


3GPP TSG RAN WG1 #110bis-e                                                                          R1-2208987
e-Meeting, October 10th – 19th, 2022 

Source:           CATT
Title:                Evaluation Methodology and Power Model for Network Energy Saving
[bookmark: Source]Agenda Item:  9.7.1
[bookmark: DocumentFor][bookmark: _GoBack]Document for: Discussion and Decision

[bookmark: _Ref521334010]Introduction
In RAN1#110 [1] and post meeting email discussion [2], the network energy savings performance evaluation, including evaluation methodology, base station energy consumption model, KPIs and evaluation results were discussed. Some agreements were made as follows:
	Agreement
For non-sleep mode, the relative power value in power model table for UL reception and/or DL transmission is provided based on reference configuration.

Agreement
For set 2 FR1 FDD TxRU reference configuration, confirm the WA as 32 in reference configuration.

Agreement
The total DL power level is 49 dBm for set 2 FR1 FDD reference configuration.

Agreement
For the purpose of evaluation, adopt the following as BS power consumption model. These entries for this table is per reference configuration set.
· FFS: One or multiple values for relative power and transition time.
	Power state
	Characteristic
	Relative Power
	Additional transition energy3
	Total transition time

	Deep sleep1
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state. 
	P1=1
	E1
	T1 

	Light sleep
	There is neither DL transmission nor UL reception. 
Time interval for the sleep should be larger than the total transition time entering and leaving this state.
(P2>P1)
	P2
	E2
	T2 

	Micro sleep
	There is neither DL transmission nor UL reception.
Immediate transition is assumed for network energy saving study purpose from or to a non-sleep state.
	P3
	0
	0

	Active DL
	There is only DL transmission.
	P4
	NA
	NA

	Active UL
	There is only UL reception.
FFS: Whether multiple P5 values are needed to address low power UL mode
	P5
	NA
	NA

	Note 1: Depending on implementations, there could be a state that the power is lower than deep sleep and requires larger total transition time, e.g. hibernating sleep or Quasi-off, which is not explicitly modeled in this study for evaluation purpose. 
Note 3: Unit in relative power times duration. FFS: Details on how transition energy is defined.


· For simultaneous DL and UL transmission for FDD, the power for UL reception is neglected in this study. 
· FFS: Optionally, a state machine where BS may transit between sleep modes without entering non-sleep mode can be considered. Companies are to report the involved sleep modes and the assumptions for inter-sleep mode transition time used in their evaluations.
· FFS: Details on how to use the above table for low power uplink reception (e.g. for WUS).
Working Assumption
For reference configuration set 1, the values are provided as below. FFS set2 and set 3.
	Power state
	Relative Power P
	Total transition time T

	Deep sleep
	1
	1
	Cat 1:

50ms 
	Cat 2: 

10s

	Light sleep
	Cat 1: 25
	Cat 2: 2.1
	Cat 1: 6 ms
	Cat 2: 640 ms

	Micro sleep
	Cat1: 55
	Cat 2: 5.5
	0
	0

	Active DL
	Cat 1: 280
	Cat 2: 32
	N.A.
	N.A.

	Active UL
	Cat 1: 110
	Cat 2: 6.5
	N.A.
	N.A.



Agreement
For evaluation purpose, 
· a load (L) of a cell is a percentage of resources used for UE specific PDSCH / PUSCH
· The following load scenarios are considered
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L≤15

	Light load
	· Include cell-specific signals and channels, and
· 0 < L≤ [30]

	Medium load
	· Include cell-specific signals and channels, and
· [30] < L≤ [50]

	For CA, the companies report whether the load is defined per CC or across all CCs.



Agreement
· For FR1, urban micro can be optionally considered.
· For FR2, urban micro is prioritized, with ISD=200 m is assumed. 
Agreement
It is up to company report which traffic model is used among the agreed three traffic models in their evaluations.
· Other models may be used as well. Parameter (e.g. packet size and arrival rate) adjustment can be optionally considered and reported.
Agreement
For set 3 FR2 reference configuration, the total DL power level and EIRP limit is set as 33 dBm and 63 dBm respectively. Note EIRP limit is also scaled with the number of TxRU.

Agreement
For evaluation purpose, network energy saving gain is computed based on the energy consumptions for a technique and the baseline over the same duration.




And post meeting email discussions achieve the following agreements:
	Agreement
For initial evaluations, there is always a non-sleep mode assumed between adjacent sleep modes. 

Agreement
Companies to report the assumption details for the reception of a low-power UL channel/signal, if used, including power states, additional transition energy, and transition times, receiver details (e.g. architecture and receiver sensitivity), and other impact/change on the power consumption model.

Agreement
Update the RAN1 agreements with the following changes
In the evaluation,
· a load (L)% of a cell is a percentage of resources used for UE specific PDSCH/PUSCH.
· The following load scenarios are considered.
	Load scenario
	Characteristics

	Idle/empty load
	· Include cell-specific signals and channels, and
· L = 0

	low load
	· Include cell-specific signals and channels, and
· 0 < L≤15

	Light load
	· Include cell-specific signals and channels, and
· 150 < L≤30

	Medium load
	· Include cell-specific signals and channels, and
· 30 < L≤50

	For CA, the companies report whether the load is defined per CC or across all CCs.


Proposal 2.1.3.2-1-rev2: 
· During the transition time period, relative power of sleep mode  is assumed to be consumed. Additional transition energy and total transition time also include energy and time for both ramping down and ramping up spent in two-way (ramping down and up) during the transition period is considered.
· (Working Assumption) for set 1, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



Proposal 2.1.4.2-1-rev1:
· The total transition time for set 2 and set 3 is the same as that for set 1.
· Companies are encouraged to check the input and values provided in section 2.1.4.2 of R1-2208312 for further determination.

Conclusion
· Companies are encouraged to check discussion in section 2.2.2 of R1-2208312 for scaling discussion in the next meeting.

Proposal 3.1.2-1-rev2:
· FFS whether to set exact requirements/QoS target for UPT and/or latency impact
· Other KPIs can be optionally reported, conditioned with clear definition/descriptions provided.
· Note for potential new channel/signals, e.g. WUS from UE, the assumption for detection reliability at BS side is reported (performance and complexity impact would subject to results and further discussion).

Proposal 3.2.2-1-rev1:
It is up to company report the use of UE C-DRX.
· the baseline configuration (for alignment/calibration) for C-DRX, if reported, can be as below; 
· Other inactivity timer values can be optionally reported
	Traffic type
	FTP 
	IM
	VoIP

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.

	Packet size
	0.5 Mbytes
	0.1 Mbytes
	

	Mean inter-arrival time
	200 ms
	2 sec
	

	DRX Period
	160 ms
	320 ms 
	40 ms

	DRX Inactivity timer
	100 ms
	80 ms
	10 ms

	On duration
	FR1: 8 ms
FR2: 4 ms
	FR1: 10 ms
FR2: 5 ms
	FR1: 4 ms
FR2: 2 ms




Proposal 3.3.2-1-rev2:
· For FR1, adopt the Reference SLS configurations in Annex-A in R1-2208312 as baseline SLS assumptions.
· Other carrier frequencies can be optionally considered.
· FFS For FR2 adopt the Reference SLS configuration used in Dense Urban Config.B in Table2 of RP-180524 for IMT-2020 with the following clarification/update as initial SLS assumption.
· BS antenna configurations
· 2 TxRU (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,2,2;1,1)
· (dH, dV) = (0.5λ, 0.8λ) (dg,H, dg,V) = (4.0λ, 3.6λ)
· Traffic model & UE density
· Follow previous agreements with adjusted UE density
· Total transmit power per TRxP
· Value scaled from that in set 3 reference configuration considering BW 
· Further adjustment/clarification can be discussed in the next meeting.



 
This contribution discusses the remaining evaluation methodology and power model of NR network energy savings, which include evaluation methodology, network energy consumption models, KPIs, and simulation assumptions. At last, the initial results are provided as example.
Discussion
In RAN1#110, most of power model and evaluation assumption/methodology for network energy saving were agreed. Some issues remain to be discussed  after post meeting email discussion, which includes:
· Power model of the state transition between sleep state and active state
· Power scaling model
· Baseline of system configuration for normal network operation for the evaluation of network energy consumption
· Key performance index of network energy saving
This section discuss the above remaining issues.
Remaining issues of power model
Network energy consumption model
The modeling of the transition energy remains open to be further discussed as summarized in [2] after length official email discussion after RAN1#110. The modeling of the transition energy  represents the energy that BS enters from micro sleep mode to deep/light sleep mode  and BS leaves the deep/light sleep mode to micro sleep mode. The modeling of transition energy is considered as linear with the total transition energy calculated by the formula as follows,
· 
Where
·  is the difference of the relative power between deep/light sleep mode  and micro sleep
·  is the corresponding total transition time of deep/light sleep mode 

Based on the formula, we can get a single value of  transition energy and transition time similar to that defined in Rel-16 UE power saving. The transition energy should be defined as single value of the transition between deep/light sleep and micro sleep, which is standby of active Tx/Rx. Based on the Rel-16 UE power saving model, the transition energy could be defined as additional transition energy and the value could be calculated. And the working assumption for set 1 is listed as following Table 1.
· For set 1, the additional energy (unit in relative power*(duration in ms)) is 
[bookmark: _Ref115191071]Table 1: Additional transition energy
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



Proposal 1: The transition energy model could be modelled as that in Rel-16 UE power saving. The value of the additional transition energy should be defined as following table for evaluation purpose.
· For set 1, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



Power scaling for network energy saving power model 
The power scaling of multiple variables in time, frequency, spatial, and power domain was discussed in RAN1#110. A multi-variable joint power scaling model was proposed and discussed in RAN#110 and post email discussion but no agreements were reached. The power scaling model in Rel-16 UE power saving is a single variable power scaling with variable in time, frequency, spatial, and power domain. We propose that a single variable power scaling model in time, frequency, spatial and power domain should be defined similar to those defined in Rel-16 UE power saving. The power model of network operation in active and sleeping states is based on the reference system parameters and configuration of single CC. When the network is operated in different system parameters, such as different BWP bandwidth, the power model would be scaled in proportion similar to the power saving model defined in TR38.840 [3]. The power scaling scheme for FR1 power states are in Table 2 .
[bookmark: _Ref115191812]Table 2: Power scaling for network energy saving power model
	Scaling
	Proposal
	Comments

	BWP Bandwidth (DL)
	Scaling of X MHz = a + b * X / 100. 
Linear interpolation for intermediate bandwidths. 
· Valid only for X = 5, 10, 20, 40, 80, and 100.
· System load could be considered in proportion to BWP if network adapt the BWP to the system load.
· a =[0.7], b = [0.3]
	The transmission power is scaled with Bandwidth with same power amplifier efficiency (PAE) 
This is for FR1 only.

	BWP Bandwidth (UL)
	No scaling for network power model.
	This is for FR1 only.

	CA (DL)
	PCA = α * PCC;
Intra-frequency CA with sharing PA:  α = [1];
Intra and inter-frequency CA without sharing PA:
FR1
· 2CC:  α = [1.3 ];
· 4CC:  α =[1.9 ];
FR2
· 2CC: α = [1.5];
· 4CC: α = [2.5].
	

	CA (UL)
	No scaling
	Applicable for FR1 and FR2.

	Antenna scaling (DL)
	32TxRU network energy is c * 64TxRU;
16TxRU network energy is c*64TxRU;
Other number TxRU is FFS;
c =[0. 75/0.625] for 32/16 TxRU;
	

	Antenna scaling (UL)
	No scaling.
	

	Tx power 
	Tx power PT relative to the Maximum Tx power Pmax ;
Power consumption of Tx power PT  is [Y + (1-Y)* (PT/Pmax ), Y =~[ 0.8-0.95].
	Tx power is calculated in linear domain.



· Note: Scaling applies only to active power states.

Proposal 2: The power scaling in time, frequency, spatial, and power domain are defined based on the framework of the power model defined for UE power consumption in TR38.840.

If the multi-variable joint power scaling model is used following the discussion in RAN1#110, the multi-variable joint power scaling model is defined with static part and dynamic component and could reflect the single variable power scaling as shown in Table 2 by simply fixed the value of other variables. The multi-variable joint power scaling model discussed in RAN1#110 is shown as follows:
· the BS power consumption for active DL is provided by
·  
· : a static part of which the power is not scaled based on reference configurations.

· : a dynamic part of the power that is scaled based on reference configurations based on ,
Firstly, the static component of the power scaling should include the power consumption of all static components in time, frequency, spatial, and power domain. The static component of DL active transmission in time domain should also include the common processing cross-symbols, such as channel encoding, network control function, and data processor. Thus, the static component of network energy consumption should include the power consumption of cross-symbol component distributed to each symbol. Thus, the static component for active DL should have the power consumption of micro sleep and cross-symbol processing, network control function, and data processing.  
Secondly, the static component of frequency and power domain for each antenna could be included in . The PAE (power added efficiency) of power amplifier (PA) is not a linear function of PA power consumption and affected by different temperature. The PAE varies in input power. It is not straight forward to model the effect of PAE in the power scaling. Thus, it would be simple to have the value of   as 1 as the starting point. However, we could accept the average value of 0.34 for PA efficiency. If the PA efficiency is 0.34, the value of   needs to be divided by 3.
Thirdly, for frequency domain power scaling, the power consumption scaling is due to the reduction of RF BW and not the fraction of resource blocks used within the system RF BW.   The value  should be defined as the ratio of RF BW and maximum system BW.
Based on the above analysis, our suggestions of power scaling values with static part and dynamic component are as follows. At least for FR1 TDD, 
· the BS power consumption for active DL is provided by
·  
· : a static part of which the power is not scaled based on reference configurations. Value is to be determined based on
· Category 1: [140]
· Category 2: [16]
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is 
· Category 1: [110] 
· Category 2: [12] 
·  is 
· Category 1: [30] 
· Category 2: [4] 
·  is the PA efficiency 
· For initial evaluations, , 
· The  and  should be reported along with, which may not be perfectly the candidate values in the current list.
· FFS whether/how to use a non-linear function to represent.
· , , is the percentage of active TxRUs, the radio of RF bandwidth and maximum system BW in frequency domain and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
· For information: In frequency domain, the PSD per TxRU is assumed as the average DL power in watts per Hz for a given total DL power and the DL TXRUs provided in the reference configuration. For example, the set 1 has total DL power of 55dBm = 316W for 100 MHz and 64 TXRUs, and PSD per TxRU can be determined by -23dBm = 5 µW per Hz.

Proposal 3: The values of multi-variable joint power scaling model in time, frequency, spatial, and power domain are suggested as follows. 
· the BS power consumption for active DL is provided by
·  
· : a static part of which the power is not scaled based on reference configurations. Value is to be determined based on
· Category 1: [140]
· Category 2: [16]
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is 
· Category 1: [110] 
· Category 2: [12] 
·  is 
· Category 1: [30] 
· Category 2: [4] 
·  is the PA efficiency 
· For initial evaluations, , 
· The  and  should be reported along with , which may not be perfectly the candidate values in the current list
· FFS whether/how to use a non-linear function to represent.
· , , is the percentage of active TxRUs, the radio of RF bandwidth and maximum system BW in frequency domain and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
· For information: In frequency domain, the PSD per TxRU is assumed as the average DL power in watts per Hz for a given total DL power and the DL TXRUs provided in the reference configuration. For example, the set 1 has total DL power of 55dBm = 316W for 100 MHz and 64 TXRUs, and PSD per TxRU can be determined by -23dBm = 5 µW per Hz.

Remaining issues of Evaluation assumptions
Baseline of system configuration for normal network operation for the evaluation of network energy consumption
In RAN1#110, it is agreed that for evaluation purpose, network energy saving gain is computed based on the energy consumptions for a technique and the baseline over the same duration.
The baseline assumption of system configuration for normal network operation should be specified in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique. The normal network operation includes periodic SSB transmission, periodic RACH resource for initial access and random access procedures, the periodic system broadcast information, and resource allocation and transmission of DL/UL control channels. Furthermore, some network operations, such as MIMO configuration, and carrier configuration for CA/DC should also be specified in order to have the clear scope of network energy consumption for the normal NR network operation.  
The baseline network energy consumption should be based on normal network operation to provide services to UE without excessive latency in network access as follows,
· Periodic SSB transmission at each cell
· Including periodic RACH resource for initial access and random access procedures
· Periodic system broadcast information at a cell
· Including paging transmission 
· Resource allocation and transmission of DL/UL control channels  
· CORESET is located at each slot for UE PDCCH monitoring
· UL control channel resource is allocated for each slot 
· Periodic SR resource allocation
· Baseline for scenario specific system configurations
· MIMO 
· Periodic CSI-RS transmission
· Periodic CSI feedback
· CA/DC 
· PDCCH and CSI-RS configuration in SCell
We could classify the network energy consumption into two categories, which are network sleeping state and network active state as illustrated in Figure 1and Figure 2. 
· Network sleeping state: there is no DL/UL transmission of data and control channels. SSB could be transmitted to enable UE detection of the cell for access. CORESET#0 is configured for RMSI and Paging transmission.


[bookmark: _Ref115191483]Figure 1: The network operation of network sleep state
· Network active state:  both DL and UL control and data are in active transmission. 


[bookmark: _Ref115191492]Figure 2: The network operation of network active mode

Proposal 4: The baseline configuration and normal network operation should be defined in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique.

Key performance index of network energy saving
The key performance index (KPI) is the evaluation reference of the network energy saving technique and the associated impact on the network/UE operation. In RAN1#110, It is agreed that FFS whether to set exact requirements/QoS target for UPT and/or latency impact and other KPIs can be optionally reported, conditioned with clear definition/descriptions provided. Considering the impact to legacy UE, the baseline assumption is the condition of normal network operation with network energy saving technique supporting both Rel-18 and beyond UEs and legacy UEs. The network energy saving gain should be based on energy consumption of network energy saving techniques over that of the baseline network operation. Since the evaluation of network energy saving is proposed to be based on system level simulation, the related system performance outputs, such as system throughput and latency, and UE performance, such as UE power consumption, could be captured together.
· Network energy consumption: the network energy consumption adopted relative model and averaged in slot.
· Energy saving gains: the gain of network energy saving scheme to baseline operation.
· System performance and user performance
· Throughput/SE
· User perceived throughput/Latency
· User power consumption
· System throughput and/or resource utilization/overhead (if applicable) should be reported as the result of the evaluation, in addition to power saving gain.
· If a new signal/channel is introduced, the performance metrics include
· Performance 
· Complexity
· Overhead for reception of the signal/channel 
· If the new signal is used for detection,  the performance metrics include
· False alarm rate 
· Miss-detection rate
Proposal 5: The KPI and relative system performance should be captured along with network energy saving gain in the evaluation of network energy consumption.

Simulation results
In this section, the preliminary evaluation results of network energy saving scheme in time/spatial domain are provided as examples. The details of the simulation results and analysis are shown in our companion contribution [4]. The simulation assumption and network energy models are based on the agreement in [1] and summary of discussion in [2].

Time domain energy saving results
Reduction in the transmission of common control channel/signal in time domain
The network energy saving gain could be achieved by configuring SSB with longer periodicity with SSB beam sweeping. The details of the simulation parameters and analysis are shown in our companion contribution [4]. The evaluation cases are shown as follows:
· Baseline: normal SSB transmission with 20 ms periodicity.
· Case1: Zero system load, SSB and SIB1 with periodicity varied 40ms, 80ms, 160ms.
· Case2: Non-zero system load, SSB and SIB1 with periodicity varied 40ms, 80ms, 160ms, CSI-RS/TRS with periodicity 10ms. 
The network energy saving performance of increasing SSB transmission periodicity scheme is shown in Table 3.

[bookmark: _Ref111119350]Table 3: Energy saving gain of increasing common control channel periodicity with different system loads
	
	SSB/SIB transmission periodicity
	System loads

	
	
	Zero
	9%(low)
	15%(light)
	30%(Medium)

	Energy saving gain
	20ms(baseline)
	-
	-
	-
	-

	
	40ms
	18.8%
	9.0%
	6.5%
	4.9%

	
	80ms
	67.7%
	24.9%
	12.3%
	8.5%

	
	160ms
	82.6%
	27.1%
	14.0%
	9.6%

	Note: 
a) Category 1 power model is applied.
b) Relative power of SSB and SIB1 =280.
c) For number of beam sweeping L=4, i.e., 4 SSB within one SSB burst for FR1.



From the results in Table 3, it could be observed that:
· For zero system load with the increasing of common control channel periodicity, it could obtain network energy saving gain from 18.8% to 82.6% with the  common control channel periodicity increasing from 20 ms to 40ms, 80ms, and 160 ms. Major network energy saving gain could be achieved within the common control channel periodicity of 160ms. 
· For non-zero system loads with increase of common control channel periodicity, the network energy saving gain is observed from 4.9% to 27.1% with different common control channel periodicity. Limited energy saving gain is observed for medium system load and higher obvious energy saving gain for low system load. 
Observation 1: For zero system load, with the increasing of common control channel periodicity, it could obtain network energy saving gain from 18.8% to 82.6% based on different common control channel periodicity.
Observation 2: From non-zero system load cell perspective, gNB could not enter deep sleep state and limited energy saving gain can be achieved for non-zero system load.

gNB DTX/DRX scheme
gNB could reduce the energy consumption with the DTX transmission in low system load state by configuring  periodicity of DTX cycle same as that  of C-DRX, which has same configuration for all UEs. The DTX starting point of each cycle is offset before that of the UE DRX to allow UE preparation of coherent detection at DRX ON. The DTX ON duration is longer than that of the UE DRX to allow UE preparation and extend the processing time before and after DRX ON. The details of gNB DTX/DRX schemes are shown in our companion contribution [4].
· Baseline: The gNB is always on to provide service to the UE.
· gNB DTX/DRX scheme: The gNB DTX aligns with the UE DRX cycles, in which same on-durations of UE DRX are configured for all UEs.
The evaluation results are provided in Table 4.
[bookmark: _Ref115196395]Table 4: The energy saving gain (ESG) of the gNB DTX transmission under different system loads
	
	System load = 9%
	System load = 15%
	System load = 30%

	Average ESG of gNB DTX/DRX
	75.3%
	66.1%
	50.1%



From the evaluation results in Table 4, it could be observed that,
· gNB DTX network energy saving scheme with fully aligned DRX-ON configuration for all UEs can achieve 50.1%~75.3% energy saving gain under the different system loads. The energy saving gain is due to the gNB getting in DTX OFF that gNB could enter deep sleep.
Observation 3: gNB DTX/DRX transmission can obtain 50.1%~75.3% energy saving gain. 

Cell ON/OFF scheme

The preliminary system level evaluation   of semi-static/dynamic cell ON/OFF scheme is shown in Table 5 with detail assumptions and analysis of cell ON/OFF network energy scheme in our companion document [4]. 

[bookmark: _Ref115196472]Table 5: The energy saving gain (ESG) of semi-static/dynamic cell ON/OFF 
	
	Percentage of Cell ON 
	Network Energy Saving gain of Cell ON/OFF scheme

	Cell without DTX
	63.1%
	23.8%

	Cell with DTX
	65.5%
	47.3%



From the evaluation results in Table 5, it could be observed that:
·  The system level is based on the periodic transmission of 20ms SSB/SIB and 10ms CSI-RS/TRS.  The dynamic cell ON/OFF by neighbor serving cell could obtain 23.8% network energy saving gain.  The additional gNB DTX schemeduring cell ON can achieve 47.3% network energy saving gain for semi-static/dynamic cell ON/OFF scheme triggered by neighbour cell.
Observation 4: It could be observed 23.8% and 47.3% network energy saving gain for semi-static/dynamic cell ON/OFF scheme and that with additional gNB DTX scheme during DTX ON respectively.

Spatial domain energy saving results
Most of network energy consumed at gNB is in AAU. Network could obtain energy saving gain by dynamic adaptation the number of TxRU for AAU. When the system load is light and channel condition is acceptable, gNB could adjust TxRU from 64TxRU to 32TxRU to reduce gNB energy consumption. The details are shown in our companion contribution [4]. The evaluated baseline and dynamic TxRU adaptation scheme are listed as below. 
· Baseline : gNB with 64 TxRU
· Dynamic TxRU adaptation scheme: gNB dynamic TxRU adaptation from 64TxRU to 32 TxRU

The evaluation results of the gNB with TxRU dynamic on/off under the different system loads are shown in Table 6.
[bookmark: _Ref111119439][bookmark: _Ref111119464]Table 6: The energy saving gain (ESG) of the gNB with TxRU dynamic adaptation under different system loads
	System load
	Average ESG
	Average UPT loss
	Average latency loss

	9.0%
	6.9%
	1.2%
	1.7%

	15.0%
	10.9%
	1.8%
	2.6%

	30.0%
	10.8%
	1.7%
	2.88%



From the evaluation results in Table 6, it could be observed that:
· gNB could obtain 6.9% ~ 10.8% energy saving gain  with  1.2%~1.7% UPT loss and 1.7%~2.88% latency loss by TxRU dynamic on/off.  
Observation 5: Dynamic antenna adaptation scheme could obtain 6.9% ~ 10.8% energy saving gain with 1.2%~1.7% UPT loss and 1.7%~2.88% latency loss.  

Conclusion
In this contribution, it discussed the evaluation methodology and provided the preliminary results. We have the following observations and proposals,
Proposal 1: The transition energy model could be modelled as that in Rel-16 UE power saving. The value of the additional transition energy should be defined as following table for evaluation purpose.
· For set 1, the additional energy (unit in relative power*(duration in ms)) is 
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088



Proposal 2: The power scaling in time, frequency, spatial, and power domain are defined based on the framework of the power model defined for UE power consumption in TR38.840.
Proposal 3: The values of multi-variable joint power scaling model in time, frequency, spatial, and power domain are suggested as follows. 
· the BS power consumption for active DL is provided by
·  
· : a static part of which the power is not scaled based on reference configurations. Value is to be determined based on
· Category 1: [140]
· Category 2: [16]
· : a dynamic part of the power that is scaled based on reference configurations based on , where
·  is 
· Category 1: [110] 
· Category 2: [12] 
·  is 
· Category 1: [30] 
· Category 2: [4] 
·  is the PA efficiency 
· For initial evaluations, , 
· The  and  should be reported along with , which may not be perfectly the candidate values in the current list
· FFS whether/how to use a non-linear function to represent.
· , , is the percentage of active TxRUs, the radio of RF bandwidth and maximum system BW in frequency domain and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
· For information: In frequency domain, the PSD per TxRU is assumed as the average DL power in watts per Hz for a given total DL power and the DL TXRUs provided in the reference configuration. For example, the set 1 has total DL power of 55dBm = 316W for 100 MHz and 64 TXRUs, and PSD per TxRU can be determined by -23dBm = 5 µW per Hz.

Proposal 4: The baseline configuration and normal network operation should be defined in order to obtain the energy consumption of normal network operation and to identify the potential network energy saving technique.
Proposal 5: The KPI and relative system performance should be captured along with network energy saving gain in the evaluation of network energy consumption.
Observation 1: For zero system load, with the increasing of common control channel periodicity, it could obtain network energy saving gain from 18.8% to 82.6% based on different common control channel periodicity.
Observation 2: From non-zero system load cell perspective, gNB could not enter deep sleep state and limited energy saving gain can be achieved for non-zero system load.
Observation 3: gNB DTX/DRX transmission can obtain 50.1%~75.3% energy saving gain. 
Observation 4: It could be observed 23.8% and 47.3% network energy saving gain for semi-static/dynamic cell ON/OFF scheme and that with additional gNB DTX scheme during DTX ON respectively.
Observation 5: Dynamic antenna adaptation scheme could obtain 6.9% ~ 10.8% energy saving gain with 1.2%~1.7% UPT loss and 1.7%~2.88% latency loss.  
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