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1. Introduction
In RAN1 #110 meeting, details of BS energy consumption model and evaluation methodology were discussed, and some agreements are achieved in [1].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK1][bookmark: OLE_LINK2]In this contribution, our views on the remaining issues of energy consumption model and evaluation methodology are provided and some initial evaluation results for sleep modes are presented as well.
2. Base station (BS) energy consumption model
In terms of BS energy consumption model, there are still a few remaining open issues that need to be determined in this meeting, i.e. power state values, transition energy and scaling method. Next, our views on these aspects are provided in the following subsections. 
2.1. [bookmark: _Hlk70087832][bookmark: OLE_LINK7][bookmark: OLE_LINK8]Power state values
[bookmark: OLE_LINK3][bookmark: OLE_LINK4]In RAN1#110 meeting, the following agreements are made on BS power model.
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 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.


From the above agreements, the framework of BS power consumption model with multiple power states was agreed for all reference configuration sets. However, the power state values per each reference configuration set are not finally determined.
For reference configuration set 1, the power state values are discussed in detail and a working assumption with 2 Cat values is worked out by considering inputs from multiple companies. This is the best compromise we could achieve among all the companies, which needs to be confirmed in this meeting.
[bookmark: _Ref111200169]Proposal 1: Confirm the working assumption on the power state values for reference configuration set 1.
For reference configuration set 2 and set 3, the value of set1 in the above working assumption should be a reference or a baseline if confirmed. For example, the power state value for set 2 and set 3 may be a little lower than that for set 1 since the total transmission power and the number of TxRu/RxRus are smaller. 
[bookmark: _Ref115443968]Proposal 2: The agreed Set 1 power state values are used as a reference or a baseline to determine that for set 2 and set 3 reference configuration.
2.2. Transition time and energy
In the agreed framework, 3 sleep modes are defined for BS power model, i.e. deep sleep, light sleep and micro sleep. Meanwhile, the following agreement is achieved on transition time in the post-RAN1#110 email discussion [2]:
Agreement
The total transition time for set 2 and set 3 is the same as that for set 1.

As for the values of transition time, the working assumption needs to be confirmed together with power state values for reference configuration set 1. 
[bookmark: _Ref115443969]Proposal 3: Confirm the working assumption on the transition time for reference configuration set 1 and use them for set 2 and set 3 as well.
During the post-RAN1#110 email discussion [2], the following proposal on the additional transition energy for reference configuration set 1 was widely discussed. 
[bookmark: _Ref115443971]Proposal 4:  Adopt the following transition energy values for reference configuration set 1:
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088


Proposal 2.1.3.2-1-rev1: 
· (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



2.3. Scaling Methods
[bookmark: _Hlk101274526]How to perform scaling compared to reference configuration is also a very important part of BS power model. This will be discussed for DL transmission and UL reception separately.
Scaling of DL transmission
For scaling of DL transmission, the following alternatives are two final candidates after post-RAN1#110 email discussion [2]:
Revised Alt 1-update:
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
· : a dynamic part of the power that is scaled based on reference configurations based on , where 
·  is the PA efficiency 
· , , is the percentage of active TRxRUs, the ratio of RF bandwidth and maximum system BW and the ratio of PSD per TxRU between the DL transmission and reference configuration, respectively.
Alt 3
The power consumption of DL transmission in frequency, power and antenna domain  is provided by
  = (1-)  + 

· P3 and P4 are relative power values of micro sleep and active DL transmission, respectively

·  is the resource usage ratio in frequency domain (percentage)
·  is the ratio of PSD (in dB) between the DL transmission and reference configuration
·  is percentage of active TRxRUs.
·  when  = 1
· α and  are provided in the below table
Parameters 
FR1
FR2

[31%]
[8%]

[0.86]
[0.24]

[0.025]
[0.01]


Both these two alternatives work by considering the scaling factors in frequency domain, spatial domain and power domain. However, compared to the Alt-3, the Revised Alt 1-update seems more simple, inclusive and broad enough to include different implementations. Therefore, the Revised Alt 1-update could be a baseline scaling method, and Alt 3 can be optionally considered or reported. 
[bookmark: _Ref115443972]Proposal 5: For scaling method, the Revised Alt 1-update could be as a baseline, and Alt 3 can be optionally considered or reported.
For value of  in Revised Alt 1-update, it corresponds to the value when ===0, which means the case where there is no any transmission. In this case, power value of Micro sleep can be used, i.e. value of  is the same as that for Micro sleep power state.
[bookmark: _Ref115443973]Proposal 6: Value of  in the Revised Alt 1-update is the same as power value of Micro sleep power state.
For the value of and in Revised Alt 1-update, it should be guaranteed to be aligned with the power state values, i.e. the total power consumption value is P4 when ===1. 
[bookmark: _Ref115443975]Proposal 7: Value of  and  in the Revised Alt 1-update should meet the condition that the sum of and  is the same as power value of Active DL power state.
Scaling of UL reception
For scaling of UL reception, the following equation is proposed for FFS:
· FFS: the BS power consumption for active UL is provided by
· 
· 



It is clearly observed that UL reception only involves spatial domain scaling factor, i.e.  in the above equation. In our view, this is a reasonable assumption. Firstly, there may not be much difference in reception processing for different UL channels or signals, so the impact of frequency domain could be ignored. Secondly, for BS receiving, the PA is not working, so the impact of power domain could also not be considered. Therefore, we support this scaling method for UL reception.
Another issue is the value determination of  and . Similar to that for scaling of DL transmission, it should be aligned with the value of BS power states. In one aspect, the power value when =0 is the same as value for Micro sleep value, i.e. value of  is the same as value of Micro sleep power state. In the other aspect, the power value when =1 is the same as value for active UL power state, i.e.  =P5.
[bookmark: _Ref115443976]Proposal 8: Support the following scaling method for BS UL reception
· 
·  = power value of Micro sleep power state (i.e. P3)
· =power value of Active UL power state (i.e. P5) - power value of Micro sleep power state (i.e. P3)
Time-domain scaling
For the scaling in time domain, the following proposal is made in note part:
· Notes,
· In time domain, 
· when slot level model is provided, a time domain scaling factor is linearly applied on , if applicable, or on P, according to 
· (1-alpha)*P3 + alpha*P4 where alpha represents the  ratio of the number of active DL symbols within a slot to  the number of symbols within a slot
· The symbol without active DL is to be treated as micro sleep. 
· Companies to describe how to scale for symbols with different frequency domain allocations.
· If an explicit symbol level model is provided, scaling is not applied
· (Already agreed) system simulation evaluations can be per slot regardless of detailed approach for calculating symbol-level power consumption
· In frequency domain, for at least inter-band CA, the total power consumption of BS is calculated as the sum of the power consumption of each cell
· For intra-band CA, a scaling factor of [0.75] is assumed on  
· In spatial domain, for M-TRP at least with separate RF chains, the total power consumption of BS is assumed as the sum of the power consumption of each TRP.


However, the time domain linear scaling formula in the above notes does not consider the uplink symbols in slot, such as the time domain scaling of UL slot or S slot. Therefore, the general linear scaling formula in time domain could be rewritten as follows to incorporate UL part.
(1-alpha-beta)*P3 + alpha*P4+beta*P5;
where alpha represents the ratio of the number of active DL symbols within a slot to the number of symbols within a slot. The beta represents the ratio of the number of active UL symbols within a slot to the number of symbols within a slot. And P3 represents the relative power value of micro sleep, P4 and P5 respectively represent the relative power value of corresponding active channel or signal after scaling in frequency domain, spatial domain and power domain.
[bookmark: _Ref115443977]Proposal 9: For time domain scaling, the following formula is used when slot level model is provided:
(1-alpha-beta)*P3 + alpha*P4+beta*P5
3. Evaluation methodology and initial results
3.1. Evaluation methodology
KPIs
The following agreements regarding KPIs for BS energy saving have been achieved during RAN1#110 meeting.
Agreement
· 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).

For NW energy consumption evaluation, both energy saving gain and system performance metrics should be considered. Application of a BS energy saving gain can bring energy saving gain for BS but also impact the system performance such as the latency, UPT, etc. Therefore, how much UPT and/or latency loss is acceptable for system is an issue that needs to be discussed. For example, the FTP3 traffic model has latency requirements of the level of hundred milliseconds, even the level of seconds. when the BS power consumption model is adopted, the average delay of the FTP3 packet increases 300% from 10ms to 40ms, and the UPT is 1/4 of the normal UPT due to sleep mode. However, compared with the latency requirement of FTP3 traffic, the 40ms delay does not significantly affect the UE performance, and it is not reasonable to evaluate the capacity performance simply by the increase of delay or the loss of UPT. Note that the definition of UPT or latency can refer to the definition of R17 XR SI evaluation in TR 38838 [3].
Based on the above discussion, the following options could be considered as the performance evaluation method in the NW energy saving evaluation.
· Option 1: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the average UPT loss/latency or 5% UPT loss/latency meets the threshold requirement.
· Option 2: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the proportion of packets meeting latency requirements is greater than X%, X = 95 or 99.
[bookmark: _Ref115443979]Proposal 10: The following options could be considered as the performance evaluation method in the NW energy saving evaluation.
· Option 1: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the average UPT loss/latency or 5% UPT loss/latency meets the threshold requirement.
· Option 2: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the proportion of packets meeting latency requirements is greater than X%, X = 95 or 99.
Non-uniform UE distribution
[bookmark: OLE_LINK14][bookmark: OLE_LINK15]As described in SID, the study should prioritize idle/empty and low/medium load scenarios and different loads among carriers and neighbor cells are allowed. However, it is difficult to simulate the case that there are no UEs in some of the cells if only uniform UE distribution is considered. However, it is a typical scenario for NW energy saving study since the cells without UE camping can be deactivated (i.e., no or sparse SSB/SIB transmission). In order to achieve this, the non-uniform UE distribution should be considered with the following two potential approaches.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. For example, the single-layer scenario with multiple cells, such as the hexagonal layout with 7 sites, 3 sectors, the UE only distribution concentrates partial cells, e.g., the 14 cells out of 21 cells in dense urban scenario have UE camped and the remaining 7 cells have no UE camped.
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area. For example, a hexagonal layout is generated first and a number of clusters or buildings randomly drop within the hexagonal layout. Then UEs are randomly and uniformly dropped within the clusters.
[bookmark: _Ref115443980][bookmark: _Ref102057169][bookmark: _Ref111019237]Proposal 11: Non-uniform UE distribution should be considered in network energy saving evaluation and the following two approaches could be a starting point for evaluating UE performance.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. 
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area.
Evaluation assumption for RRC-IDLE state
BS energy saving techniques or BS energy consumption model also have an impact on the RRC-idle state UEs. For performance evaluation of RRC-idle state UEs, it could introduce a sparse traffic model with a larger inter-arrival time for evaluating the performance of RRC-idle state UEs. As described in TR38875 [4], the heartbeat traffic model in Table 1 could be the starting point for evaluating the performance of RRC-idle state UEs. Besides, for the performance evaluation of RRC-idle state UEs, it is not practical to model processes such as the synchronization as well as RRC connection establishment in system-level simulations given the complexity of the evaluation, so these processes could be reflected by assuming a suitable delay. For example, when UE is without the SIB information of the camped cell, the total transition time between the RRC-idle and RRC-connected states, including the SSB/SIB1 transmission, could be assumed to be 200ms, and the total transition time between RRC-idle state and RRC-connected state can be assumed to be 100ms when UE with the SIB information. Besides, the RRC connection duration could be assumed to be 30ms. This RRC connection duration includes the time for the RRC connection to be established, the time for the data to be transferred and the time for the RRC connection to be released.
[bookmark: _Ref102051407]Table 1. The traffic model and additional assumptions for evaluating the RRC-idle state UEs performance 
	Traffic mode:  Heartbeat (*TR38.875)

	Model
	FTP model 3

	Packet size
	100 Bytes

	Mean inter-arrival time
	60 seconds

	Additional assumptions

	Additional transition time from IDLE to CONNECT (assuming SSB /SIB1 transmission fully)
	[200ms]

	Additional transition time from IDLE to CONNECT (assuming without SSB /SIB1 transmission)
	[100ms]

	RRC connection duration (including Msg1/2/3/4 and RRC setup)
	[30ms]


[bookmark: _Ref102057168]Proposal 12: The Heartbeat traffic model and additional assumptions in Table 1 could be considered for evaluating the RRC-idle state UEs performance if needed, where the transition time between the RRC-idle and RRC-connected states and RRC connection duration should be defined.
3.2. Performance results
In this section, based on the BS energy consumption model for reference configuration set 1, we perform system-level simulation to evaluate the BS energy consumption and provide some analysis according to the initial evaluation results. The preliminary simulation results of BS power consumption mode provided in this section use the relative power values for reference configuration set 1. Some details of the simulation parameters are given below, and more detailed simulation parameters can be found in Appendix A.
· Deployment scenario: Urban Macro with single layer
· Carrier frequency: FR1 4GHz
· Simulation bandwidth: 100MHz. 
· UE number: 2/6/10 UEs per cell 
· [bookmark: OLE_LINK27][bookmark: OLE_LINK28]Traffic model: DL FTP3, packet size = 0.5Mbytes, mean packet interval = 200ms
· Periodical signaling period (e.g. SSB, CSI-RS, etc): 20ms
In this simulation, following two simulation cases are compared and no UE power saving techniques are considered. 
· Baseline: all BSs are legacy BS without modelling of sleep modes
· Energy saving scheme: all BSs are enhanced BS with modelling of sleep modes
For energy saving scheme, considering the difference in transition time of different sleep states, the time interval between periodical signaling or between the end of active time and periodical signaling determines the sleep state that the BS could enter, and the arrival of DL packet would wake-up the BS in sleep state. Take the BS power consumption model with reference configuration 1 Cat 1 as an example, and its schematic diagram is depicted in Figure 1.


[bookmark: _Ref102051730][bookmark: _Hlk101802419]Figure 1. The schematic diagram of sleep state determination for reference configuration set 1Cat 1 
The system-level simulation results of baseline and energy saving scheme with different numbers of UEs per cell are shown below. The different numbers of UEs per cell are used to simulate different loads, corresponding to low/light/medium loads respectively, as shown in Table 2. And the UPT and transmit latency performance at different loads are presented in Table 3. And Table 4 gives the power consumption performance of the base station and UE under different traffic loads. Figure 2 shows the variation of the UE average UPT and BS energy saving gain with the load.
[bookmark: _Ref102060106]Table 2. Network resource utilization of different traffic loads
	Load
	Zero load
	Low load
	Light load
	Medium load

	RU
	0.0%
	6.2%
	20.3%
	36.3%


[bookmark: _Ref102060116][bookmark: OLE_LINK17]Table 3. The UPT and transmit latency performance under different loads
	
	Load
	Transmit latency (ms)
	UPT (Mbps)

	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Baseline
	Low load
	8.18
	5.08
	6.19
	15.82
	616.02
	250.57
	689.30
	789.96

	ES scheme
	
	9.23
	5.83
	7.43
	16.30
	541.83
	251.79
	588.92
	719.47

	Baseline
	Light load
	12.05
	5.52
	8.50
	26.58
	524.03
	216.85
	535.17
	750.73

	ES scheme
	
	13.69
	6.43
	9.49
	27.07
	469.77
	202.96
	482.78
	668.89

	Baseline
	Medium load
	21.56
	6.22
	12.72
	53.88
	436.73
	165.77
	424.40
	699.71

	ES scheme
	
	21.58
	7.11
	13.48
	54.12
	401.10
	162.97
	393.80
	634.67


[bookmark: _Ref102060122]Table 4. Power consumption performance under different loads
	
	Load
	BS power consumption
	UE power consumption

	
	
	Mean
	5%
	50%
	95%
	Mean
	5%
	50%
	95%

	Baseline
	Zero load
	75.52
	75.52
	75.52
	75.52
	89.00
	89.00
	89.00
	89.00

	ES scheme
	
	63.32
	63.32
	63.32
	63.32
	89.00
	89.00
	89.00
	89.00

	ES gain
	
	16.15%
	16.15%
	16.15%
	16.15%
	0.00%
	0.00%
	0.00%
	0.00%

	Baseline
	Low load
	86.27
	81.79
	84.85
	94.55
	95.06
	92.02
	93.88
	100.77

	ES scheme
	
	74.23
	69.59
	72.72
	83.28
	94.95
	92.01
	93.88
	100.33

	ES gain
	
	13.96%
	14.92%
	14.30%
	11.92%
	0.11%
	0.01%
	0.00%
	0.44%

	Baseline
	Light load
	110.61
	98.72
	108.07
	123.93
	96.09
	92.22
	94.74
	103.39

	ES scheme
	
	99.97
	86.60
	97.08
	114.55
	96.06
	92.28
	94.78
	103.01

	ES gain
	
	9.62%
	12.28%
	10.17%
	7.57%
	0.03%
	-0.07%
	-0.04%
	0.37%

	Baseline
	Medium load
	138.35
	121.48
	136.23
	161.79
	97.76
	92.73
	96.18
	106.74

	ES scheme
	
	129.75
	111.17
	126.45
	156.58
	97.82
	92.73
	96.22
	107.12

	ES gain
	
	6.22%
	8.49%
	7.18%
	3.22%
	-0.06%
	0.00%
	-0.04%
	-0.36%





[bookmark: _Ref101793169][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 2. SLS result curves for baseline and energy saving scheme
From the above results, it can be observed that the average UE UPT and the corresponding BS energy saving gain decrease as the load increases, both for the baseline and energy saving schemes. And the impact of the BS energy saving scheme on the UE power consumption is very small. In low load case, the UPT loss for BS energy saving scheme compared to the baseline is larger than that in higher loads. The reason could be that the BS can enter deep sleep mode due to the very sparse traffic arrival in low load cases. Mostly, the traffic arrives during BS sleep mode and BS needs a large transition time to wake up from sleep mode. This could lead to large latency and low resource efficiency. 
For the case with zero load, the RU is about 0%, the energy saving scheme can obtain about 16.2% of the BS energy saving gain, which can be considered as the upper limit of the energy saving gain. For the case with low load, the RU is about 6.2%, and the energy saving scheme can obtain about 14% of the BS energy saving gain, but the corresponding average UE UPT decreases from 616.02Mbps to 541.83Mbps. For the case with 10 UEs per cell, the RU reaches 36.3%, the energy saving scheme can only obtain about 6.2% of the BS energy saving gain, and the corresponding average UE UPT decreases from 436.73Mbps to 401.10Mbps. This is because as the load increases, the probability of the base station entering the sleep state decreases, and the frequent traffic arrivals also make the base station only able to maintain the sleep state for a shorter time.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK34]As the load increases, the average UE UPT decreases and the average packet transmit latency increases. However, we can observe that when the RU reaches 36.3%, the packet transmit latency at the 95% CDF point is 54.12ms, which is still much less than the typical latency bound of the level of hundred milliseconds even seconds for FTP3 traffics with the packet size of 0.5Mbytes. Therefore, it can be assumed that this degree of increase in transmit latency has a very small impact on the UE experience performance.
[bookmark: _Ref115443958][bookmark: _Ref102059978]Observation 1: For the case with zero load, the energy saving scheme can obtain about 16.2% of the BS energy saving gain.
[bookmark: _Ref115443960]Observation 2: For the case with 2 UEs per cell, the RU is about 6.2%, the energy saving scheme can obtain about 14% of the BS energy saving gain.
[bookmark: _Ref102059979]Observation 3: For the case with 10 UEs per cell, the RU is about 36.3%, the energy saving scheme can only obtain about 6.2% of the BS energy saving gain.
[bookmark: _Ref102059980]Observation 4: As the load increases, the average UE UPT and the corresponding BS energy saving gain decreases both for the baseline and energy saving schemes.
[bookmark: _Ref102059982]Observation 5: Although the base station energy saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
4. Conclusion
In this contribution, we discuss the BS energy consumption model, evaluation methodologies and KPIs, and have the following observations and proposals:
Observation 1: For the case with zero load, the energy saving scheme can obtain about 16.2% of the BS energy saving gain.
Observation 2: For the case with 2 UEs per cell, the RU is about 6.2%, the energy saving scheme can obtain about 14% of the BS energy saving gain.
Observation 3: For the case with 10 UEs per cell, the RU is about 36.3%, the energy saving scheme can only obtain about 6.2% of the BS energy saving gain.
Observation 4: As the load increases, the average UE UPT and the corresponding BS energy saving gain decreases both for the baseline and energy saving schemes.
Observation 5: Although the base station energy saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
Proposal 1: Confirm the working assumption on the power state values for reference configuration set 1.
Proposal 2: The agreed Set 1 power state values are used as a reference or a baseline to determine that for set 2 and set 3 reference configuration.
Proposal 3: Confirm the working assumption on the transition time for reference configuration set 1 and use them for set 2 and set 3 as well.
Proposal 4:  Adopt the following transition energy values for reference configuration set 1:
	Power state
	Additional transition energy 

	
	Category 1
	Category 2

	Deep sleep
	1350
	22500

	Light sleep
	90
	1088


Proposal 5: For scaling method, the Revised Alt 1-update could be as a baseline, and Alt 3 can be optionally considered or reported.
Proposal 6: Value of  in the Revised Alt 1-update is the same as power value of Micro sleep power state.
Proposal 7: Value of  and  in the Revised Alt 1-update should meet the condition that the sum of and  is the same as power value of Active DL power state.
Proposal 8: Support the following scaling method for BS UL reception
· 
·  = power value of Micro sleep power state (i.e. P3)
· =power value of Active UL power state (i.e. P5) - power value of Micro sleep power state (i.e. P3)
Proposal 9: For time domain scaling, the following formula is used when slot level model is provided:
(1-alpha-beta)*P3 + alpha*P4+beta*P5
Proposal 10: The following options could be considered as the performance evaluation method in the NW energy saving evaluation.
· Option 1: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the average UPT loss/latency or 5% UPT loss/latency meets the threshold requirement.
· Option 2: The energy saving gain of the energy saving scheme compared to the baseline scheme, when the proportion of packets meeting latency requirements is greater than X%, X = 95 or 99.
Proposal 11: Non-uniform UE distribution should be considered in network energy saving evaluation and the following two approaches could be a starting point for evaluating UE performance.
· Approach 1: UE dropping is only allowed in part of the cells which are selected randomly from cells within simulation area. 
· Approach 2: UE dropping is only allowed in several cluster area that is randomly generated within the simulation area.
Proposal 12: The Heartbeat traffic model and additional assumptions in Table 1 could be considered for evaluating the RRC-idle state UEs performance if needed, where the transition time between the RRC-idle and RRC-connected states and RRC connection duration should be defined.
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Appendix A
[bookmark: _Ref1208685]Table I. Simulation assumption for FR1 Urban Macro scenario
	Parameter
	value

	Scenarios
	Urban Macro
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Inter-BS distance
	500m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 2.08% Guard Band

	Subcarrier spacing
	30 kHz

	Frame structure
	DDDSU (S: 10D:2G:2U)

	BS Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 64T: (8,8,2,1,1;4,8)
(dH, dV) = (0.5, 0.8) λ

	UE Antennas 
(M,N,P,Mg,Ng;Mp,Np)
	For 4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2), 
(dH, dV) = (0.5, N/A) λ

	BS antenna pattern
	3-TRxP pattern, 8 dBi

	UE antenna pattern
	Omnidirectional, 0 dBi

	BS Power
	55dBm, EIRP should not exceed 73 dBm

	UE max Power
	23 dBm, EIRP should not exceed 43 dBm

	BS height
	25m

	UE height
	Outdoor UEs: 1.5 m
Indoor UTs: 3(nfl – 1) + 1.5; nfl~uniform (1, Nfl) where Nfl~uniform (4,8)

	Noise Figure
	BS:5 dB, UE:9 dB

	Max MCS
	256QAM

	Down-tilt
	6 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	UE distribution
	Uniform distribution, 20% outdoor (30km/h), 80% indoor (3km/h)

	Traffic model
	FTP3 (0.5MB as packet size, 200ms as mean inter-arrival time)



Average UE UPT (Mbps) and BS energy saving gain  
Baseline	
zero load
(L=0.0)	low load 
(L=6.2)	light load 
(L=20.3)	medium load 
(L=36.3)	0	616.01868984213002	524.03180729981773	436.72852896733536	ES scheme	
zero load
(L=0.0)	low load 
(L=6.2)	light load 
(L=20.3)	medium load 
(L=36.3)	0	541.83394136684274	469.77293274050282	401.09755233270698	ES gain	
zero load
(L=0.0)	low load 
(L=6.2)	light load 
(L=20.3)	medium load 
(L=36.3)	0.16150839157690675	0.13961047538226182	9.6179692984961762E-2	6.2184255105869661E-2	
UPT (Mbps)

BS ES gain
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