saving evaluation, we could reuse these traffic models. Furthermore, the load of the traffic may impact the gNB power consumption. So, we suggest to define levels of gNB traffic load to observe power saving effect in different load levels. For example, we could define low/mid/high levels with corresponding resource utilization ratio of 10%/30%/50%, respectively.          
Proposal 6: 
· It is suggested to define low/mid/high levels of gNB traffic load with corresponding resource utilization ratio of 10%/30%/50% to observe power saving effect in different load levels.

2.2.2 KPIs
In the study of UE power consumption, the only KPI is the power value averaged over the operation within a slot. For the network energy saving study, we should consider both the system performance loss and power consumption gain. For the system performance, the KPIs of UE throughput and packet latency should be considered. Considering the time domain related enhancement techniques, such as longer periodicity of SSB, the initial access latency should be provided. Furthermore, the changing on number of port or periodicity of SSB may have impact on the results of RRM measurement. Once such enhancement techniques are evaluated, it is better that the performance of mobility such as handover success/failure rate could be provided as well. 
For the power consumption performance, the power consumption reduction ratio of the proposed power saving techniques compared with that of baseline scheme should be provided. Meanwhile, the power consumption could count the power consumed by only gNB or by both gNB and UE. 
The energy efficiency metric could be introduced to jointly consider the system performance and power consumption performance. The energy efficiency is defined as the ratio of number of transmitted bits averaged over the operation within a slot to power consumed averaged over the operation within a slot. 
When we compare two network energy saving techniques, using any one of the metrics of system performance, power consumption performance and energy efficiency performance for comparison is not sufficient. For example, if the energy efficiency of two schemes is the same, while one scheme achieves higher throughput performance but higher power consumption, the other achieves lower throughput performance but lower power consumption, we would like to prefer the one with higher throughput performance. So it is suggested to provide not only the energy efficiency results but also the throughput and power consumption performance at the same time.     
Proposal 7: 
· The metric of energy efficiency could be introduced. It is defined as the ratio of average number of transmitted bits per slot to average power consumed per slot.
· It is suggested to provide not only the energy efficiency results but also the throughput and power consumption performance at the same time for overall comparison.     
· It is suggested to provide the performance of initial access latency and handover success/failure ratio when enhancement techniques on SSB, e.g., longer periodicity of SSB, is applied. 
 
3. Conclusion
In this contribution, we proposed followings for the base station energy consumption model, evaluation methodology, and KPIs.
Proposal 1:
· Reference configurations for FR1 and FR2 can be considered
· The following tables can be starting points for FR1 and FR2.
· Reference configuration for FR1
	Downlink

	Parameter
	Value

	Duplex
	TDD

	SCS
	30 kHz

	Number of CCs
	1 CC

	System bandwidth
	100 MHz

	SSB SCS
	30 kHz

	SSB periodicity
	20 ms

	SSB mapping type
	C (2 SSBs in a slot)

	K0
	0

	PDCCH symbol location
	2 symbols at beginning of a slot

	PDSCH modulation
	256 QAM

	Tx chains for PDSCH
	4

	RBs for TRS
	52

	Uplink

	Parameter
	Value

	Duplex
	TDD

	SCS
	30 kHz

	Number of CCs
	1

	System bandwidth
	100 MHz

	Rx chains
	1


· Reference configuration for FR2
	Downlink

	Parameter
	Value

	Duplex
	TDD

	SCS
	120 kHz

	Number of CCs
	1 CC

	System bandwidth
	100 MHz

	SSB SCS
	240 kHz

	SSB periodicity
	20 ms

	SSB mapping type
	E (2 SSBs in a slot)

	K0
	0

	PDCCH symbol location
	2 symbols at beginning of a slot

	PDSCH modulation
	64 QAM

	Tx chains for PDSCH
	2

	RBs for TRS
	52

	Uplink

	Parameter
	Value

	Duplex
	TDD

	SCS
	120 kHz

	Number of CCs
	1

	System bandwidth
	100 MHz

	Rx chains
	1


Proposal 2:
· Define scaling values for the following parameters:
· DL BWP bandwidth
· UL BWP bandwidth
· DL CA
· UL CA
· Antenna scaling for DL
· Antenna scaling for UL
· Short PUCCH
· DL transmit power
Proposal 3:
· Define following power sates for the base station energy power consumption model:
	Power states
	Characteristics

	Deep sleep
	Sleep state with no synchronization is maintained and no UL reception/DL transmission is maintained

	Light sleep
	Sleep state with synchronization is maintained. No UL reception/DL transmission is maintained

	Micro sleep
	RF is temporarily suspended by dynamic TX and/or RX ON/OFF. gNB can immediately transit to active mode and start to transmit/receive signal.

	PDCCH only
	gNB transmits only PDCCH in the slot

	PDCCH+PDSCH
	gNB transmit PDCCH and PDSCH. ACK/NACK will also be transmitted in the next available timing as UL sate

	UL
	gNB receives PUCCH and/or PUSCH in the slot

	SSB or CSI-RS
	gNB transmits SSB for time-frequency synchronization and RSRP measurement or TRS for synchronization


Proposal 4:
· Define transition time and power consumption during the transition for each sleep state.
· Different values for the transition time and power consumption are expected for different sleep state.
Proposal 5: 
· Scenario of Dense Urban with micro layer should be introduced to observe the effectiveness of gNB power saving techniques for UEs with good QoS level in addition to Dense Urban with macro layer scenario in TR 38.840.. 
· In scenario of Dense Urban with micro layer, micros are randomly dropped within the macro coverage and UEs are randomly dropped in the cluster around the micros.      
Proposal 6: 
· It is suggested to define low/mid/high levels of gNB traffic load with corresponding resource utilization ratio of 10%/30%/50% to observe power saving effect in different load levels.
Proposal 7: 
· The metric of energy efficiency could be introduced. It is defined as the ratio of average number of transmitted bits per slot to average power consumed per slot.
· It is suggested to provide not only the energy efficiency results but also the throughput and power consumption performance at the same time for overall comparison.     
· It is suggested to provide the performance of initial access latency and handover success/failure ratio when enhancement techniques on SSB, e.g., longer periodicity of SSB, is applied. 
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