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Introduction
Practical network energy savings will make 5G commercialization widely prosperous which is also significantly beneficial for UE vendors. In [1], one objective of network energy saving is to define BS energy model and KPI.
	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.


This contribution provides our view on BS energy model and KPI for network energy savings.

Evaluation methodology
Base station energy consumption model
Relative or absolute values
For simplicity, the BS energy model can be constructed by the relative values, e.g. in power unit per time unit. In this way, the power model of UE power saving can be a reference of model construction. The relative values can be based on the absolute values, e.g. in Watt.
Proposal 1: The base station energy consumption model can be constructed by the relative values.
FR1 and FR2
In our view, the coverage for FR2 is too limited, and FR2 BS is usually used for capacity boosting with penalty of large energy consumption, e.g. large number of antenna elements, large number of beams and more control signalling to support beam management. Therefore, we think the energy consumption for small cell for FR2 should be down-priority.
Proposal 2: The energy consumption for small cell for FR2 should be down-priority.
Time domain granularity
For simplification, the time domain granularity (i.e. time unit) can be the same as that of UE power model, i.e. slot.
Proposal 3: The time domain granularity can be per slot.
Reference configuration for FR1
The reference configuration of system for FR1 can largely reuse that of UE power model, e.g.
· Downlink: TDD (FDD can be also assumed)
· SCS: 30kHz (15kHz can be also assumed)
· Number of carrier: 1 CC
· System bandwidth : 100MHz
· PDCCH: PDCCH region of 2 symbol at beginning of a slot, k0 = 0, maximum number of CCEs = 32, 20 PDCCH blind decoding
· PDSCH: PDSCH of max data rate with Modulation: 64QAM, MIMO configuration: 2x2, Number of RBs for TRS = TBD
· SSB: FFS
· TX antenna configuration: different configuration for different BS type
· Power level: different level for different BS type
· Uplink: TDD  (FDD can be also assumed)
· SCS: 30kHz (15kHz can be also assumed)
· Number of carrier: 1 CC
· System bandwidth : 100MHz
· PUCCH: A typical case
· PUSCH: A typical case
· PRACH: FFS
Sleep states, non-sleep states and scaling
Multiple sleep states can be defined similar to UE power saving, e.g. deep sleep, light sleep, micro sleep. 
For non-sleep state, a partial loading and a full loading can be defined according to [2]. It was explicitly mentioned in SID that idle/empty and low/medium load should be prioritized, so the partial loading (including low loading) should be modeled.
	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.


In addition to the loading, the scaling for antenna port and power amplifier can be defined.
On the other hand, it was stated in SID that the BS energy consumption includes two parts: a static part and a dynamic part.
	The power consumption of a radio access can be split into two parts: the dynamic part which is only consumed when data transmission/reception is ongoing, and the static part which is consumed all the time to maintain the necessary operation of the radio access devices, even when the data transmission/reception is not on-going.


Some companies preferred to reduce the energy of the static part. We think the static part can be regarded as the common signal/channel, e.g. SSB/SIB, in non-sleep states, and a part of energy in light sleep state and micro sleep state.
According to above discussion, we show our preference on BS energy model and compare it with UE power model.
Table 1: Our preference on BS energy model and comparison with UE power model
	
	BS energy model
	UE power model

	Deep sleep
	All RF/BB are switched off for long term. Large transition time/energy. Suitable for 200~1000ms level sleeping.
	All RF/BB are switched off for long term

	Light sleep
	Almost all RF/BB are switched off for short term. Medium transition time/energy. Suitable for 20~100ms level sleeping.
	Almost all RF/BB are switched off for short term

	Micro sleep
	RF/BB are switched on, but no signal/channel is processed. Small transition time/energy. Suitable for 1~10ms level sleeping.
	RF/BB are switched on, but no signal/channel is processed

	Partial loading
	10%~50% loading;
6/24 of full energy for 10% loading, 10/24 of full energy for 30% loading, and 18/24 of full energy for 50% loading, according to Appendix A.1. 
Note: Here, only common signal/channel is considered as 10% loading. In some modelling, only common signal/channel is considered as empty loading. The empty loading (i.e. 0% loading) can be regarded as the micro sleep.
	SSB/CSI-RS, PDCCH-only, bandwidth scaling

	Full loading
	50%~100% loading;
Full energy.
	PDCCH + PDSCH, UL

	Scaling for antenna port and power amplifier
	a * p * E_load, where E_load is the energy consumption for partial loading or full loading, a is the scaling factor of the number of antenna ports, and p is the scaling factor of the power amplifier, and a and p belong to [0, 1].
	Antenna scaling

	TX or RX
	TX should be focused. RX can further be scaled down (FFS) based on TX.
	TX (UL) may have higher power consumption, but RX (DL) is focused


Different BS types
In the suburban and rural area, macro cells or micro cells are used. In urban and dense urban area, macro cells, micro cells and small cells can be used. BS for macro cell, micro cell and small cell can be defined as three typical BS types.
The different BS types have different transmit power levels and antenna configurations. It is general view that RF and antennas take the large portion of energy consumption. Therefore, different BW types should have different energy consumption.
Proposal 4: Different BS types have different energy consumption, e.g. macro, micro and small cell BS.
Example of BS energy model
As summary, we show an example of the basic energy consumption for different BS types in the following table. Here, small cell is assumed as the low-power small cell, e.g. indoor small cell. Comparison among small cell BS, micro cell BS and macro cell BS is shown in the following table.
Table 2: Comparison among small cell BS, micro cell BS and macro cell BS
	
	Small cell in FR1
	Micro cell
	Macro cell

	Operation band
	~5GHz
	~2GHz, 3GHz
	~1 GHz

	Architecture
	Omni-direction antennas, and collocated RF and BB
	AAU/BBU
	AAU/BBU (or RRU/BBU)

	Antenna ports
	2 Tx, 2 Rx
	Up to 32 TRX
	Up to 8 TRX

	Beamforming
	Digital based precoding
	Hybrid beamforming
	Hybrid beamforming (or digital based precoding)

	SSB beam(s)
	1 SSB beam
	Up to 8 SSB beams
	Up to 4 SSB beams

	Transmission power
	23 dBm
	43 dBm
	43 dBm

	PA efficiency
	Low
	High
	High

	Energy consumption comparison
	1x
	10x
	15x


Based on above table, we have the initial ideas on the basic energy consumption for different BS types.
· Because we assume small cell is the low-power small cell, e.g. indoor small cell, we assume the energy consumption for small cell BS reuses that of UE power model. 
· Based on small cell BS, we assume the energy consumption for micro cell BS is 10 times of that of small cell BS. It may be argued that micro cell BS has much larger transmission power than small cell BS, but we assume micro cell BS is more advanced in optimization of energy efficiency than small cell BS, e.g. PA efficiency.
· We assume the energy consumption for macro cell BS is about 1.5 times of that of micro cell BS. Here we assume macro cell is deployed in ~1GHz band to achieve the wide area coverage, e.g. 5km radius. In this lower band, macro cell BS can use the wide beam, which only needs the simple RF/antenna architecture and is energy efficient in our view.
The basic energy consumption for different BS types is shown in the following table.
Table 3: The basic energy consumption for different BS types
	
	Full loading
	Partial loading
	Micro sleep
	Light sleep
	Deep sleep
	Note

	Macro cell
	4500
	1125 for 10% loading, 1875 for 30% loading, and 3375 for 50% loading
	700
	300
	15
	Coverage, mobility

	Micro cell
	3000
	750 for 10% loading, 1250 for 30% loading, and 2250 for 50% loading
	450
	200
	10
	Capacity boosting

	Small cell
	300
	75 for 10% loading, 125 for 30% loading, and 225 for 50% loading
	45
	20
	1
	Supplementary, FR1


Transition time/energy of sleep states for different BS types are shown in the following table. The transition time/energy of sleep states for small cell BS reuses that of UE power model. The transmission energy for micro cell BS or macro cell BS is scaled up based on of that of small cell BS. The transmission time for micro cell BS or macro cell BS is the same as that of small cell BS, with assumption that micro cell BS and macro cell BS has the advanced hardware to achieve the efficient on/off.
Table 4: Transition time/energy of sleep states
	
	Transition time for Micro sleep
	Transition energy for Micro sleep
	Transition time for Light sleep
	Transition energy for Light sleep
	Transition time for Deep sleep
	Transition energy for Deep sleep

	Macro cell
	0 ms
	0
	6 ms
	600
	20 ms
	1200

	Micro cell
	0 ms
	0
	6 ms
	400
	20 ms
	800

	Small cell
	0 ms
	0
	6 ms
	100
	20 ms
	450



KPI
Energy consumption
The energy consumption is useful to justify the energy saving gain intuitively in a certain relatively fixed scenario. The corresponding energy saving gain can be used. It can provide the first-order results of our evaluations.
Proposal 5: The KPI should include the energy consumption and the corresponding energy saving gain.
Energy efficiency
Ratio of data volume to energy consumption
In TR [3], the energy efficiency is defined as the ratio between the data volume and the energy consumption according to ETSI ES 203 228 ("Environmental Engineering (EE); Assessment of mobile network energy efficiency"). The energy efficiency is denoted as
,
in which Mobile Network data Energy Efficiency (EEMN,DV) is the ratio between the performance indicator (i.e. Data Volume DVMN) and the energy consumption (ECMN).
Ratio of data rate or coverage area or #UEs to power consumption
In paper [4], the energy efficiency can be defined the ratio of the data rate (in Gbps) or the coverage area (in km2) or the number of UEs to the power consumption (in Watt).
Considering different scenarios and coverage areas
In [5], the more detailed definition of the energy efficiency is provided (shown in Appendix A.1).
The energy efficiency considering different scenarios in terms of capacity (total data rate) is defined as follows.




The scenarios to be modeled can be rural, suburban, urban and dense urban. For simplification, it can be related to the BS type, e.g. macro cell BS can be used in rural and suburban scenarios, and micro cell/small cell BS can be used in urban and dense urban scenarios.
The energy efficiency considering both different capacity and the corresponding coverage areas is also defined as follows.


In the real cellular deployment, different capacity and different coverage areas are present. Thus, the energy efficiency considering different capacity and different coverage areas is more meaningful to reflect the overall cost of operators.
Observation 1: The energy efficiency considering different capacity and different coverage areas is more meaningful than the energy consumption.
Simplification
However, for simplification, we may not directly evaluate the energy efficiency using above equations. We can just evaluate the energy consumption for different energy saving techniques in a given scenario (here means both capacity and coverage), and keep the scenario having the constant capacity and coverage. In other words, we can compare the techniques for the given scenario instead of the sum of the different scenarios.
Observation 2: The energy efficiency can be evaluated by means of the evaluation of the energy consumption for a given scenario (with fixed capacity and coverage).
Proposal 6: The energy efficiency is more important than the energy consumption, but the KPI may not explicitly include the energy efficiency. The evaluation results of the energy consumption for a given scenario (with fixed capacity and coverage) can represent the means of the energy efficiency.

UE power consumption
It is common understanding that transmission is dominant for BS energy consumption. When we discuss the transmission at BS, we needs to check the reception at UE in our evaluations, and fortunately, the UE power consumption model for reception has been well defined.
Proposal 7: UE power consumption should be checked in evaluations with the UE power model defined in R16/R17.

[bookmark: _Ref494215420][bookmark: _Ref502921678][bookmark: _Ref502921460]Conclusion
As the conclusion, we have the following observations.
Observation 1: The energy efficiency considering different capacity and different coverage areas is more meaningful than the energy consumption.
Observation 2: The energy efficiency can be evaluated by means of the evaluation of the energy consumption for a given scenario (with fixed capacity and coverage).
We have the following proposals.
Energy consumption model
Proposal 1: The base station energy consumption model can be constructed by the relative values.
Proposal 2: The energy consumption for small cell for FR2 should be down-priority.
Proposal 3: The time domain granularity can be per slot.
Proposal 4: Different BS types have different energy consumption, e.g. macro, micro and small cell BS.
KPI
Proposal 5: The KPI should include the energy consumption and the corresponding energy saving gain.
Proposal 6: The energy efficiency is more important than the energy consumption, but the KPI may not explicitly include the energy efficiency. The evaluation results of the energy consumption for a given scenario (with fixed capacity and coverage) can represent the means of the energy efficiency.
Proposal 7: UE power consumption should be checked in evaluations with the UE power model defined in R16/R17.

Reference 
[1] RP-213554, “New SI: Study on network energy savings for NR”, RAN#94e, Huawei, Dec.  6th - 17th, 2021.
[2] B. Debaillie, et. al., “A Flexible and Future-Proof Power Model for Cellular Base Stations,” IEEE VTC Spring, Glasgow, Scotland, UK, 2015.
[3] TR 37.816 v16.0.0, “Study on RAN-centric data collection and utilization for LTE and NR (Release 16)”, July 2019.
[4] [bookmark: _Ref462834684]Ziaul Hasan, et. al., “Green Cellular Networks: A Survey, Some Research Issues and Challenges,” IEEE Communications Surveys & Tutorials, Vol. 13, No. 4, 2011.
[5] TR 21.866 v15.0.0, “Study on Energy Efficiency Aspects of 3GPP Standards (Release 15)”, June 2017.

Appendix
A.1 Definition of energy efficiency in TR 21.866 
The energy efficiency per each deployment scenario i with a load level of  l is defined as:

[bookmark: _MON_1527928970]	
Where:
	EEscenario is calculated per deployment scenario: the sum of traffic load points over the Energy Consumption weighted by ai in consideration of the traffic load per each scenario. The traffic load measurement points with their corresponding weight for each traffic load point depend on the location of the system-wide EE control and measurement and network configurations.
	As an example, the traffic load measurement can be performed over the reference point between the based station and the core network such as S1 per those areas covered by each of MME and the corresponding SGW(s) in LTE/EPC and SGi between the core network and the external public data network for the total amount of traffic load supported by the EPC.
	Vl (in Mbps): the aggregated throughput served in the simulated or measured area for traffic level l, or equivalently served traffic volume divided by the simulation or measurement period. E.g. per each targeted area or deployment scenario at a load level l = x%, Vl is calculated as the peak target traffic throughput multiplied by x%. For example, the Vl with load level of 10% is calculated to be total network or node capacity multiplied by 0.1
	ECl (in Watt): sum of the average power consumption of all nodes in the simulated or the measurement area under the load level l: the weight for load level l; For example, for RAN Equipment Energy Efficiency testing (ETSI ES 202 706 [2]) three load levels can be taken into account: 10%, 30% and 50%, the weight can be calculated, based on a daily traffic model, as:
-	= 6/24 for 10% Load;
-	= 10/24 for 30% Load;
-	= 8/24 for 50% Load.	Comment by Spreadtrum: 18/24? Typo in the TR?
The total energy efficiency for the whole system including all the targeted scenarios is defined as:

[bookmark: _MON_1527936879]	

Where:
	EEglobal is calculated as the sum of the EEscenario per each deployment scenario multiplied by the corresponding weight, bi, for each deployment scenario.
	bi	is determined by summing the "rural/suburban" weights for the coverage-limited scenario and the "urban/dense urban" weights for the capacity-limited scenario.
To complement the definition and measurement EE KPI per specific throughput during the measurement interval, it is also useful to consider the size of the area covered by a network and the corresponding energy efficiency (ETSI ES 202 706 [2]):

[bookmark: _MON_1527937099]Where:	

	coverage area in m² (ETSI ES 203 228 [3] or Sq.km (ETSI ES 202 706 [2])) is the size of the area covered by the network in deployment scenario i.
	ECi in Watt (ETSI ES 202 706 [2] ) or J/Y (ETSI ES 203 228 [3]) is the sum of the average power consumption of all nodes in the simulated or the measurement area under the scenario i.
	Ci	is the weight to be applied to each of the measured energy efficiency per each of the network deployment scenario by taking into account of the size of coverage per the deployment scenario, and the relevance of the deployment scenario to the total power consumption of a network, e.g. the percentage of total power consumptions in dense urban versus rural area.

A.2 The energy efficiency for different BS types
The energy efficiency considering coverage is simply calculated in the following table.
Table x: The energy efficiency for different BS types
	
	Full loading
	Coverage (km2)
	coverage areai/ECi, full loading

	Macro cell
	4500
	5km radius, 25*pi*km2 area
	25*pi/4500 = 0.006*pi

	Micro cell
	3000
	0.5km radius, 0.25*pi*km2 area
	0.25*pi/3000 = 0.00008*pi

	Small cell
	300
	0.1km radius, 0.01*pi*km2 area
	0.01*pi/300 = 0.00003*pi


It can be observed that the macro cell BS has the best energy efficiency among them, and the small cell BS has the worst energy efficiency among them.
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