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1. Introduction
For the sake of environmental sustainability and operation cost savings, the new study item on network energy savings in NR has been agreed in [1], where base station energy consumption model, evaluation methodology, KPIs and network energy saving techniques will be discussed in Rel-18.
[bookmark: OLE_LINK5][bookmark: OLE_LINK3][bookmark: OLE_LINK4]In this contribution, based on the BS energy consumption model as discussed in our companion’s contribution [2], we perform system-level simulation to evaluate the BS energy consumption and provide some analysis according to the initial evaluation results, including the impact of base station sleep mode, and potential benefit for UE WUS scheme on base station energy consumption and system performance. The overall simulation assumptions can be found in Appendix A.
2. [bookmark: _Ref82855870]Evaluation of BS sleep mode
[bookmark: _Hlk101275836]For the implementation of the BS sleep mode, the base station can save energy by flexibly turning off some components into a sleep state. The more components are deactivated, the more energy of base station can be saved, and accordingly, the more time is needed to activate the components in sleep state for data transmission, which also brings larger latency. By enabling the base station to enter different sleep states, a tradeoff between power saving and system performance can be achieved. Since 3GPP has not yet agreed on a common energy consumption model for base stations, the preliminary simulation results of BS sleep mode are provided in this section with reference to the UE power consumption model in TR38.840 [3].
2.1. Simulation assumptions and sleep mode
This section describes the system-level simulation assumptions and BS sleep mode used for initial system performance evaluation. Some details of the simulation parameters are given below, and more detailed simulation parameters can be found in Appendix A.
•	Deployment scenario: Dense urban with single layer
•	Carrier frequency: FR1 4GHz
•	Simulation bandwidth: 100MHz. 
•	UE number: 2UEs per cell or 10 UEs per cell
[bookmark: OLE_LINK27][bookmark: OLE_LINK28]•	Traffic model: DL FTP3, packet size = 0.5Mbytes, mean packet interval = 200/100/50/20ms
•	Periodical signaling period (e.g. SSB, CSI-RS,): 20ms
The BS energy consumption model used in the simulation can be found in Table 1 and Table 2, including relative power of each state and transition time of sleep states. The actual relative power value per slot of the PDSCH state is scaled according to the frequency domain bandwidth during DL data transmission. As described in SID [1], idle/empty and low/medium load scenarios should be prioritized. In the low load case, the base station is in a state of neither receiving nor transmitting most of the time. For the BS without adopting any energy saving technology, the Tx and Rx related components are in “idle” state, which may still consume the BS energy. Therefore, an additional idle state is defined for BS. The details of the BS energy consumption model can be found in our companion’s contribution [2].
[bookmark: _Ref102154056]Table 1. Base station energy consumption model for FR1
	Power state
	Deep
	Light
	Micro
	Idle
	SSB
	CSIRS
	SSB+CSIRS
	PDSCH

	Cell relative power
	1
	20
	45
	60
	80
	80
	160
	300



[bookmark: _Ref101728958]Table 2. Transition time and additional transition energy for base station 
	Sleep type
	Additional transition energy:
(Relative power x ms) 
	Total transition time 

	Deep sleep 
	225
	10 ms 

	Light sleep 
	16.67
	1 ms 

	Micro sleep 
	0 
	0 ms* 

	*Immediate transition is assumed for power saving study purpose from or to a non-sleep state



For burst traffic models, e.g. FTP3, the data randomly arrives and it is difficult to predict the arrival time of the next packet in advance. In the simulation, we assume that the time interval between two expected configured transmissions/receptions (e.g. semi-static configured Tx/Rx) determines the sleep state that the base station could enter, considering the transition time of activation and deactivation of the base station components. For example, if the time interval of two transmissions from BS is larger than 10 ms, BS can enter deep sleep mode. To save the energy of base station while ensuring that data can be transmitted timely, the following sleep state determination approach is used for DL data transmission, which is depicted in Figure 1.
· Semi-persistent configured signaling (e.g., periodical SSB, CSI-RS, etc.) is used to determine the sleep mode.
· Only periodical SSB, CSI-RS, and SRS are considered in the simulation.
· Data arrival at BS will wake up a BS from sleep mode immediately.
· After data arrival, the type of sleep mode is determined by the interval between the end of active time for data transmission and the next semi-persistent configured signaling.


[bookmark: _Ref101730424]Figure 1. The schematic diagram of sleep pattern determination 
The handling of wake-up in different sleep phases should be discussed separately, and the details of transition handling can be found in our companion’s contribution [2].
· Waking request in deactivation phase:  Continue deactivation until finished and then start activation immediately.
· Waking request in sleep phase: Start activation immediately after the request.
· Waking request in activation phase: Continue activation until finished.
2.2. Initial Simulation Results
[bookmark: OLE_LINK24]The preliminary system-level simulation results of BS energy consumption are presented in this subsection. In the simulation, following two simulation cases are compared and no UE power saving techniques are considered.
· Baseline: all BSs are legacy BS without sleep mode
· Power saving scheme: all BSs are enhanced BS with sleep mode
[bookmark: OLE_LINK41]In addition to the network energy consumption and power saving gain as the main evaluation metrics, the impact of the base station deploying energy saving solutions on UE power consumption and system performance cannot be ignored. The enhancement solution should balance the performance of the network and the user performance while achieving a power saving gain. The following performance metrics are considered in system-level simulations and the details can refer to our companion’s contribution [2]. 
· Network performance metric:
· BS average power consumption and power saving gain
· Resource utilization (RU)
· Spectral Efficiency (SE) 
· UE performance metric:
· UE average power consumption and power saving gain
· average UPT and 5%/50%/90%-tile UPT
· [bookmark: OLE_LINK6][bookmark: OLE_LINK7]Transmit latency
2 UEs per cell
[bookmark: OLE_LINK8][bookmark: OLE_LINK9][bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: OLE_LINK15][bookmark: OLE_LINK23]The system-level simulation results of baseline and power saving scheme with 2 UEs per cell are shown below. DL FTP3 traffic model with 0.5Mbytes packet size is assumed, and mean packet interval is configured as 200/50/20ms to simulate different traffic load, corresponding to load/medium/high load respectively, as shown in Table 3. And the SE, UPT and transmit latency performance at different loads are presented in Table 4. And Table 5 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 power saving gain with the load.
[bookmark: _Ref102060106][bookmark: OLE_LINK21][bookmark: OLE_LINK22][bookmark: OLE_LINK42]Table 3. Network resource utilization of different traffic loads with 2 UEs/cell
	Load
	Low load
	Medium load
	High load

	RU
	4.8%
	21%
	60%


[bookmark: _Ref102060116][bookmark: OLE_LINK14][bookmark: OLE_LINK16][bookmark: OLE_LINK17]Table 4. SE, UPT and transmit latency performance under different loads with 2 UEs/cell
	
	Load
	SE (bit/s/Hz)
	Transmit latency (ms)
	UPT (Mbps)

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

	Baseline
	Low
	1.06
	5.75
	4.51
	5.23
	9.50
	733.81
	550.77
	760.93
	794.20

	PS scheme
	
	1.06
	9.40
	5.16
	9.21
	14.16
	475.98
	410.01
	479.75
	537.67

	Baseline
	Medium
	4.28
	8.05
	4.59
	5.43
	14.15
	650.58
	439.03
	687.34
	750.99

	PS scheme
	
	4.27
	13.12
	5.16
	10.03
	22.63
	435.67
	312.42
	457.58
	510.75

	Baseline
	High
	10.46
	127.77
	4.83
	10.76
	691.39
	380.01
	37.21
	333.48
	705.39

	PS scheme
	
	10.44
	141.84
	5.09
	14.88
	795.92
	309.09
	34.60
	279.32
	577.77


[bookmark: _Ref102060122]Table 5. Power consumption performance under different loads with 2 UEs/cell
	
	Load
	BS power consumption
	UE power consumption

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

	Baseline
	Low load
	76.37
	73.50
	75.97
	80.08
	93.32
	91.50
	93.05
	95.87

	PS scheme
	
	37.08
	33.96
	36.82
	40.68
	93.17
	91.43
	92.97
	95.24

	PS gain
	
	51.44%
	53.80%
	51.53%
	49.21%
	0.16%
	0.07%
	0.09%
	0.66%

	Baseline
	Medium load
	105.63
	97.52
	104.49
	114.23
	107.37
	102.78
	106.52
	113.69

	PS scheme
	
	75.02
	64.21
	72.86
	88.70
	108.06
	103.02
	106.92
	116.53

	PS gain
	
	28.98%
	34.16%
	30.27%
	22.35%
	-0.65%
	-0.23%
	-0.38%
	-2.50%

	Baseline
	High load
	177.39
	152.07
	171.53
	201.02
	152.96
	128.79
	149.87
	174.62

	PS scheme
	
	162.94
	125.02
	162.08
	205.58
	153.67
	128.92
	153.17
	183.06

	PS gain
	
	8.15%
	17.78%
	5.51%
	-2.27%
	-0.46%
	-0.10%
	-2.20%
	-4.83%




[bookmark: _Ref101793169][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 2. SLS result curves for baseline and power saving scheme with 2 UEs/cell
10 UEs per cell
The system-level simulation results of baseline and power saving scheme with 10 UEs per cell are shown below. DL FTP3 traffic model with 0.5Mbytes packet size is assumed, and mean packet interval is configured as 200/100ms to simulate different traffic load, corresponding to medium/high load respectively, as shown in Table 6. And the SE, UPT and transmit latency performance at different loads are presented in Table 7. Then Table 8 gives the power consumption performance of the base station and UE under different loads. Figure 3 shows the variation of the UE average UPT and BS power saving gain with the load.
[bookmark: _Ref102060138]Table 6. Network resource utilization of different traffic loads with 10 UEs/cell
	Load
	Medium load
	High load

	RU
	33.8%
	74.4%


[bookmark: _Ref102060146]Table 7. SE, UPT and transmit latency performance under different loads with 10 UEs/cell
	
	Load
	SE (bit/s/Hz)
	Transmit latency (ms)
	UPT (Mbps)

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

	Baseline
	Medium
	5.35
	16.61
	4.42
	6.74
	39.60
	553.41
	364.90
	561.32
	718.15

	PS scheme
	
	5.35
	24.81
	5.02
	13.88
	56.94
	359.63
	226.14
	359.80
	492.46

	Baseline
	High
	10.78
	111.72
	4.68
	12.76
	665.43
	367.62
	117.20
	376.07
	605.54

	[bookmark: _Hlk101889030]PS scheme
	
	10.70
	117.71
	4.95
	17.53
	684.10
	311.87
	91.39
	313.64
	513.19


[bookmark: _Ref102060155]Table 8. Power consumption performance under different loads with 10 UEs/cell
	
	Load
	BS power consumption
	UE power consumption

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

	Baseline
	Medium load
	127.57
	105.09
	126.11
	152.68
	95.87
	92.48
	94.70
	102.72

	PS scheme
	
	100.88
	71.96
	97.81
	138.69
	96.97
	92.61
	95.82
	103.42

	PS gain
	
	20.92%
	31.53%
	22.44%
	9.16%
	-1.15%
	-0.14%
	-1.18%
	-0.69%

	Baseline
	High load
	204.20
	166.09
	203.67
	241.80
	114.19
	97.56
	111.10
	141.65

	PS scheme
	
	194.31
	143.84
	192.43
	243.70
	117.07
	97.92
	113.40
	143.79

	PS gain
	
	4.85%
	13.40%
	5.52%
	-0.78%
	-2.53%
	-0.37%
	-2.07%
	-1.51%




[bookmark: _Ref102060244]Figure 3. SLS result curves for baseline and power saving scheme with 10 UEs/cell
[bookmark: OLE_LINK33]From the above results, it can be observed that the average UE UPT and the corresponding BS power saving gain decreases as the load increases, both for the baseline and power saving schemes. Moreover, the UE power consumption of the BS power saving scheme will be increased compared with the baseline, but in any case, the impact of the BS power saving scheme on the UE power consumption is very small. In low load case, the UPT loss for BS power saving scheme compared to the baseline is larger than that in medium/high loads. The reason could be that in low load case, the BS can enter deep sleep mode due to the very sparse traffic arrival. Mostly, the traffic arrives during BS deep sleep mode. When traffic arrives, BS need a large transition time to wake up from deep sleep mode. This could lead to large latency and low resource efficiency. Therefore, some enhancements to ensure the system performance is needed when BS adopts sleep mode for power saving.
[bookmark: OLE_LINK25][bookmark: OLE_LINK26]For the case with 2 UEs per cell, when the RU is about 4.8%, the power saving scheme can obtain about 51.44% of the BS power saving gain, but the corresponding average UE UPT decreases from 733.81Mbps to 475.98Mbps, and the average packet transmit latency increases from 5.75ms to 9.40ms. When the RU reaches 60%, the power saving scheme can only obtain about 8.15% of the BS power saving gain, and the corresponding average UE UPT decreases from 380.01Mbps to 309.09Mbps, and the average packet transmit latency increases from 127.77ms to 141.84ms. 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. 
For the medium-load case with 10 UEs per cell, compared with the low-load case with 2 UEs per cell, the mean packet interval is the same for both cases, but the RU of the case with 10 UEs per cell is much larger than that of the case with 2 UEs per cell, reaching 33.8%, and the BS power saving gain is from 51.44% decreases to 20.92%. This is because, as the number of UEs per cell increases, it is more difficult to enter the sleep state and the sleep state is maintained for a shorter time for the base station.
[bookmark: OLE_LINK29][bookmark: OLE_LINK30][bookmark: OLE_LINK34]Although, 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 74.4%, the packet transmit latency at the 95% CDF point is 684.10ms, which is still much less than the typical delay bound of 8 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: _Ref102059978]Observation 1: For the case with 2 UEs per cell, when the RU is about 4.8%, the power saving scheme can obtain about 51.44% of the BS power saving gain.
[bookmark: _Ref102059979]Observation 2: For the case with 10 UEs per cell, when the RU is about 33.8%, the power saving scheme can obtain about 20.92% of the BS power saving gain.
[bookmark: _Ref102059980]Observation 3: As the load increases, the average UE UPT and the corresponding BS power saving gain decreases both for the baseline and power saving schemes.
[bookmark: _Ref102059982]Observation 4: Although the base station power saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
3. Evaluation of time domain scheme
[bookmark: OLE_LINK43][bookmark: OLE_LINK35][bookmark: OLE_LINK36][bookmark: OLE_LINK37]Power saving gain can be achieved if the base station can be turned off or goes to quasi-off sleep mode in the case of an empty load. The empty load in this evaluation means that no UE is camped on the cell. Currently in NR, it may be difficult for BS to be turned off or enter quasi-off sleep mode since there is no good mechanism to wake up the BS. Utilizing UE signals could be a good solution to wake up the turned-off or quasi-off sleep BS for those UEs that enter their coverage area to avoid coverage gaps. The procedure of UE wake-up and corresponding system-level simulation results are described in this section.
3.1. UE WUS scheme
Figure 4 depicts the processing mechanism of the UE WUS scheme. BS can turn off or go to quasi-off sleep mode when there are no UEs in its coverage area. When UE moves into the coverage area of a base station which is in quasi-off sleep state, UE will send a special signal to wake up the base station. The BS activate the dormant components after monitoring the wake-up signal to ensure good communication quality. A detailed description of the UE WUS scheme can be found in our companion’s contribution [4].


[bookmark: _Ref101800209]Figure 4. Schematic of UE wake-up signal waking up a turned-off or quasi-off sleep BS
[bookmark: OLE_LINK38][bookmark: OLE_LINK39][bookmark: OLE_LINK40]Compared to the BS energy consumption model in Section 2, a new power state, the quasi-off sleep state, is added to the evaluation of the UE WUS scheme. When no UE is in the coverage area, the BS deactivate some components into the quasi-off sleep state with a relative power of 0.25. When there is no data transmission or reception between the base station and the served UE, the BS is in an idle state with a relative power of 60. When there is data transmission between the served UE and BS over the PDSCH channel, the actual relative power value is scaled according to the frequency domain bandwidth during DL data transmission. The BS energy consumption model and BS energy consumption model of transition state are shown in Table 9 and Table 10.
[bookmark: _Ref101813286]Table 9. FR1 BS energy consumption model for UE WUS scheme
	Power state
	Quasi-off
	Deep
	Light
	Micro
	Idle
	SSB
	CSIRS
	SSB+CSIRS
	PDSCH

	Cell relative power
	0.25
	1
	20
	45
	60
	80
	80
	160
	300



[bookmark: _Ref101813294]Table 10. BS energy consumption model of transition state for UE WUS scheme 
	Sleep type
	Additional transition energy:
(Relative power x ms) 
	Total transition time 

	Quasi-off sleep
	15000
	600 ms

	Deep sleep 
	225
	10 ms 

	Light sleep 
	16.67
	1 ms 

	Micro sleep 
	0 
	0 ms* 

	*Immediate transition is assumed for power saving study purpose from or to a non-sleep state


3.2. Initial Simulation Results
[bookmark: OLE_LINK32]This section compares the performance of legacy BS and enhanced BS with UE WUS scheme in terms of throughput, power consumption, etc. The detailed simulation parameters can be found in Appendix A. The performances of the legacy BS and the enhanced BS with UE WUS scheme are evaluated using the same performance metrics as in the sleep mode evaluation in section 2, considering both the base station power performance and throughput performance metrics, as well as the impact of network energy savings on UE performance.
1 UE per cell
[bookmark: OLE_LINK46]The following two simulation cases are compared for 1 UE per cell, neither of which considers any UE power saving techniques. And the DL FTP3 traffic model with mean packet interval is configured as 200/50/20ms to simulate different traffic loads, corresponding to load/medium/high load respectively, as shown in Table 11. The uniform UE distribution is adopted and there is 1 UE camped on each cell at the beginning of the simulation.
· Baseline: legacy BS
· UE WUS scheme: enhanced BS with UE WUS scheme
[bookmark: OLE_LINK12]For the baseline case, the legacy base station does not enter any sleep state. When there is no data/signaling to send or no data/signaling to receive, the base station is in an idle state. The power consumption of the idle state is larger than micro sleep but smaller than other active states.
The system-level simulation results of baseline and UE WUS scheme with 1 UE per cell are shown below. And the SE, UPT and transmit latency performance at different loads are presented in Table 12. And Table 13 gives the power consumption performance of the base station and UE under different loads. Figure 5 shows the variation of the UE average UPT and BS power saving gain with the load.
[bookmark: _Ref101949251]Table 11. Network resource utilization of different traffic loads with 1 UE per cell
	Load
	Low load
	Medium load
	High load

	RU
	3.6%
	15%
	42%


[bookmark: _Ref101949375]Table 12. SE, UPT and transmit latency performance under different loads with 1 UE per cell
	
	Load
	SE (bit/s/Hz)
	Transmit latency (ms)
	UPT (Mbps)

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

	Baseline
	Low
	0.55
	5.61
	4.50
	5.21
	9.15
	744.14
	677.31
	753.00
	783.44

	UE WUS scheme
	
	0.55
	5.67
	4.51
	5.21
	8.91
	745.14
	666.32
	753.31
	783.81

	Baseline
	Medium
	2.14
	6.88
	4.53
	5.28
	11.51
	698.90
	609.45
	708.90
	764.92

	UE WUS scheme
	
	2.14
	6.97
	4.53
	5.29
	13.21
	690.20
	533.35
	704.40
	765.19

	Baseline
	High
	5.33
	40.52
	4.67
	6.95
	249.63
	516.86
	155.64
	543.05
	688.32

	UE WUS scheme
	
	5.33
	44.45
	4.69
	7.30
	280.65
	500.68
	191.14
	527.37
	705.13


[bookmark: _Ref101949391]Table 13. Power consumption performance under different loads with 1 UE per cell
	
	Load
	BS power consumption
	UE power consumption

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

	Baseline
	Low load
	64.72
	60.59
	64.39
	70.18
	93.35
	91.86
	93.34
	94.72

	UE WUS scheme
	
	47.50
	13.11
	49.86
	70.16
	93.30
	91.95
	93.27
	94.76

	PS gain
	
	26.60%
	78.37%
	22.55%
	0.02%
	0.05%
	-0.10%
	0.07%
	-0.04%

	Baseline
	Medium load
	78.85
	63.78
	77.32
	97.77
	106.32
	102.85
	105.78
	111.31

	UE WUS scheme
	
	61.86
	16.67
	61.95
	101.19
	107.14
	103.20
	106.19
	114.50

	PS gain
	
	21.55%
	73.87%
	19.88%
	-3.50%
	-0.77%
	-0.35%
	-0.39%
	-2.87%

	Baseline
	High load
	116.16
	72.30
	112.86
	176.21
	141.60
	128.26
	137.57
	172.23

	UE WUS scheme
	
	98.31
	22.45
	97.17
	178.32
	142.51
	127.42
	138.95
	166.28

	PS gain
	
	15.36%
	68.96%
	13.90%
	-1.20%
	-0.64%
	0.65%
	-1.00%
	3.45%




[bookmark: _Ref101949430][bookmark: OLE_LINK54][bookmark: OLE_LINK55]Figure 5. SLS result curves for baseline and UE WUS scheme with 1 UE per cell
[bookmark: OLE_LINK1][bookmark: OLE_LINK2][bookmark: OLE_LINK13]For the cases with 1 UE per cell, for both the baseline and UE WUS schemes, it can be observed that the average UE UPT decreases with increasing load, while the average packet transmit latency and the BS power consumption increase with increasing load. When the RU is about 3.6%, the power saving scheme can obtain about 26.6% of the BS power saving gain, but the average packet transmit latency increases slightly from 5.61ms to 5.67ms. When the RU reaches 42%, the UE WUS scheme could obtain about 15.36% of the BS power saving gain, and the average packet transmit latency increases from 40.52ms to 44.45ms. In addition, the UE WUS scheme has little impact on UE power consumption compared to the baseline. Overall, for the case with 1 UEs per cell, the UE WUS scheme has little impact on UE performance and can ensure less UPT degradation while saving the BS energy consumption.
[bookmark: _Ref102144678][bookmark: OLE_LINK53][bookmark: OLE_LINK64]Observation 5: For the case with 1 UE per cell, when the RU is about 3.6%, the UE WUS scheme can obtain about 26.6% of the BS power saving gain.
[bookmark: _Ref102144679]Observation 6: For the case with 1 UE per cell, when the RU is about 15%, the UE WUS scheme can obtain about 21.55% of the BS power saving gain.
[bookmark: _Ref102144680]Observation 7: For the case with 1 UE per cell, when the RU is about 42%, the UE WUS scheme can obtain about 15.36% of the BS power saving gain.
10 UEs per cell
[bookmark: OLE_LINK44][bookmark: OLE_LINK47][bookmark: OLE_LINK31][bookmark: OLE_LINK45][bookmark: OLE_LINK48]The following three simulation cases are compared for 10 UEs per cell, neither of which considers any UE power saving techniques. And the DL FTP3 traffic model with an average packet interval of 200ms is considered. In addition, the non-uniform UE distribution is adopted, two-third of the cells had no UE camped at the beginning of the simulation.
· [bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Baseline 1: legacy BS, where all cells are always in the on state during the whole simulation time.
· Baseline 2: legacy BS, where the cells without UEs camped at the beginning of the simulation is always in the off state during the whole simulation time.
· UE WUS scheme: enhanced BS with UE WUS scheme, where the cells without UEs camped are turned off at the beginning of the simulation, and the UE can activate these cells using a wake-up signal in the simulation. 
The simulation results of legacy BS and enhanced BS with UE WUS scheme with 10 UEs per cell are shown below. The RU, UPT and transmit latency performance with 10 UEs per cell are presented in Table 14. And Table 15 gives the power consumption performance of the BS and UE. 
[bookmark: _Ref101949203]Table 14. RU, UPT and transmit latency performance with 10 UEs/cell
	
	RU
	Transmit latency (ms)
	UPT (Mbps)

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

	[bookmark: OLE_LINK51]Baseline 1
	12.6%
	6.20
	5.17
	5.96
	8.12
	719.42
	605.54
	726.72
	791.27

	Baseline 2
	23.9%
	7.10
	5.54
	6.56
	10.47
	670.08
	518.58
	687.56
	758.71

	UE WUS scheme
	15.8%
	6.44
	5.28
	6.08
	8.97
	707.94
	602.48
	718.07
	785.90


[bookmark: _Ref102144818]Table 15. Power consumption performance with 10 UEs/cell
	
	BS power consumption
	UE power consumption

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

	Baseline 1
	76.29
	1.00
	76.28
	101.99
	93.26
	91.73
	93.17
	95.09

	Baseline 2
	37.28
	1.00
	1.00
	118.06
	93.30
	91.62
	93.01
	95.44

	UE WUS scheme
	56.34
	1.00
	49.21
	106.91
	93.29
	91.85
	93.14
	94.76



[bookmark: _Ref102143622]Figure 6. SLS result curves for baseline and UE WUS scheme with 10 UEs per cell
20 UEs per cell
[bookmark: OLE_LINK66]The simulation cases and simulation assumptions are similar to that of 10 UEs per cell. The only difference is that the number of UEs per cell increases from 10 to 20. The simulation results of legacy BS and enhanced BS with UE WUS scheme with 20 UEs per cell are shown below. The RU, UPT and transmit latency performance with 20 UEs per cell are presented in Table 16. And Table 17 gives the power consumption performance of the BS and UE. 
[bookmark: _Ref102303289]Table 16. RU, UPT and transmit latency performance with 20 UEs/cell
	
	RU
	Transmit latency (ms)
	UPT (Mbps)

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

	Baseline 1
	26.7%
	11.79
	5.96
	8.16
	24.97
	600.50
	428.88
	614.92
	734.28

	Baseline 2
	53.4%
	13.82
	6.84
	10.55
	30.33
	526.41
	348.98
	535.71
	672.35

	UE WUS scheme
	33.6%
	12.10
	6.04
	8.56
	19.71
	594.70
	429.04
	604.76
	719.23


[bookmark: _Ref102303296]Table 17. Power consumption performance with 20 UEs/cell
	
	BS power consumption
	UE power consumption

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

	Baseline 1
	98.62
	68.06
	86.66
	148.77
	94.00
	92.16
	93.58
	96.75

	Baseline 2
	55.49
	1.00
	1.00
	181.39
	94.49
	91.81
	93.64
	98.99

	UE WUS scheme
	76.84
	1.00
	70.20
	147.94
	94.16
	92.15
	93.78
	97.31



Figure 7. SLS result curves for baseline and UE WUS scheme with 20 UEs per cell
[bookmark: OLE_LINK67][bookmark: OLE_LINK68][bookmark: OLE_LINK56][bookmark: OLE_LINK57][bookmark: OLE_LINK58]For the cases with 10 UEs per cell or 20 UEs per cell, it can be observed that, baseline 1 has the highest average UE UPT and the lowest average packet transmit latency, but the largest average BS power consumption, this is because all cells during the simulation are always in the on state, and the UE could always camp on the cell with the best performance after moving, but this also leads to a relatively large BS power consumption. The baseline 2 has the lowest average BS power consumption, but the lowest average UE UPT and the largest average packet transmit latency, which is because one-third of the cells during the simulation is always in the off state with no energy consumption, and the UE moves into their coverage area without serving the UE. While the performance metrics of the UE WUS scheme lie in between, when the UE moves into the coverage area of the cell with the off state and the RSRP between the UE and its serving cell becomes worse, it sends a wake-up signal to wake up the cell in the off state to serve it. In addition, the difference in average UE power consumption of the three cases is very small.
[bookmark: OLE_LINK65][bookmark: _Hlk102302319][bookmark: OLE_LINK61][bookmark: OLE_LINK62]The above results with 10 UEs per cell show that, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 76.29 to 56.34, about 26.16% BS power consumption gain could be obtained, while the average UE UPT decreases from 719.42Mbps to 707.94Mbps, only loses 1.6%. Compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 37.28 to 56.34 which is still much smaller than that of baseline 1, but the average UE UPT also increases, from 670.08 Mbps to 707.94Mbps. 
The above results with 20 UEs per cell show that, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 98.62 to 76.84, about 22.09% BS power consumption gain could be obtained, while the average UE UPT decreases from 600.5Mbps to 594.7Mbps, only loses 0.97%. Compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 55.49 to 76.84 which is still much smaller than that of baseline 1, but the average UE UPT also increases, from 526.41Mbps to 594.7Mbps.
[bookmark: _Ref102144681][bookmark: OLE_LINK63]Observation 8: For the case with 10 UEs per cell, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 76.29 to 56.34, while the average UE UPT only loses 1.6%.
[bookmark: _Ref102144682]Observation 9: For the case with 10 UEs per cell, compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 37.28 to 56.34, but the average UE UPT also increases from 670.08 Mbps to 707.94Mbps.
[bookmark: _Ref102305034]Observation 10: Compared to the baseline 1 scheme, the UE WUS scheme can obtain about 26.16% BS power consumption gain with 10 UEs per cell.
[bookmark: _Ref102305035]Observation 11: For the case with 20 UEs per cell, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 98.62 to 76.84, while the average UE UPT only loses 0.97%.
[bookmark: _Ref102305036]Observation 12: For the case with 20 UEs per cell, compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 55.49 to 76.84, but the average UE UPT also increases from 526.41 Mbps to 594.7Mbps.
[bookmark: _Ref102305038]Observation 13: Compared to the baseline 1 scheme, the UE WUS scheme can obtain about 22.09% BS power consumption gain with 20 UEs per cell.
4. Conclusion
In this contribution, we provide our initial simulation results on NW energy saving with the following observations:
Observation 1: For the case with 2 UEs per cell, when the RU is about 4.8%, the power saving scheme can obtain about 51.44% of the BS power saving gain.
Observation 2: For the case with 10 UEs per cell, when the RU is about 33.8%, the power saving scheme can obtain about 20.92% of the BS power saving gain.
Observation 3: As the load increases, the average UE UPT and the corresponding BS power saving gain decreases both for the baseline and power saving schemes.
Observation 4: Although the base station power saving scheme increases the packet transmit latency, it is still much smaller than the typical delay bound corresponding to FTP3 traffic.
Observation 5: For the case with 1 UE per cell, when the RU is about 3.6%, the UE WUS scheme can obtain about 26.6% of the BS power saving gain.
Observation 6: For the case with 1 UE per cell, when the RU is about 15%, the UE WUS scheme can obtain about 21.55% of the BS power saving gain.
Observation 7: For the case with 1 UE per cell, when the RU is about 42%, the UE WUS scheme can obtain about 15.36% of the BS power saving gain. 
Observation 8: For the case with 10 UEs per cell, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 76.29 to 56.34, while the average UE UPT only loses 1.6%.
Observation 9: For the case with 10 UEs per cell, compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 37.28 to 56.34, but the average UE UPT also increases from 670.08 Mbps to 707.94Mbps.
Observation 10: Compared to the baseline 1 scheme, the UE WUS scheme can obtain about 26.16% BS power consumption gain with 10 UEs per cell.
Observation 11: For the case with 20 UEs per cell, compared to baseline 1, the average BS power consumption of the UE WUS scheme decreases from 98.62 to 76.84, while the average UE UPT only loses 0.97%.
Observation 12: For the case with 20 UEs per cell, compared to baseline 2, the average BS power consumption of the UE WUS scheme increases from 55.49 to 76.84, but the average UE UPT also increases from 526.41 Mbps to 594.7Mbps.
Observation 13: Compared to the baseline 1 scheme, the UE WUS scheme can obtain about 22.09% BS power consumption gain with 20 UEs per cell.
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Appendix A – Simulation assumptions
[bookmark: _Ref1208685]Table I. Simulation assumption for FR1 Dense Urban scenario
	Parameter
	value

	Scenarios
	Dense Urban
hexagonal layout with 7, 3 Sectors

	Channel model
	Uma

	Inter-BS distance
	200m

	Carrier frequency
	4GHz

	Bandwidth 
	100 MHz, 1.72% 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)
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,1/2,2,1,1;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
	51dBm (44 dBm per 20 MHz), 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
	12 degrees

	BS receiver
	MMSE-IRC

	UE receiver
	MMSE-IRC

	Channel estimation
	Realistic

	Target BLER
	10%

	UE distribution
	For evaluation of enhanced BS with sleep mode:
20% outdoor (30km/h), 80% indoor (3km/h)
For evaluation of enhanced BS with UE WUS:
100% outdoor (60km/h)



Average UE UPT (Mbps) and BS power saving gain  
Baseline	
low load	medium load	high load	733.81	650.58000000000004	380.01	PS scheme	
low load	medium load	high load	475.98	435.67	309.08999999999997	PS gain	
low load	medium load	high load	0.5144361699117469	0.28981015810129224	8.1470938861563702E-2	




Average UE UPT (Mbps) and BS power saving gain  
Baseline	
medium load	high load	553.40577336097931	367.62046650431432	PS scheme	
medium load	high load	359.63204963329451	311.86796630496377	PS gain	
low load	medium load	high load	0.20920707490628193	4.8453270655088157E-2	




Average UE UPT (Mbps) and BS power gain  

Baseline	
low load	medium load	high load	744.14	698.9	516.86	UE-WUS scheme	
low load	medium load	high load	744.13	690.19	500.68	PS gain	
low load	medium load	high load	0.26600097214330748	0.21550312694797116	0.15360805825861806	




Average UPT loss(%) and BS power consumption (per slot)  
BS power consumption	Baseline 1	Baseline 2	UE WUS	76.290054285714291	37.27939523809524	56.335581904761902	UPT loss%	Baseline 1	Baseline 2	UE WUS	0	6.8583080947891492E-2	1.5956884131118884E-2	



Average UPT loss(%) and BS power consumption (per slot)  
BS power consumption	Baseline 1	Baseline 2	UE WUS	98.621667619999997	55.491161904761903	76.839011619047611	UPT loss%	Baseline 1	Baseline 2	UE WUS	0	0.12337517193105679	9.6615663454203277E-3	
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