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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, and evaluation methodology. Our initial evaluation result is also provided.

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.
In RAN1#109-e meeting, the following agreement was achieved for the reference configuration:
	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






The remaining parameters to be defined are the total number of DL TX RUs and UL RX RUs for Set 2, and the total DL power level for Set 2 and Set 3. For the total number of DL TX RUs and UL RX RUs, the working assumption can be confirmed. Also, the total DL power level for Set 2 can be confirmed based on the system level simulation assumption in TS38.802 [3]. On the other hand, the total DL power level for Set 3 should be updated. Urban macro is assumed for the current proposed values in the table, while Dense urban should be more appropriate for FR2 scenario. Therefore, it can be updated as 40 dBm and 33 dBm for macro layer and micro layer, respectively, based on the simulation assumption defined in [3]. Similarly, EIRP is limited to 73 dBm and 68 dBm for macro layer and micro layer, respectively.

Proposal 1:
· Confirm and update the working assumptions for reference configurations.
· Confirm the total number of DL TX RUs for Set 2 as 32.
· Confirm the total number of UL RX RUs for Set 2 as 32.
· Confirm the total DL power level for Set 2 as 49 dBm.
· Update the total DL power level for Set 3 as follows:
· 40 dBm and 33 dBm for macro layer and micro layer, respectively.
· EIRP limited to 73 dBm and 68 dBm for macro layer and micro layer, 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
· Number of occupied symbols for DL
· Number of occupied PRBs for DL
· 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
· Number of occupied symbols for DL
· Number of occupied PRBs for DL
· 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 sleep states can be considered for base station power consumption model considering such aspects. As an example, we propose the following sleep states similar to the UE power consumption model. gNB switches from/to each state as in Fig.1.

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

	Micro sleep
	· gNB does not operate TX/RX within the current symbol
· This state is for idle mode where no TX/RX is assumed and gNB does not go to sleep mode.
· Immediate transition is assumed from or to a non-sleep state with no transition energy

	Light sleep
	· gNB does not operate TX/RX within the next X1 ms.
· Transition time and transition energy are assumed.
· Time interval for sleep should be larger than the total transition time entering and leaving this state.

	Deep sleep
	· gNB does not operate TX/RX within the next X2 ms, where X2 > X1.
· Transition time and transition energy are assumed, which are larger than those of light sleep.
· No synchronization is maintained.
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Fig. 1 Transition diagram for power states

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

For active power state, the following agreement, FL proposal and working assumption were made at 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.

FL5 Proposal 2-2
For evaluation based on BS energy consumption model, for non-sleep mode and TDD, no channel/signal-specific (i.e. slot type) to be defined.

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 that slot-level power consumption is included in the BS energy consumption model and symbol-level power consumption is also considered. However, the detailed model of symbol-level power consumption has not been defined yet. At the last meeting, the FL proposal 2-2 was proposed and discussed. Explicit symbol-level power modelling with channel/signal specific would be more precise but lead to a complicated model. Considering that gNB transmits multiple channels/signals for UEs simultaneously in general, such a finer granularity model may not be needed. Therefore, the FL proposal 2-2 can be confirmed as an agreement.
Regarding the BS energy consumption model for FDD and simultaneous DL/UL transmission cases, Option 1 is preferred for more precise evaluations. However, if it is clarified that the energy consumption for UL is negligible, we would be fine with Option 2.

Proposal 4:
· Confirm FL proposal 2-2 for BS energy consumption model
· FL proposal 2-2: For evaluation based on BS energy consumption model, for non-sleep mode and TDD, no channel/signal-specific (i.e. slot type) to be defined.
· Adopt Option 1 for BS energy consumption model of FDD and simultaneous DL/UL cases for more precise evaluations.
· Option 1: the power consumption is the total of DL and UL power consumption

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 5:
· 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 
In this section, we discuss the evaluation methodology for network energy saving evaluation. 

In RAN1-109e meeting, it is agreed that urban macro is prioritized for FR1. 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 micro for network energy saving evaluation. We could just follow the details of micro layer in Dense urban scenario according to Table A.2.1.1 in [3]. In this scenario, micros are randomly dropped within the macro coverage and UEs are randomly and uniformly dropped in the cluster around the micros. This deployment scenario is important for both FR1 and FR2.     
Proposal 6: 
· For FR2, Micro scenario could be the baseline for evaluation. For FR1, Micro scenario could be an optional for evaluation.
· Details of Micro scenario could refer the micro layer in Dense urban scenario according to 38.802. In this scenario, micros are randomly dropped within the macro coverage and UEs are randomly and uniformly dropped in the cluster around the micros

In RAN1-109e meeting, it is agreed that traffic models of FTP3, FTP 3 IM and VOIP can be considered in the evaluation. One FFS point is whether the DL and UL traffic model could be different. In realistic, different UEs have different traffic types, thus DL and UL traffic model could be different. But for evaluation point of view, same traffic type could be assumed for simplicity. 

Proposal 7 
· Same traffic model could be used for both DL and UL evaluation.
2.3. Initial evaluation results
In this section, we provide the initial evaluation results of network power consumption as well as the UE packet throughput. Generally, we utilize the parameters and methodology agreed in RAN1-109e for evaluation. For other parameters, which are not decided yet, we take reference from TR38.840. 
In the evaluation, Macro scenario with ISD of 200m is assumed. UEs are uniformly distributed within each macro area. FTP model 3 with 0.5M bytes payload and 200ms mean inter-arrival time is assumed. When there is no traffic in the queue, gNB would go to the sleep mode. If new traffic arrives, the gNB would turn from sleep mode to active mode. We use sleep modes of Micro/Light/Deep sleep with corresponding level of power consumption in the evaluation. For Micro sleep, there is no transition time and additional transition energy when gNB transits between sleep and active modes. For Light/Deep sleep, short/long transition time and medium/high additional transition energy is assumed. In active mode, the gNB power consumption is scaled with the number of bandwidth or RBs used in the transmission. 
The evaluation results are showed in Fig. 3 as follows. Four power states (i.e., Micro/Light/Deep sleep modes and active mode) are evaluated. “Active” means the active mode that gNB always stay in active mode even if no traffic in the queue. “Micro/Light/Deep” means the sleep mode that gNB will be turned to if there is no traffic. Both the power consumption and packet throughput performance are evaluated considering the network traffic load of 10%, 30% and 50% RU. 
For low load with 10% RU, compared with active mode, sleep mode can save 19~67% energy with 0~69% throughput decrease. For mid load with 30% RU, sleep mode saves 12~41% energy with 0~51% throughput decrease. For high load, sleep mode saves 7~21% energy with 0~33% throughput decrease. The lower traffic load, more power saving gain and larger throughput degradation is achieved by gNB sleeping. Micro sleep mode can save 7~19% energy without throughput decrease since there is no transition time between active and Micro sleep.           
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(a) Relative power consumption                                              (b) Packet throughput
Fig. 3 Power consumption and throughput performance of gNB (DL only) 

Observation 1
· For low load with 10% RU, sleep mode can save 19~67% energy with 0~69% throughput decrease. 
· For mid load with 30% RU, sleep mode saves 12~41% energy with 0~51% throughput decrease. 
· For high load, sleep mode saves 7~21% energy with 0~33% throughput decrease.
Observation 2
· Micro sleep mode can save 7~19% energy depending on traffic load without throughput decrease compared with active mode.

3. Conclusion
In this contribution, we proposed followings for the base station energy consumption model, evaluation methodology, and KPIs. Besides, we have following observations based on our simulation results of network energy consumption.
Proposal 1:
· Confirm and update the working assumptions for reference configurations.
· Confirm the total number of DL TX RUs for Set 2 as 32.
· Confirm the total number of UL RX RUs for Set 2 as 32.
· Confirm the total DL power level for Set 2 as 49 dBm.
· Update the total DL power level for Set 3 as follows:
· 40 dBm and 33 dBm for macro layer and micro layer, respectively.
· EIRP limited to 73 dBm and 68 dBm for macro layer and micro layer, respectively.
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
· Number of occupied symbols for DL
· Number of occupied PRBs for DL
· Short PUCCH
· DL transmit power
Proposal 3:
· Define the sleep sates for the base station energy power consumption model as follows:
	Sleep states
	Characteristics

	Micro sleep
	· gNB does not operate TX/RX within the current symbol
· This state is for idle mode where no TX/RX is assumed and gNB does not go to sleep mode.
· Immediate transition is assumed from or to a non-sleep state with no transition energy

	Light sleep
	· gNB does not operate TX/RX within the next X1 ms.
· Transition time and transition energy are assumed.
· Time interval for sleep should be larger than the total transition time entering and leaving this state.

	Deep sleep
	· gNB does not operate TX/RX within the next X2 ms, where X2 > X1.
· Transition time and transition energy are assumed, which are larger than those of light sleep.
· No synchronization is maintained.


Proposal 4:
· Confirm FL proposal 2-2 for BS energy consumption model
· FL proposal 2-2: For evaluation based on BS energy consumption model, for non-sleep mode and TDD, no channel/signal-specific (i.e. slot type) to be defined.
· Adopt Option 1 for BS energy consumption model of FDD and simultaneous DL/UL cases for more precise evaluations.
· Option 1: the power consumption is the total of DL and UL power consumption
Proposal 5:
· 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 6: 
· For FR2, Micro scenario could be the baseline for evaluation. For FR1, Micro scenario could be an optional for evaluation.
· Details of Micro scenario could refer the micro layer in Dense urban scenario according to 38.802. 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 7 
· Same traffic model could be used for both DL and UL evaluation.
Observation 1
· For low load with 10% RU, sleep mode can save 19~67% energy with 0~69% throughput decrease. 
· For mid load with 30% RU, sleep mode saves 12~41% energy with 0~51% throughput decrease. 
· For high load, sleep mode saves 7~21% energy with 0~33% throughput decrease.
Observation 2
· Micro sleep mode can save 7~19% energy depending on traffic load without throughput decrease compared with active mode.
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