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Introduction
[bookmark: _Hlk66110521]The following objective has been agreed upon for the new study on network energy savings in Rel-18 [1].
	RP-213554, New SI-Study on network energy savings for NR, Huawei
Definition of a base station energy consumption model [RAN1]
· adapt the framework of the energy consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc.), sleep states and the associated transition times, and one or more reference parameters/configurations.


This contribution provides our views on the evaluation methodology for the above objective, including BS energy-consumption models, evaluation assumptions, and performance metrics.
Background
Network energy savings aim to reduce the energy cost on mobile networks, which accounts for 23% of the total operator cost (OPEX).
In Rel-17, some studies and work items have energy-saving solutions for idle and low load scenarios. The enhancements focus on traffic off-loading operation and specify interaction among the gNB nodes and the core NW, for example,  the solutions in TS 28.310 and TR 37.817.
· TS 28.310, Energy efficiency of 5G, introduces cell activation/deactivation procedures based on monitoring traffic load between a capacity booster cell and its candidate cells. The scenario assumes the capacity booster cell is wholly or partially in the candidate cells. In this case, the capacity booster cell can activate or deactivate an energy-saving state (ES) based on the load of the related cells. The activation and deactivation can be autonomously or controlled by the core NW.
· TR 37.817, the study on enhancement for Data Collection for NR and EN-DC, provides AL/ML-based enhancement based on predicting the traffic load. The objective is to prevent wrong traffic off-load actions, e.g., cell deactivation, that may deteriorate energy efficiency instead of an improvement. The capacity booster cell may have the AI/ML module that may use UE location and measurement report as input to generate output as the handover strategy.
However, Rel-17 works mainly focus on traffic off-load via cell deactivation. Discussions on 1) Network energy savings in the presence of active UEs in the cell and 2) cooperation with UE are missing. In Rel-18, we suggest the study/work can focus on the above two missing aspects.
[bookmark: _Toc102146335]Rel-17 WID and SID mainly focus on network energy savings via cell deactivation and cooperation between gNBs. Rel-18 can instead focus on 1) network energy savings in the presence of active UEs in the cell, and 2) cooperation between gNB and UE
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Figure 1: a capacity booster cell overlays wholly or partially on the candidate cells.
BS Energy Consumption Model
Energy States
A paper [2] defines base station (BS) sleep modes by how many energy-draining elements a BS shuts down. A BS gradually deactivates these energy-draining elements with no data activity. Once the data comes, the BS slowly activates the components. There are more energy savings as the BS turns off more of these elements. However, it may take more time for the BS to turn them on gradually.
In TR 38.840 [3], there are energy-saving states for the UE energy consumption model, e.g., Micro Sleep, Light Sleep, Deep Sleep, PDCCH +PDSCH, SSB, or CSI-RS proc. Also, there are reference configurations, relative energy values, and total transition time between sleep types.
In Rel-18, as a starting point, we suggest leveraging TR 38.840, at least including Micro Sleep, Light Sleep, Deep Sleep, DL transmission, and RS only transmission.
Table 1 can serve as a template for the BS energy model. Our template consists of these five energy states and the corresponding energy consumptions with the values calculated based on the paper [2] and the reference configuration below.
Reference configuration for FR1
· 4x4 MIMO Macro BS
· Number of carriers: 1CC
· System bandwidth: 100MHz
· Tx energy: 49 dBm
· Fully loaded at data transmission
[bookmark: _Ref92375782][bookmark: _Toc95403810][bookmark: _Toc102146336]Include Micro Sleep, Light Sleep, Deep Sleep, DL transmission, and RS only transmission for the BS energy consumption model.
[bookmark: _Ref91671400]Table 1: Suggested BS energy model
	Energy State
	Characteristics
	Relative Energy 

	Sleep 
	 Deep Sleep
	Enter if the time interval staying in Light Sleep is larger than the required idle time. It also requires additional transition time from/to Light Sleep.
	[1]

	
	 Light Sleep

	Enter if the time interval staying in Micro Sleep is larger than the required idle time. It also requires additional transition time from/to Micro Sleep.
	[2]

	
	 Micro Sleep
	Assume immediate transition from or to a non-sleep state
	[10]

	Active
	RS only transmission
	RS transmission, including SSB or CSI-RS/TRS. 
	[100]

	
	DL transmission
	Assume DL transmission with 100 MHz bandwidth. 
	[250]


BS Sleep State Machine (BSSM)
A state machine [4] shows how a BS turns off its energy-draining elements in order. Figure 2 is an example. 
If a BS gets an idle chance without traffic, the BS triggers Micro Sleep immediately. In Micro Sleep, the BS may start Light Sleep after staying the idle time . The way to Light Sleep takes additional transition time . Therefore, the total transition time from Micro Sleep to Light Sleep is   The transition from Light Sleep to Deep Sleep is the same. It will take the total transition time .
If a BS gets new traffic, the BS triggers the ACTIVE procedure. If the BS is in Deep Sleep, the way from Deep Sleep to Light Sleep takes  and additional transition time to Micro Sleep takes . Therefore, the total transition time is  from Deep Sleep to ACTIVE. It becomes a latency penalty for energy savings. 
Table 2 provides our suggested idle time and transition time for the state machine.
[bookmark: _Ref91583292]Table 2: The transition threshold and delay in the gNB energy state machine
	Sleep Mode
	Idle-time threshold,  [ms]
	Transition delay,  [ms] 

	Micro Sleep (SM 1)
	-
	-

	Light Sleep (SM 2)
	1
	1

	Deep Sleep (SM 3)
	10
	9


The state machine with the idle time may prevent deep and frequent transients between different modes, leading to large temperature gradients in the hardware components, increasing their failure rates, thus augmenting the maintenance costs to fix or replace the BS [5]. For UE, the idle time may prevent delay and a UPT drop.
[bookmark: _Toc102146337]Include a state machine for the transition between BS energy states, including idle and transition time intervals.
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[bookmark: _Ref91583167]Figure 2: the state machine for energy states
BS UL energy consumption model
For the active state, companies could define the power consumption for DL and UL separately. However, we found that the DL dominates BS energy consumption. For example, the power amplifier, transceivers, and cables have been identified as the largest energy consumer, typically using about 65% of BS energy [5]. 
Also, any interaction between the DL and UL sleep modes would complicate the BS energy model. For example, it may need discussions about whether a UL reception should stop a DL sleep mode or whether a DL sleep mode implies BS turning off UL hardware components. 
[bookmark: _Toc102146338]Consider the power consumption for DL and UL are defined separately. FFS whether to prioritize DL energy savings. 
Energy Consumption Scaling 
The BS energy consumption scaling aims to adapt different BS types and configurations. For example, when another BS has a different setting, e.g., using a 20Mhz BW rather than 100Mhz, it can adjust the relative energy by the BS energy model in Table 1 and the BS energy scaling factors in Table 3.
For the power consumption of a power amplifier (PA), no explicit modeling is present for the power back-off and the PA efficiency. We prefer leaving this PA evaluation to RAN4, considering no RAN1 spec impact on EVM. 
[bookmark: _Ref92375788][bookmark: _Toc95403812][bookmark: _Toc102146339]Include resource utilization (RU), the TX antenna number (TxRU), the carrier component number (CC), and transmission power in the BS energy consumption scaling.
[bookmark: _Ref92098895]Table 3: BS energy consumption scaling for FR1
	Scaling
	Proposal

	Comment

	Resource utilization 
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, 100, and 200.
	Analogous to TR 38.840

	Carrier aggregation
	Scaling of X CC = 1.7 * X/2 * 1CC. For example, 2CC is 1.7 * 1CC, 4CC is 3.4 * 1CC, and 32 CC is 27.7 * 1CC. 
	

	TxRU scaling
	Scaling of X TxRU is 0.1 + 0.9 * X/64, for X = 1, …, 64. Assume the total TxRU is 64 and 90% power on the active antenna system. 
	Assume linear scaling between the max load and the idle. 

	Power scaling
	Scaling X w.r.t. gNB coverage/ISD. X = 1 if ISD  500, X = 0.8 if ISD200, and X = 1 otherwise.
	Adapt to different BS types/ISD


[bookmark: _Toc102146340]More complicated power/PA scaling should be studied in RAN4.
Simulation Assumptions
Deployment Scenarios
The SID includes four example scenarios: 1) Urban micro in FR1, including TDD massive MIMO, 2) FR2 beam-based scenarios, 3) Urban/Rural macro in FR1 with/without DSS, and 4) EN-DC/NR-DC macro with FDD PCell and TDD/Massive MIMO on higher FR1/FR2 frequency. Thus, the system assumptions should capture a wide range of antenna elements and transmit energy settings for FR1 and FR2.  
Dense Urban (reuse system assumptions in TR 38.840) with 64 TxRU can be a baseline to evaluate Massive MIMO and Marco scenarios. Also, Dense Urban as an interference-limited environment contains UEs with various SINR conditions with low speed [6], which could help the performance evaluations.
[bookmark: _Ref92375794][bookmark: _Toc95403815][bookmark: _Toc102146341]Use as least Dense Urban for FR1 in TR 38.840 as one reference setting for the evaluations.
[bookmark: _Ref92103700]Table 4: System assumptions for Dense Urban in FR1
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Table 5: System assumptions for Dense Urban in FR2
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Performance Metrics
The SID includes targets for evaluating system-level network energy consumption and energy savings gains. Also, the SID aims to balance the impact on network and user performance. For example, spectral efficiency, capacity, user-perceived throughput (UPT), latency, handover performance, call drop rate, initial access performance, service level agreement (SLA) assurance related KPIs, energy efficiency, UE power consumption, and complexity.
The system-level NW energy consumption could evaluate a cell, a BS, or multiple BS power consumption in relative power. The baseline evaluation should include BSSM to compare with R18 NW energy-saving schemes. For example, a performance comparison between the legacy and enhanced DRX should include BSSM for both methods.
The balance of network and user performance should at least include average UE power consumption, latency, call drop rate, and handover performance.
[bookmark: _Toc102146342]Include UE power consumption, latency, call drop rate, and handover performance to balance the network and user performance.
[bookmark: _Toc102146343]Include BSSM in the baseline to evaluate R18 NW energy-saving schemes.
Traffic Models
TR 38.840 includes many applications with the traffic model to evaluate the UE energy saving scheme, especially FTP, instant messaging (IM), and VoIP have the traffic model and DRX configurations. 
Since the BS activity is highly related to UE traffic, it is reasonable to evaluate the BS energy consumption under different traffic models. FTP, IM, and VoIP applications can be a reference as a starting point.
[bookmark: _Ref92375803][bookmark: _Toc95403817][bookmark: _Toc102146344]Apply FTP, IM, and VoIP traffic models in TR 38.840 for active UEs in the evaluations. FFS whether/how to apply updated DRX settings in Rel-17 UE power saving enhancement.
[bookmark: _Ref92103811][bookmark: _Hlk102146744][bookmark: _Hlk100767498]Table 6: Traffic models and the parameters (reuse TR 38.840)
	Traffic type
	FTP 
	IM
	VoIP
	Notes

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.
	Reuse TR 38.840

	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
	


Misc. Assumptions
The study should include basic UE power-saving techniques, for example, C-DRX, since UE power saving is part of the evaluation measures. C-DRC is the most common UE power saving technique and should be the baseline. Other UE power-saving schemes, such as wake-up signals, can optionally be evaluated.
[bookmark: _Ref92375809][bookmark: _Toc95403819][bookmark: _Toc102146345]Include C-DRX in TR 38.840 or Rel-17 updates in the baseline evaluation for the Rel-18 study.
SSB and SIB1 are the always-on signals that impede the BS from entering sleep mode and thus should be considered in the evaluation. Since UE assumes half-frames with SSB occur with a periodicity of 2 frames for initial cell selection, we propose the SSB period of 20ms as a reference.
[bookmark: _Ref92375805][bookmark: _Toc95403818][bookmark: _Toc102146346]Include the SSB transmission with a period of 20ms in the baseline evaluation.
The SID would prioritize low/medium load scenarios. Thus, we assume that users per cell are 10 for FTP and 40 for IM and VoIP. These numbers will achieve the low and medium load scenarios. However, companies may have different assumptions leading to difficulty in calibration.   
[bookmark: _Toc102146347]Include the UE number per cell in the baseline evaluation.
Evaluation Metrics 
This section provides reference results for calibration. Our evaluation metrics are BS energy consumption, UE energy consumption, average packet latency, and resource utilization.
Cases
· Case 1: no BSSM
· Case 2: with BSSM
SSB/C-DRX settings
· SSB period: 20ms
· C-DRX offset: random values with 5ms granularity 
· C-DRX period and inactive timer: based on traffic models in Table 6
Table 7 shows the benefits of BSSM for low/medium traffic loads. For IM, BSSM saves 55.57% power consumption and has little UE impact on power consumption and latency.  
[bookmark: _Ref100768220][bookmark: _Ref100768217]Table 7: Simulation for Case 1 and Case 2 in FR1 with Dense Urban deployment (with C-DRX)
	Traffic type
	FTP
	IM
	VoIP

	
	
	BSSM
	
	BSSM
	
	BSSM

	BS energy consumption (/ms)
	82.0793
	70.1553
	31.5681
	14.0248
	34.8298
	29.4319

	BS energy saving gain
	n/a
	14.53%
	n/a
	55.57%
	n/a
	15.50%

	UE energy consumption (/ms)
	52.13
	52.1
	11.61
	11.61
	40.67
	40.66

	UE energy saving gain
	n/a
	0.06%
	n/a
	0.00%
	n/a
	0.02%

	Average packet latency (ms)
	49.7
	50.24
	140.27
	140.29
	11.93
	12.11

	Average latency increment
	n/a
	1.09%
	n/a
	0.01%
	n/a
	1.51%

	RU
	30.16
	30.15
	1.59
	1.59
	0.21
	0.21

	RU increment
	n/a
	-0.03%
	n/a
	0.00%
	n/a
	0.00%


Conclusion
In this contribution, we have the following proposals.
1. Rel-17 WID and SID mainly focus on network energy savings via cell deactivation and cooperation between gNBs. Rel-18 can instead focus on 1) network energy savings in the presence of active UEs in the cell, and 2) cooperation between gNB and UE
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Figure 1: a capacity booster cell overlays wholly or partially on the candidate cells.
Include Micro Sleep, Light Sleep, Deep Sleep, DL transmission, and RS only transmission for the BS energy consumption model.
Table 1: Suggested BS energy model
	Energy State
	Characteristics
	Relative Energy 

	Sleep 
	 Deep Sleep
	Enter if the time interval staying in Light Sleep is larger than the required idle time. It also requires additional transition time from/to Light Sleep.
	[1]

	
	 Light Sleep

	Enter if the time interval staying in Micro Sleep is larger than the required idle time. It also requires additional transition time from/to Micro Sleep.
	[2]

	
	 Micro Sleep
	Assume immediate transition from or to a non-sleep state
	[10]

	Active
	RS only transmission
	RS transmission, including SSB or CSI-RS/TRS. 
	[100]

	
	DL transmission
	Assume DL transmission with 100 MHz bandwidth. 
	[250]


Include a state machine for the transition between BS energy states, including idle and transition time intervals.
[image: Diagram
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Figure 2: the state machine for energy states
Consider the power consumption for DL and UL are defined separately. FFS whether to prioritize DL energy savings. 
Include resource utilization (RU), the TX antenna number (TxRU), the carrier component number (CC), and transmission power in the BS energy consumption scaling.
Table 3: BS energy consumption scaling for FR1
	Scaling
	Proposal

	Comment

	Resource utilization 
	Scaling of X MHz = 0.4 + 0.6 * (X - 20) / 80. Linear interpolation for intermediate bandwidths. Valid only for X = 10, 20, 40, 80, 100, and 200.
	Analogous to TR 38.840

	Carrier aggregation
	Scaling of X CC = 1.7 * X/2 * 1CC. For example, 2CC is 1.7 * 1CC, 4CC is 3.4 * 1CC, and 32 CC is 27.7 * 1CC. 
	

	TxRU scaling
	Scaling of X TxRU is 0.1 + 0.9 * X/64, for X = 1, …, 64. Assume the total TxRU is 64 and 90% power on the active antenna system. 
	Assume linear scaling between the max load and the idle. 

	Power scaling
	Scaling X w.r.t. gNB coverage/ISD. X = 1 if ISD  500, X = 0.8 if ISD200, and X = 1 otherwise.
	Adapt to different BS types/ISD


More complicated power/PA scaling should be studied in RAN4.
Use as least Dense Urban for FR1 in TR 38.840 as one reference setting for the evaluations.
Include UE power consumption, latency, call drop rate, and handover performance to balance the network and user performance.
Table 7: Simulation for Case 1 and Case 2 in FR1 with Dense Urban deployment (with C-DRX)
	Traffic type
	FTP
	IM
	VoIP

	
	
	BSSM
	
	BSSM
	
	BSSM

	BS energy consumption (/ms)
	82.0793
	70.1553
	31.5681
	14.0248
	34.8298
	29.4319

	BS energy saving gain
	n/a
	14.53%
	n/a
	55.57%
	n/a
	15.50%

	UE energy consumption (/ms)
	52.13
	52.1
	11.61
	11.61
	40.67
	40.66

	UE energy saving gain
	n/a
	0.06%
	n/a
	0.00%
	n/a
	0.02%

	Average packet latency (ms)
	49.7
	50.24
	140.27
	140.29
	11.93
	12.11

	Average latency increment
	n/a
	1.09%
	n/a
	0.01%
	n/a
	1.51%

	RU
	30.16
	30.15
	1.59
	1.59
	0.21
	0.21

	RU increment
	n/a
	-0.03%
	n/a
	0.00%
	n/a
	0.00%


Include BSSM in the baseline to evaluate R18 NW energy-saving schemes.
Apply FTP, IM, and VoIP traffic models in TR 38.840 for active UEs in the evaluations. FFS whether/how to apply updated DRX settings in Rel-17 UE power saving enhancement.
Table 6: Traffic models and the parameters (reuse TR 38.840)
	Traffic type
	FTP 
	IM
	VoIP
	Notes

	Model
	FTP model 3
	FTP model 3
	As defined in R1-070674.
Assume max two packets bundled.
	Reuse TR 38.840

	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
	


Include C-DRX in TR 38.840 or Rel-17 updates in the baseline evaluation for the Rel-18 study.
Include the SSB transmission with a period of 20ms in the baseline evaluation.
Include the UE number per cell in the baseline evaluation.
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[bookmark: _Ref100666919][bookmark: _Ref525042504][bookmark: _Ref91691643]López-Pérez, David, et al. "A Survey on 5G Radio Access Network Energy Efficiency: Massive MIMO, Lean Carrier Design, Sleep Modes, and Machine Learning." IEEE Communications Surveys & Tutorials (2022).
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