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Introduction
In previous 3GPP RAN1 meetings, some agreements related to network energy consumption model and evaluation methodology were reached [1][2][3].
Based on the agreements, the evaluation for network energy saving techniques in time domain, frequency domain, spatial domain and power domain can be performed. In this contribution, the system-level simulation results based on the network power model, evaluation methodology are provided. 

System-level simulation results
Network energy saving is important for the development of a sustainable and green communication system, and reduction of the operation expense. In addition to network energy saving gain, other KPIs such as UPT and other impacts of different network energy savings techniques in targeted deployment scenarios should also be evaluated. 
In this contribution, the system-level simulation results for network energy saving techniques in time domain, frequency domain, spatial domain and power domain are provided and summarized. The relative power of the power states and simulation assumptions used in this contribution can be found in Table A1 - Table A3 in Appendix.
Time-domain based energy saving techniques
In 3GPP RAN1 #110b-e meeting, the time-domain based network energy saving techniques, such as common signals and channels adaptation, adaptation of DTX/DRX and gNB wake up signal (WUS), were discussed. In this section, simulation results of time-domain based energy saving techniques are given. The simulation assumptions are provided in the Appendix. The detailed discussion about energy saving techniques can be found in our companion contribution [4].
· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
When the network enters into an energy saving state with eliminated DL common signal/channel transmission, the user experience may be impacted. In this case, WUS can be introduced to ensure immediate response/service by the network and minimize the impact on user experience. In this section, the evaluation results of WUS are provided. The traffic model, load scenario and details of baseline and enhanced energy saving techniques are listed as follows. 
· UE’s traffic: FTP3 traffic.
· Baseline: TDD, cell is in a normal state with SSB/SIB periodicity {20ms/40ms} and UE mobility is considered.
· Enhanced scheme: When no UE is camped on a cell, the cell is in energy saving mode. Otherwise, the cell is in normal mode. When UE moves to an energy saving mode cell, the UE sends a WUS to gNB in WUS occasion. Then gNB resumes SSB/SIB1 transmission.
· Energy saving mode: no SSB/SIB1 transmission.
· Normal mode: SSB/SIB1 periodicity=20ms/40ms.
· WUS period: 20ms, 80ms, or 160ms.
With the simulation assumptions provided above, the simulation results of network energy savings gain and average UPT loss for Cell WUS under different resource utilization are shown in Figure 1.  
	
	


Figure 1 Simulation results of Cell WUS scheme with Cat1 and Cat2 power model
[bookmark: _Toc22508][bookmark: _Toc19210]Cell WUS scheme can obtain 7.4%~23.8% and 6.2%~6.5% energy saving gain for TDD with Cat1 and Cat2 power model respectively with 0.66%~5.04% UPT loss in the cases of low load scenario.  
[bookmark: _Toc7404][bookmark: _Toc28378]Cell WUS scheme can obtain 4.9%~15.5% and 4.5%~4.7% energy saving gain for TDD with Cat1 and Cat2 power model respectively with 0.11%~0.86% UPT loss in the cases of light load scenario.  
[bookmark: _Toc30004][bookmark: _Toc211]The following observations for cell WUS are concluded:
· [bookmark: _Toc29872][bookmark: _Toc17368]Energy saving gain for cell WUS increases with the increase of WUS period;
· [bookmark: _Toc8883][bookmark: _Toc31850]Cell WUS can achieve a tradeoff between network energy saving gain and system performance
[bookmark: _Toc31821][bookmark: _Toc14345][bookmark: _Toc11521]Cell WUS can be considered for network energy saving.

· Technique #A-4: Adaptation of DTX/DRX
In this technique, the CDRX configurations of different UEs are aligned to aim to provide longer inactive period for network energy saving. In this section, the energy saving gain and UPU impact of DRX alignment are evaluated. The traffic model, load scenario and details of baseline and enhanced energy saving techniques are listed as follows.
· UE’s traffic: FTP3 traffic.
· Baseline: TDD, UE-specific DRX configuration.
· Enhanced scheme: TDD, UE DRX alignment in a cell.
With the simulation assumptions provided above, the simulation results of network energy savings gain and average UPT loss for DTX/DRX adaptation under different resource utilization are shown in Figure 2. 
	
	
	


Figure 2 Simulation results of DRX alignment scheme with Cat1 and Cat2 power model
It is observed that the DRX alignment can obtain 0.3%~0.9% and 0.2%~0.4% energy saving gain with 1.3%~5% UPT loss with Cat1 and Cat2 power model respectively for TDD in the cases of low load scenario. It can be also observed that the unfinished packet ratio of DRX alignment scheme is increased relative to UE-specific DRX scheme.
Since the packet size of FTP3 traffic is larger, if the DRX offsets among different UEs are staggered, gNB can schedule sufficient resources for the UEs in the corresponding Onduration. However, for the DRX alignment, network has to schedule multiple UEs simultaneously, network has to split the limited resources among the to-be-scheduled UEs by PF scheduler. As a result, the scheduling time duration is extended in each Onduration from network perspective. Therefore, the energy saving gain is marginal.
[bookmark: _Toc755][bookmark: _Toc18566]For FTP3 traffic, DRX alignment can obtain 0.3%~0.9% and 0.2%~0.4% energy saving gain with 1.3%~5% UPT loss with Cat1 and Cat2 power model respectively for TDD in the cases of low load scenario.  
[bookmark: _Toc5197][bookmark: _Toc21161]Energy saving gain of DRX alignment is marginal for FTP3 traffic.

· Technique #A-6 Adaptation of SSB/SIB1
Based on the current specification, the periodicity of SSB transmission is assumed to be 20ms by default, while the repetition period of SIB1within 160ms depends on gNB implementation. In this sense, the network inactive period is determined by the transmission of common signal/channel. Therefore, SIB-less and/or SSB-less cell can be considered for network energy saving. 
To be more specific, the SSB/SIB transmission in non-anchor cell can be eliminated. UEs in SIB1-less and SSB-less cell can obtain synchronization based on SSB transmitted in anchor cell. Furthermore, the anchor cell also needs to transmit an additional SIB for non-anchor cell. For the multiplexing pattern of two SIBs in the anchor cell, TDM is considered in the evaluations since it provides the most network deployment flexibility regarding the allocated resources for potential different coverage requirements, periodicity, and so on.
The traffic model, other details of baseline and enhanced energy saving techniques are listed as follows.
· UE’s traffic: FTP3 for TDD and IM for FDD.
· Baseline: for anchor cell and non-anchor cell, (SSB periodicity, SIB1 periodicity) =(20ms,40ms), (80ms, 80ms), (160ms, 160ms).
· Enhanced scheme1: non-anchor cell without SSB and SIB1 transmission, which is noted as (SSB+ SIB1)-less cell.
· Enhanced scheme2: non-anchor cell without SIB1 transmission, which is noted as SIB1-less cell. 
· When no SIB is transmitted in non-anchor cell, the SIB1 for non-anchor cell shall be transmitted in anchor cell [4].
With the simulation assumptions provided above, the simulation results of network energy savings gain for non-anchor cell and anchor cell for SSB/SIB1-less scheme under different resource utilization are shown in Figure 3. 
	
	

	
	


Figure 3 Simulation results of SSB and SIB1 -less and SIB1-less scheme for TDD
It is observed that the SSB-less and SIB1-less scheme can obtain 91.1% ~ 97.9% and 82.8%~85.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD in the cases of zero load scenario. SIB1-less scheme can obtain 19.3%~23.5% and 3.8%~12.1% energy saving gain with Cat1 and Cat2 respectively power model for TDD in the cases of zero load scenario. Hence, the energy saving gain from SSB-less cell and SIB1-less cell more than 4 times of that of SIB-less cell in zero load scenario.
Moreover, in the cases of low load scenario, the SSB-less and SIB1-less scheme can obtain 15.6% ~ 64.3% and 4.8%~24.5% energy saving gain with Cat1 and Cat2 power model respectively for TDD, while SIB1-less scheme can obtain 5.7%~15.5% and 3.0%~10.8% energy saving gain with Cat1 and Cat2 power model respectively. Hence, the energy saving gain from SSB-less cell and SIB1-less cell is about 2~4 times of that of SIB1-less cell in low load scenario.
In addition to the energy saving gain in non-anchor cell, the additional power consumption of anchor cell with additional SIB1 transmission compared with the normal anchor cell is also shown in Figure 3. It can be observed that in zero load scenario the anchor cell with additional SIB1 transmission for non-anchor cell have 14.1%~18.1% and 2.4%~8% energy increase with Cat1 and Cat2 power model for TDD. In low load scenario, the energy increase in anchor cell is 4.5%~11.6% and 2.1%~7.5% with Cat1 and Cat2 power model respectively for TDD. In general, the increased energy consumption in anchor cell is comparable to the saved energy in non-anchor cell.
Simulation results for FDD are provided in Table1.
[bookmark: _Toc14113][bookmark: _Toc14604]In zero load scenario, compared with the baseline SIB and SSB configurations, 
· [bookmark: _Toc17002][bookmark: _Toc18155]SIB-less and SSB-less cell can obtain 91.1% ~ 97.9% and 82.8%~85.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD
· [bookmark: _Toc7151][bookmark: _Toc11238]SIB-less cell can obtain 19.3%~23.5% and 3.8%~12.1% energy saving gain with Cat1 and Cat2 power model respectively for TDD
· [bookmark: _Toc22837][bookmark: _Toc7203]The energy saving gain from SSB-less cell and SIB-less cell more than 4 times of that of SIB-less cell.

[bookmark: _Toc20498][bookmark: _Toc19729]In low load scenario, compared with the baseline SIB and SSB configuration, 
· [bookmark: _Toc31451][bookmark: _Toc22468]SIB-less and SSB-less cell can achieve 15.6% ~ 64.3% and 4.8%~24.5% energy saving gain with Cat1 and Cat2 power model respectively 
· [bookmark: _Toc14867][bookmark: _Toc14305]SIB-less cell can obtain 5.7%~15.5% and 3.0%~10.8%energy saving gain with Cat1 and Cat2 power model respectively.
· [bookmark: _Toc13480][bookmark: _Toc19677]The energy saving gain from SSB-less cell and SIB-less cell is about 2~4 times of that of SIB-less cell.
[bookmark: _Toc30561][bookmark: _Toc3108]Compared with the normal anchor cell, 
· [bookmark: _Toc17979][bookmark: _Toc14606]anchor cell with additional SIB transmission for non-anchor cell has 14.1%~18.1% and 2.4%~8% energy increase with Cat1 and Cat2 power model in zero load scenario.
· [bookmark: _Toc18766][bookmark: _Toc448]anchor cell with additional SIB transmission for non-anchor cell has at most 11.6% and 7.5% energy increase with Cat1 and Cat2 power model in low load scenario.
· [bookmark: _Toc4901][bookmark: _Toc19019]the increased energy consumption in anchor cell is comparable to the saved energy in non-anchor cell.
Based on the simulation results and observation it can be concluded that the non-anchor cell with neither SSB nor SIB1 transmission can achieve the most energy saving benefits. Therefore, both SSB-less and SIB-less should be supported for non-anchor cell.
[bookmark: _Toc3881][bookmark: _Toc12741][bookmark: _Toc16555]For non-anchor cell, both SSB-less, both SSB-less and SIB-less should be considered for network energy saving.
Based on the simulation results provided in Figure 1 to Figure 3, the following proposal are proposed. 
[bookmark: _Toc28293][bookmark: _Toc17013][bookmark: _Toc18864][bookmark: _Toc6431]Capture the simulation results and descriptions in Table 1 into TR.
Table 1 Simulation results of technique A-1, A-3, A-4, A-6
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Technique #A-3: Cell WUS 
	For Cat 1: 4.9%~23.8%  for TDD;
For Cat2: 4.5%~6.5% for TDD.
	Low load for TDD:
for WUS period 20ms, 7.4% and 6.2% with Cat1 and Cat2 power model respectively;
for WUS period 80ms, 19.6% and 6.4% with Cat1 and Cat2 power model respectively;
for WUS period 160ms, 23.8% and 6.5% with Cat1 and Cat2 power model respectively.
Light load for TDD: 
for WUS period 20ms, 4.9% and 4.5% with Cat1 and Cat2 power model respectively;
for WUS period 80ms, 12.7% and 4.6% with Cat1 and Cat2 power model respectively;
for WUS period 160ms, 15.5% and 4.7% with Cat1 and Cat2 power model respectively.

	0.11%~5.04% UPT loss
	
	· Baseline: cell is in a normal state with SSB/SIB periodicity {20ms/40ms} for TDD and UE mobility is considered.
· Enhanced scheme: When no UE is camped on a cell, the cell is in energy saving mode. Otherwise, the cell is in normal mode. When UE moves to an energy saving mode cell, the UE sends a WUS to gNB in WUS occasion. Then gNB resumes SSB/SIB1 transmission.
· Energy saving mode: no SSB/SIB1 transmission.
· Normal mode: SSB/SIB1 periodicity=20ms/40ms.
· WUS period: 20ms, 80ms, or 160ms.
	ESG for cell WUS increases with the increase of WUS period.

	Technique #A-4: DRX alignment
	For Cat 1: 0.3%~0.9%  for TDD;
For Cat2: 0.2%~0.4% for TDD.
	Low load for TDD: 0.3%~0.9% and 0.2%~0.4% with Cat1 and Cat2 power model respectively.
	1.3%~5.0% UPT loss
	Compared with UE-specific DRX pattern, unfinished packet ratio of DRX alignment obtains 50%~54.5% in the cases of low load scenarios.  
	Baseline: UE-specific DRX configuration
	For FTP3 traffic, ESG of DRX alignment is marginal.

	Technique #A-6: SSB/SIB1-less cell
	TDD:
For Cat1 power model, 28%~97.9% for SSB and SIB1-less cell, and 8.8%~23.5% for SIB1-less cell;
For Cat2 power model, 9.4%~85.8% for SSB and SIB1-less cell, and 3.3%~12.1% for SIB1-less cell.
FDD:
For Cat1 power model, 42.4%~98.4% for SSB and SIB1-less cell, and 11.5%~40.7% for SIB1-less cell;
For Cat2 power model, 19.1%~87.5% for SSB and SIB1-less cell, and 4.3%~28.2% for SIB1-less cell.
	Zero load for TDD:
SSB/SIB1(20ms/40ms)-less: 97.9% and 85.8% with Cat1 and Cat2 power model respectively;
SIB1(40ms)-less: 19.3% and 12.1% with Cat1 and Cat2 power model respectively.
SSB/SIB1(80ms/80ms)-less: 95.4% and 83.6% with Cat1 and Cat2 power model respectively;
SIB1(80ms)-less: 24.6% and 7.0% with Cat1 and Cat2 power model respectively.
SSB/SIB1(160ms/160ms)-less: 91.1% and 82.8% with Cat1 and Cat2 power model respectively;
SIB1(160ms)-less: 23.5% and 3.7% with Cat1 and Cat2 power model respectively.
Low load for TDD:
SSB/SIB1(20ms/40ms)-less: 64.3% and 24.5% with Cat1 and Cat2 power model respectively;
SIB1(40ms)-less: 15.5% and 10.8% with Cat1 and Cat2 power model respectively.
SSB/SIB1(80ms/80ms)-less: 43.6% and 13.4% with Cat1 and Cat2 power model respectively;
SIB1(80ms)-less: 13.6% and 6.2% with Cat1 and Cat2 power model respectively.
SSB/SIB1(160ms/160ms)-less: 28% and 9.4% with Cat1 and Cat2 power model respectively;
SIB1(160ms)-less: 8.8% and 3.3% with Cat1 and Cat2 power model respectively.
Zero load for FDD:
SSB/SIB1(20ms/40ms)-less: 98.4% and 87.5% with Cat1 and Cat2 power model respectively;
SIB1(20ms)-less: 40.7% and 28.2% with Cat1 and Cat2 power model respectively.
SSB/SIB1(80ms/80ms)-less: 96.2% and 82.6% with Cat1 and Cat2 power model respectively;
SIB1(80ms)-less: 38.4% and 9.8% with Cat1 and Cat2 power model respectively.
SSB/SIB1(160ms/160ms)-less: 92.6% and 81.4% with Cat1 and Cat2 power model respectively;
SIB1(160ms)-less: 37% and 5.3% with Cat1 and Cat2 power model respectively.
Low load for FDD:
SSB/SIB1(20ms/40ms)-less: 80.3% and 42.9% with Cat1 and Cat2 power model respectively;
SIB1(40ms)-less: 28% and 23.9% with Cat1 and Cat2 power model respectively.
SSB/SIB1(80ms/80ms)-less: 59.4% and 23.6% with Cat1 and Cat2 power model respectively;
SIB1(80ms)-less: 16% and 8% with Cat1 and Cat2 power model respectively.
SSB/SIB1(160ms/160ms)-less: 42.4% and 19.1% with Cat1 and Cat2 power model respectively;
SIB1(160ms)-less: 11.5% and 4.3% with Cat1 and Cat2 power model respectively.
	
	Zero load for TDD: 
Anchor cell with SIB1 transmission for non-anchor cell have 14.1%~18.1% and 2.4%~8% energy increase with Cat1 and Cat2 power model respectively. 
Low load for TDD:
Anchor cell with SIB1 transmission for non-anchor cell have 6.8%~11.6% and 2.3%~7.5% energy increase with Cat1 and Cat2 power model respectively .
Zero load for FDD: 
Anchor cell with SIB1 transmission for non-anchor cell have 12%~ 17.6% and 2.6%~14.1% energy increase with Cat1 and Cat2 power model respectively.
Low load for FDD: 
Anchor cell with SIB1 transmission for non-anchor cell have 7.7%~ 17.8% and 2.5%~13.8% energy increase with Cat1 and Cat2 power model respectively.
	· Baseline: for anchor cell and non-anchor cell, (SSB periodicity, /SIB1 periodicity)=(20ms,/40ms),(80ms, 80ms), (160ms, 160ms).
· Enhanced scheme1: non-anchor cell without SSB and SIB1 transmission is noted as SSB and SIB1-less cell.
· Enhanced scheme2: non-anchor cell without SIB1 transmission is noted as SIB1-less cell. 
· When no SIB transmitted in non-anchor cell, a small SIB for non-anchor cell shall be transmitted in anchor cell.
	ESG of SSB and SIB-less cell is twice as large as of the ESG of SIB-less cell.



Frequency-domain based energy saving techniques
In Release 15, SCell without SSB is supported for intra-band CA. For inter-band CA, the RF chains and other processing units between different cells are decoupled at network side. Therefore, if the SSB transmission in the inter-band SCell can be eliminated, network can obtain more energy saving benefits from longer inactive period. In this section, we provide simulation results for network energy saving techniques in frequency domain. 
· Technique #B-1: Multi-carrier energy saving enhancements
For multi-carrier energy saving enhancements, evaluations of both downlink and uplink traffic are presented. 
· Downlink traffic
Traffic model, load scenario and details of baseline and enhanced energy saving techniques are listed as follows.
· UE’s traffic: FTP3 traffic for TDD and IM traffic for FDD.
· Baseline: DL traffic, SSB periodicity = {20ms, 80ms, 160ms}.
· Enhanced scheme1: DL traffic, SSB-less SCell.
The network energy saving gain and average UPT gain of SSB-less for inter-band SCell for DL traffic are given in Figure 4. 
	
	

	
	


Figure 4 Evaluation results of SSB-less for inter-band CA for DL traffic
It is observed that in zero load, the SSB-less SCell scheme for downlink traffic can obtain 88.4%~97.4% and 82.1%~83.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 88.3%~97.3% and 80.4%~82% energy saving gain with Cat1 and Cat2 power model respectively for FDD. 
It is observed that in low load, the SSB-less SCell scheme for downlink traffic can obtain 21.1%~58.4% and 6.1%~15.2% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 34.9%~72.7% and 15.5%~25% energy saving gain with Cat1 and Cat2 power model respectively for FDD. 
[bookmark: _Toc5788][bookmark: _Toc115383196][bookmark: _Toc8113][bookmark: _Toc27678][bookmark: _Toc10801][bookmark: _Toc5622][bookmark: _Toc2171]It is observed that the SSB-less SCell scheme can obtain 88.4%~97.4% and 82.1%~83.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 88.3%~97.3% and 80.4%~82% with Cat1 and Cat2 power model respectively for FDD in the cases of zero load scenario according to the system-level simulation results. 
[bookmark: _Toc6830][bookmark: _Toc23427]It is observed that the SSB-less SCell scheme can obtain 21.1%~58.4% and 6.1%~15.2% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 34.9%~72.7% and 15.5%~25% with Cat1 and Cat2 power model respectively for FDD in the cases of low load scenario according to the system-level simulation results. 
Even the energy saving gain from SSB-less SCell over SCell with longer SSB periodicity is smaller, the initial access delay in the SSB-less SCell is much smaller than that of SCell with longer SSB periodicity. One of the reasons of keeping SSB is to make it compatible with legacy UEs, e.g., on doing initial access or cell activation on the corresponding band. However, if the periodicity is longer, performance of legacy UEs (including initial access/cell activation latency) cannot be guaranteed. This is undesirable as it will have serious impact on keeping the current network KPIs. Therefore, it is more reasonable to consider using SSB periodicity of 20ms as the proper baseline for performance comparison. 
· Uplink traffic
In the previous meeting, the issues about the AGC, synchronization, timing issue of inter-band SSB-less SCell have been discussed. We think high synchronization between PCell and inter-band SSB-less SCell can be achieved by gNB implementation. Another way to resolve the concern is to consider the case that there is no DL traffic in the inter-band SSB-less SCell. Therefore, the energy saving gain from inter-band SSB-less SCell with UL traffic is evaluated.
In our understanding, the power consumption of UL reception is close to micro-sleep state, where both states don’t require PA involvement, and the PA can be de-activated. The only difference is that the UL reception needs LNA, which consumes much less energy than PA. Hence, the cat 2 power consumption model is more consistent with our understanding, and it is used for UL traffic evaluation.
The traffic model, load scenario and details of baseline and enhanced energy saving techniques are listed as follows.
· UE’s traffic: FTP3 traffic for TDD, and IM traffic for FDD.
· Baseline: UL traffic, SSB periodicity= {20ms, 80ms, 160ms}.
· It is assumed that only the slots used for SSB transmission are set to ‘D’ for SCell.
· Enhanced scheme1: UL traffic, SSB-less SCell.
· It is assumed that all of slot format are set to ‘U’ for SSB-less SCell.
The network energy saving gain of SSB-less for inter-band SCell for UL traffic-only are given in Figure 5. 
	
	


Figure 5 Evaluation results of SSB-less for inter-band CA for UL traffic and DL traffic
It is observed from the system-level simulation results that the SSB-less SCell scheme for UL only can obtain 18.7%~39.3% energy saving gain with Cat2 power model for TDD in the case of low load scenario. 
[bookmark: _Toc3778][bookmark: _Toc2019]With Cat2 power model, the SSB-less SCell scheme for uplink traffic can obtain 18.7%~39.3% energy saving gain for TDD in the case of low load scenario. 
It can be observed that the energy saving gain from SSB-less SCell with UL traffic is about twice of the gain from SSB-less SCell with DL traffic, i.e, the energy saving gain from UL traffic is much larger than that of DL traffic. Moreover, since DL is the main contributor to network energy consumption, if dedicated receiver is considered for UL reception without DL component, more energy saving gain can be observed. 
[bookmark: _Toc28311][bookmark: _Toc26528]The energy saving gain from SSB-less SCell with UL traffic is much larger than that of DL traffic.
[bookmark: _Toc2210][bookmark: _Toc27555][bookmark: _Toc1356]Support inter-band SSB-less SCell for network energy saving.
Furthermore, in the current SCell activation mechanism, SSB or temporary TRS is used. If only DL traffic is considered in SSB-less inter-band SCell, these reference signals are not needed. Hence, the procedure of SCell activation should be enhanced.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc20484][bookmark: _Toc5510][bookmark: _Toc7807][bookmark: _Toc4230]Capture the simulation results and descriptions in Table 2 into TR.
Table 2 simulation results of Technique B-1
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Technique #B-1: SSB-less for inter-band CA for DL
	TDD FTP3 traffic: 21.1%~97.4% and 6.1%~83.8% with Cat1 and Cat2 power model respectively;
FDD IM traffic: 34.9%~97.3% and 15.5%~82% with Cat1 and Cat2 power model respectively. 
	Zero load for TDD:  88.4%~97.4% and 82.1%~83.8% with Cat1 and Cat2 power model respectively. 
Low load for TDD:
21.1%~58.4% and 6.1%~15.2% with Cat1 and Cat2 power model respectively.
Zero load for FDD: 88.3%~97.3% and 80.4%~82% with Cat1 and Cat2 power model respectively.
Low load for FDD: 34.9%~72.7% and 15.5%~25% with Cat1 and Cat2 power model respectively.
	0%~3.1% UPT gain
	
	· Baseline: DL traffic, SSB periodicity={20ms, 80ms, 160ms}.
· Enhanced scheme1: DL traffic, SSB-less SCell.
· It is assumed that SCell activation delay is 12ms and SSB-less SCell delay is 6ms. 

	①ESG of SSB-less SCell in the case of zero load and low load can obtain more than 80% ESG with both Cat1 and Cat2 power model respectively.
②SSB-less cell obtain 0%~3.1% UPT gain in the case of zero load to medium load.  

	Technique #B-1: SSB-less for inter-band CA for UL only
	TDD FTP3 traffic: 18.7%~39.3% with Cat2 power model.
	Low load: 18.7%~39.3% with Cat2 power model for TDD FTP3 traffic.
	
	
	· Baseline: UL traffic, SSB periodicity={20ms, 80ms, 160ms}.
· Enhanced scheme1: UL traffic, SSB-less SCell.
· It is assumed that only the slots used for SSB transmission are set to ‘D’ for SCell, and all of slot format are set to ‘U’ for SSB-less SCell 

	For SSB-less SCell scheme, energy saving gain from UL traffic is larger than that of DL traffic in the cases of load scenarios. 



Spatial-domain based energy saving techniques
In this section, we provide simulation results of the network energy saving technique in spatial domain. The power model and the simulation assumptions are based on the tables in Appendix and the additional assumptions are listed as below.
Table 3 UE traffic
	Traffic 1
	FTP3 with 20KByte packet size

	Traffic 2
	FTP3 with 0.1MByte packet size

	Traffic 3
	FTP3 with 4KByte packet size


In TDD simulation, Traffic 1 and Traffic 2 are used. In FDD simulation, Traffic 1 and Traffic 3 are used.
Table 4 BS antenna configuration for TxRU adaptation in TDD pattern
	Simulation case 
	Description 

	64TxRU
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); Max transmission power=55dBm

	48TxRU
	(M, N, P, Mg, Ng) = (8, 6, 2, 1, 1); Max transmission power=53.75dBm

	32TxRU
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); Max transmission power=52dBm

	16TxRU
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1); Max transmission power=49dBm

	8TxRU
	(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1); Max transmission power=46dBm

	4TxRU
	(M, N, P, Mg, Ng) = (4, 1, 2, 1, 1); Max transmission power=43dBm


Table 5 BS antenna configuration for TxRU adaptation in FDD pattern
	Simulation case 
	Description 

	32TxRU
	(M, N, P, Mg, Ng) = (8, 8, 2, 1, 1); Max transmission power=49dBm

	24TxRU
	(M, N, P, Mg, Ng) = (8, 6, 2, 1, 1); Max transmission power=47.75dBm

	16TxRU
	(M, N, P, Mg, Ng) = (8, 4, 2, 1, 1); Max transmission power=46dBm

	8TxRU
	(M, N, P, Mg, Ng) = (4, 4, 2, 1, 1); Max transmission power=43dBm

	4TxRU
	(M, N, P, Mg, Ng) = (4, 2, 2, 1, 1); Max transmission power=40dBm


In this section, both TxRU reduction and dynamic TxRU adaptation via multi-CSI are evaluated. For TxRU reduction in TDD, the BS antenna configuration is changed from 64TxRU to 48TxRU, or from 64TxRU to 32TxRU, or from 64TxRU to 16TxRU. For dynamic TxRU adaptation via multi-CSI in TDD, the gNB can dynamically change the TxRU among {64TxRU, 32TxRU, 16TxRU, 8TxRU, 4TxRU}. 
For TxRU reduction in FDD, the BS antenna configuration is changed from 32TxRU to 24TxRU, or from 32TxRU to 16TxRU, or from 32TxRU to 8TxRU. For dynamic TxRU adaptation via multi-CSI in FDD, the gNB can dynamically change the TxRU among {32TxRU, 24TxRU, 16TxRU, 8TxRU, 4TxRU}
Simulation results of network energy savings gains and average UPT for all the cases under different resource utilization are shown as below. 
	
	

	


Figure 6 Energy saving gain and UPT impact of antenna reduction for Traffic 1(TDD)
According to the simulation results, for TDD with 20k traffic, dynamic adaptation of TxRUs via multi-CSI can achieve high energy saving gain with marginal UPT loss. For TxRU reduction, a larger ESG will cause larger UPT loss.
[bookmark: _Toc9238][bookmark: _Toc17921]For TDD, traffic with 20K bytes packet size,
· [bookmark: _Toc10510][bookmark: _Toc28037]in low load (RU=8.8%), dynamic adaptation of TxRUs via multi-CSI can achieve 27.09% energy saving gain with 0.9% UPT loss; TxRU reduction can achieve 7.77%~23.53% ESG with 1.5%~11.06% UPT loss.
· [bookmark: _Toc31865][bookmark: _Toc15538]in light load (RU=20%), dynamic adaptation of TxRUs via multi-CSI can achieve 28.71%~31.33% ESG with 1.5%~7% UPT loss; TxRU reduction can achieve 10.78%~33.75% energy saving gain with 1.5%~15.31% UPT loss.
· [bookmark: _Toc9013][bookmark: _Toc5358]in medium load (RU=32%), dynamic adaptation of TxRUs via multi-CSI can achieve 23.76% energy saving gain with 1.17% UPT loss; TxRU reduction can achieve 12.45%~24.63% energy saving gain with 3.34%~10.44% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc31120][bookmark: _Toc706][bookmark: _Toc7240]Capture the simulation results and descriptions in Table 6 into TR.
Table 6 simulation results of TxRU adaptation with packet size of 20K bytes
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	TxRU reduction
	7.77%~23.53%
	48TxRU:7.77%
32TxRU:15.53%
16TxRU:23.53%
	1.5%~11.06% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
Low load
(RU=8.8%)
FTP3: 20K packet size

	Dynamic TxRUs adaptation via multi-CSI
	27.09%
	27.09%
	0.9% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
Low load
(RU=8.8%)
FTP3: 20K packet size

	TxRU reduction
	10.78%~33.75%
	48TxRU:10.78%
32TxRU:21.72%
16TxRU:33.75%
	1.5%~15.31% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
light load
(RU=20%)
FTP3: 20K packet size

	Dynamic TxRUs adaptation via multi-CSI
	28.71%~31.33%
	UPT loss = 1.5%: 28.71%
UPT loss = 7%: 31.33%
	1.5%~7% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
light load
(RU=20%)
FTP3: 20K packet size

	TxRU reduction
	12.45%~24.63%
	48TxRU:12.45%
32TxRU:24.63%
	3.34%~10.44% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
medium load
(RU=32%)
FTP3: 20K packet size

	Dynamic TxRUs adaptation via multi-CSI
	23.76% 
	23.76% 
	1.17% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
medium load
(RU=32%)
FTP3: 20K packet size



	
	

	


Figure 7 Energy saving gain and UPT impact of antenna reduction for Traffic 2(TDD)
[bookmark: _Toc13371][bookmark: _Toc13851]For TDD, traffic with 0.1M packet size,
· [bookmark: _Toc30952][bookmark: _Toc9058]in low load (RU=10%), dynamic adaptation of TxRUs via multi-CSI can achieve 7.6%~12.65% energy saving gain with 3.1%~6.03% UPT loss; TxRU reduction can achieve 5.59%~10.97% ESG with 6.89%~18.39% UPT loss.
· [bookmark: _Toc27987][bookmark: _Toc15831]in light load (RU=20%), dynamic adaptation of TxRUs via multi-CSI can achieve 13.76%~21.15% energy saving gain with 2.52%~6.96% UPT loss; TxRU reduction can achieve 9.08%~18.64% ESG with 6.32%~14.88% UPT loss.
· [bookmark: _Toc2983][bookmark: _Toc2447]in medium load (RU=40%), dynamic adaptation of TxRUs via multi-CSI can achieve 15.67%~17.09% ESG with 2.89%~4.16% UPT loss; TxRU reduction can achieve 11.83%~24.98% ESG with 8.01%~20.88% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc11544][bookmark: _Toc21902][bookmark: _Toc23199]Capture the simulation results and descriptions in Table 7 into TR.
Table 7 simulation results of TxRU adaptation with packet size of 0.1M bytes
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	TxRU reduction
	5.59%~10.97%
	48TxRU:5.59%
32TxRU:10.97%
	6.89%~18.39% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
Low load
(RU=10%)
FTP3: 0.1M packet size

	Dynamic TxRUs adaptation via multi-CSI
	7.6%~12.65%
	UPT loss = 3.1%: 7.6%
UPT loss = 5.04%: 11.1%
UPT loss = 6.03%: 12.65%
	3.1%~6.03% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
Low load
(RU=10%)
FTP3: 0.1M packet size

	TxRU reduction
	9.08%~18.64%
	48TxRU:9.08%
32TxRU:18.64%
	6.32%~14.88% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
light load
(RU=20%)
FTP3: 0.1M packet size

	Dynamic TxRUs adaptation via multi-CSI
	13.76%~21.15%
	UPT loss = 2.52%: 13.76%
UPT loss = 4.13%: 16.27%
UPT loss = 5.15%: 18.67%
UPT loss = 6.96%: 21.15%
	2.52%~6.96% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
light load
(RU=20%)
FTP3: 0.1M packet size

	TxRU reduction
	11.83%~24.98%
	48TxRU:11.83%
32TxRU:24.98%
	8.01%~20.88% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
medium load
(RU=40%)
FTP3: 0.1M packet size

	Dynamic TxRUs adaptation via multi-CSI
	15.67%~17.09% 
	UPT loss = 2.89%: 15.67%
UPT loss = 4.16%: 17.09%

	2.89%~4.16% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 64TxRU
	Cat 2,
medium load
(RU=40%)
FTP3: 0.1M packet size



	
	

	


Figure 8 Energy saving gain and UPT impact of antenna reduction for Traffic 1(FDD)
[bookmark: _Toc13600][bookmark: _Toc20300]For FDD, traffic with 20K packet size,
· [bookmark: _Toc1480][bookmark: _Toc21718]in low load (RU=5%, RU=11%), TxRU reduction can achieve 4.77%~25.29% energy saving gain with 2.03%~19.36% UPT loss.
· [bookmark: _Toc23875][bookmark: _Toc2987]in light load (RU=20%), TxRU reduction can achieve 9.58%~32.07% energy saving gain with 5.19%~23.93% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc3747][bookmark: _Toc24991][bookmark: _Toc31993]Capture the simulation results and descriptions in Table 8 into TR.
Table 8 simulation results of TxRU adaptation with packet size of 20K bytes for FDD
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	TxRU reduction
	4.77%~25.29%
	24TxRU:4.77%~7.99%
16TxRU: 9.62%~15.91%
8TxRU: 14.77%~25.29%
	2.03%~19.36% UPT loss
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
Low load
(RU=5%, RU=11%)
FTP3: 20K packet size

	TxRU reduction
	9.58%~32.07%
	24TxRU:9.58%
16TxRU: 19.67%
8TxRU: 32.07%
	5.19%~23.93% UPT loss
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
light load
(RU=20%)
FTP3: 20K packet size



	
	

	
	


Figure 9 Energy saving gain and UPT impact of antenna reduction for Traffic 3(FDD)
[bookmark: _Toc10346][bookmark: _Toc28101]For FDD, traffic with 4K packet size,
· [bookmark: _Toc2143][bookmark: _Toc23773]in low load (RU=5%, RU=13%), dynamic adaptation of TxRUs via multi-CSI can achieve 18.08%~23.66% energy saving gain with 0.16%~0.62% UPT loss; TxRU reduction can achieve 7.86%~34.97% energy saving gain with 0.42%~3.84% UPT loss.
· [bookmark: _Toc16823][bookmark: _Toc5073]in light load (RU=28%), dynamic adaptation of TxRUs via multi-CSI can achieve 19.38% energy saving gain with 0.74% UPT loss; TxRU reduction can achieve 13.96%~43.39% ESG with 1.86%~14.15% UPT loss.
· [bookmark: _Toc29115][bookmark: _Toc21741]in medium load (RU=48%), dynamic adaptation of TxRUs via multi-CSI can achieve 13.7% energy saving gain with 1.01% UPT loss; TxRU reduction can achieve 14.3%~29.37% ESG with 5.47%~14.63% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc22153][bookmark: _Toc8061][bookmark: _Toc14140]Consider dynamic TxRU adaptation for network energy saving.
[bookmark: _Toc14629][bookmark: _Toc20147][bookmark: _Toc14382]Capture the simulation results and descriptions in Table 9 in TR.
Table 9 simulation results of TxRU adaptation with packet size of 4K bytes for FDD
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	TxRU reduction
	7.86%~34.97%
	24TxRU: 7.86%~11.17%
16TxRU: 15.79%~22.65%
8TxRU: 24.28%~34.97%
	0.42%~3.84% UPT loss
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
Low load
(RU=5%, RU=13%)
FTP3: 4K packet size 

	Dynamic TxRUs adaptation via multi-CSI
	18.08%~23.66%
	RU=5%: 18.08%
RU=13%: 23.66%
	0.16%~0.62% UPT loss
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
Low load
(RU=5%, RU=13%)
FTP3: 4K packet size

	TxRU reduction
	13.96%~43.39%
	24TxRU:13.96%
16TxRU:27.82%
8TxRU: 43.39%
	1.86%~14.15%
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
light load
(RU=28%)
FTP3: 4K packet size

	Dynamic TxRUs adaptation via multi-CSI
	19.38%
	19.38%
	0.74%
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
light load
(RU=28%)
FTP3: 4K packet size

	TxRU reduction
	14.3%~29.37%
	24TxRU:14.3%
16TxRU:29.37%
	5.47%~14.63%
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
Medium load
(RU=48%)
FTP3: 4K packet size

	Dynamic TxRUs adaptation via multi-CSI 
	13.7%
	13.7%
	1.01%
	
	Set 2: FR1 FDD;
Baseline: 32TxRU
	Cat 2,
Medium load
(RU=48%)
FTP3: 4K packet size



Power-domain based energy saving techniques
In this section, we provide some simulation results of the base station power consumption. The power model is based on the agreements and the additional assumption is listed as below.
Table 10 UE traffic
	Traffic 1
	FTP3 with 20KByte packet size

	Traffic 2
	FTP3 with 0.1M packet size

	Traffic 4
	FTP3 with 0.5M packet size


In TDD simulation, Traffic 1 and Traffic 4 are used. In FDD simulation, Traffic 2 is used.
In this section, both PDSCH PSD reduction and dynamic adaptation of PDSCH PSD via multi-CSI are evaluated. In TDD PDSCH PSD reduction simulation, the BS antenna configuration is fixed, the maximum transmit power is changed from 55dBm to 53.75dBm, from 55dBm to 52dBm, or from 55dBm to 49dBm. In TDD dynamic simulation, the gNB can dynamically change the maximum transmit power among {55dBm, 52dBm, 49dBm, 46dBm, 43dBm}. 
In FDD PDSCH PSD reduction simulation, the BS antenna configuration is fixed, the maximum transmit power is changed from 49dBm to 47.75dBm, from 49dBm to 46dBm.
Simulation results of network energy savings gains and average UPT for all the cases under different resource utilization are shown as below based on the simulation assumption shown in Appendix. 
	
	

	


Figure 10 Energy saving gain and UPT impact of PSD for PDSCH reduction (Traffic 1, TDD)
According to the simulation results, for TDD with 20k traffic, dynamic adaptation of PSD can achieve high energy saving gain with marginal UPT loss. 
[bookmark: _Toc22133][bookmark: _Toc18333]For TDD, traffic with 20K packet size,
· [bookmark: _Toc28449][bookmark: _Toc21937]in low load (RU=10%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 12.06% energy saving gain with 0.38% UPT loss; PDSCH PSD reduction can achieve 2.3%~6.44% ESG with 0.56%~1.26% UPT loss.
· [bookmark: _Toc8449][bookmark: _Toc8315]in light load (RU=20%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 16.63% energy saving gain with 0.35% UPT loss; PDSCH PSD reduction can achieve 4.38%~10.07% ESG with 1.83% UPT loss.
· [bookmark: _Toc26213][bookmark: _Toc10938]in medium load (RU=31%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 16.38%~23.76% energy saving gain with 0.27%~1.17% UPT loss; PDSCH PSD reduction can achieve 6.01%~12.95% ESG with 2.38%~3.8% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc30289][bookmark: _Toc17945][bookmark: _Toc11026]Capture the simulation results and descriptions in Table 11 into TR.
Table 11 simulation results of transmission power adaptation with packet size of 20K bytes for TDD
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	PDSCH PSD reduction
	2.3%~6.44%
	53.75dBm: 2.3%
52dBm: 6.44%
	0.56%~1.26% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 55dBm
	Cat 2,
Low load
(RU=10%)
FTP3: 20K packet size

	Dynamic PDSCH PSD adaptation via multi-CSI 
	12.06%
	12.06%
	0.38% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 55dBm
	Cat 2,
Low load
(RU=10%)
FTP3: 20K packet size

	PDSCH PSD reduction
	4.38%~10.07%
	53.75dBm: 4.38%
52dBm: 10.07%
	1.83% UPT loss
	
	Set 1: FR1 TDD;
Baseline:55dBm
	Cat 2,
light load
(RU=20%)
FTP3: 20K packet size

	Dynamic PDSCH PSD adaptation via multi-CSI 
	16.63%
	16.63%
	0.35% UPT loss
	
	Set 1: FR1 TDD;
Baseline:55dBm
	Cat 2,
light load
(RU=20%)
FTP3: 20K packet size

	PDSCH PSD reduction
	6.01%~12.95%
	53.75dBm: 6.01%
52dBm: 12.95%
	2.38%~3.8% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 55dBm
	Cat 2,
medium load
(RU=31%)
FTP3: 20K packet size

	Dynamic PDSCH PSD adaptation via multi-CSI 
	16.38%~23.76%
	0.27% UPT loss: 16.38%
1.17% UPT loss: 23.76% 
	0.27%~1.17% UPT loss
	
	Set 1: FR1 TDD;
Baseline: 55dBm
	Cat 2,
medium load
(RU=31%)
FTP3: 20K packet size




Figure 11 Energy saving gain and UPT impact of PSD for PDSCH reduction (Traffic 4,TDD)
[bookmark: _Toc22813][bookmark: _Toc12057]For TDD, traffic with 0.5M packet size,
· [bookmark: _Toc31868][bookmark: _Toc20441]in low load (RU=4.7%, RU=9.6%), PDSCH PSD reduction can achieve 3.94%~6.99% energy saving gain with 4.32%~5.74% UPT loss.
· [bookmark: _Toc4924][bookmark: _Toc24181]in light load (RU=23.5%), PDSCH PSD reduction can achieve 12.23% energy saving gain with 5.48% UPT loss.
· [bookmark: _Toc12820][bookmark: _Toc12473]in medium load (RU=38.4%), PDSCH PSD reduction can achieve 16.63% energy saving gain with 9.81% UPT loss.
Based on the simulation results above, the following is proposed.
[bookmark: _Toc4118][bookmark: _Toc22120][bookmark: _Toc8807]Capture the simulation results and descriptions in Table 12 into TR.
Table 12 simulation results of transmission power adaptation with packet size of 0.5M bytes for TDD
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	PDSCH PSD reduction
	3.94%~6.99%
	RU=4.7%: 3.94%
RU=9.6%: 6.99%
	4.32%~5.74% UPT loss
	
	Set 1: FR1 TDD;
ES scheme: 52dBm
Baseline: 55dBm
	Cat 2,
Low load
(RU=4.7%, RU=9.6%)
FTP3: 0.5M packet size

	PDSCH PSD reduction
	12.23%
	12.23%
	5.48% UPT loss
	
	Set 1: FR1 TDD;
ES scheme: 52dBm
Baseline:55dBm
	Cat 2,
light load
(RU=23.5%)
FTP3: 0.5M packet size

	PDSCH PSD reduction
	16.63%
	16.63%
	9.81% UPT loss
	
	Set 1: FR1 TDD;
ES scheme: 52dBm
Baseline: 55dBm
	Cat 2,
medium load
(RU=38.4%)
FTP3: 0.5M packet size



	
	


Figure 12 Energy saving gain and UPT impact of PSD for PDSCH reduction (Traffic 2, FDD)
[bookmark: _Toc15158][bookmark: _Toc3469]For FDD, traffic with 0.1M packet size,
· [bookmark: _Toc512][bookmark: _Toc21090]in low load (RU=13%), PDSCH PSD reduction can achieve 5.92%~11.78% energy saving gain with 0.64%~1.56% UPT loss.
· [bookmark: _Toc3461][bookmark: _Toc12130]in light load (RU=29%), PDSCH PSD reduction can achieve 8.58%~17.01% energy saving gain with0.05%~0.75% UPT loss.
Based on the simulation results above, the following proposal are proposed.
[bookmark: _Toc3614][bookmark: _Toc28971][bookmark: _Toc30936]Consider dynamic transmission power adaptation for network energy saving.
[bookmark: _Toc31342][bookmark: _Toc10817][bookmark: _Toc31464]Capture the simulation results and descriptions in Table 13 into TR.
Table 13 simulation results of transmission power adaptation with packet size of 0.1M bytes for FDD
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
	Other impact
	Evaluation methodology/baseline assumption
	Note

	PDSCH PSD reduction
	5.92%~11.78%
	47.75dBm: 5.92%
46dBm: 11.78%
	0.64%~1.56% UPT loss
	
	Set 2: FR1 FDD;
Baseline: 49dBm
	Cat 2,
Low load
(RU=13%)
FTP3: 0.1M packet size

	PDSCH PSD reduction
	8.58%~17.01%
	47.75dBm: 8.58%
46dBm: 17.01%
	0.05%~0.75% UPT loss
	
	Set 2: FR1 FDD;
Baseline:49dBm
	Cat 2,
light load
(RU=29%)
FTP3: 0.1M packet size



Conclusion
In this contribution, the evaluation results for network energy saving techniques are provided. We have the following observations and proposals.
Observation 1: Cell WUS scheme can obtain 7.4%~23.8% and 6.2%~6.5% energy saving gain for TDD with Cat1 and Cat2 power model respectively with 0.66%~5.04% UPT loss in the cases of low load scenario.
Observation 2: Cell WUS scheme can obtain 4.9%~15.5% and 4.5%~4.7% energy saving gain for TDD with Cat1 and Cat2 power model respectively with 0.11%~0.86% UPT loss in the cases of light load scenario.
Observation 3: The following observations for cell WUS are concluded:
 Energy saving gain for cell WUS increases with the increase of WUS period;
 Cell WUS can achieve a tradeoff between network energy saving gain and system performance
Observation 4: For FTP3 traffic, DRX alignment can obtain 0.3%~0.9% and 0.2%~0.4% energy saving gain with 1.3%~5% UPT loss with Cat1 and Cat2 power model respectively for TDD in the cases of low load scenario.
Observation 5: Energy saving gain of DRX alignment is marginal for FTP3 traffic.
Observation 6: In zero load scenario, compared with the baseline SIB and SSB configurations,
 SIB-less and SSB-less cell can obtain 91.1% ~ 97.9% and 82.8%~85.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD
 SIB-less cell can obtain 19.3%~23.5% and 3.8%~12.1% energy saving gain with Cat1 and Cat2 power model respectively for TDD
 The energy saving gain from SSB-less cell and SIB-less cell more than 4 times of that of SIB-less cell.
Observation 7: In low load scenario, compared with the baseline SIB and SSB configurations,
 SIB-less and SSB-less cell can achieve 15.6% ~ 64.3% and 4.8%~24.5% energy saving gain with Cat1 and Cat2 power model respectively
 SIB-less cell can obtain 5.7%~15.5% and 3.0%~10.8%energy saving gain with Cat1 and Cat2 power model respectively.
 The energy saving gain from SSB-less cell and SIB-less cell is about 2~4 times of that of SIB-less cell.
Observation 8: Compared with the normal anchor cell,
 anchor cell with additional SIB transmission for non-anchor cell has 14.1%~18.1% and 2.4%~8% energy increase with Cat1 and Cat2 power model in zero load scenario.
 anchor cell with additional SIB transmission for non-anchor cell has at most 11.6% and 7.5% energy increase with Cat1 and Cat2 power model in low load scenario.
 the increased energy consumption in anchor cell is comparable to the saved energy in non-anchor cell.
Observation 9: It is observed that the SSB-less SCell scheme can obtain 88.4%~97.4% and 82.1%~83.8% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 88.3%~97.3% and 80.4%~82% with Cat1 and Cat2 power model respectively for FDD in the cases of zero load scenario according to the system-level simulation results.
Observation 10: It is observed that the SSB-less SCell scheme can obtain 21.1%~58.4% and 6.1%~15.2% energy saving gain with Cat1 and Cat2 power model respectively for TDD and 34.9%~72.7% and 15.5%~25% with Cat1 and Cat2 power model respectively for FDD in the cases of low load scenario according to the system-level simulation results.
Observation 11: With Cat2 power model, the SSB-less SCell scheme for uplink traffic can obtain  18.7%~39.3% energy saving gain for TDD in the case of low load scenario.
Observation 12: The energy saving gain from SSB-less SCell with UL traffic is much larger than that of DL traffic.
Observation 13: For TDD, traffic with 20K bytes packet size,
 in low load (RU=8.8%), dynamic adaptation of TxRUs via multi-CSI can achieve 27.09% energy saving gain with 0.9% UPT loss; TxRU reduction can achieve 7.77%~23.53% ESG with 1.5%~11.06% UPT loss.
 in light load (RU=20%), dynamic adaptation of TxRUs via multi-CSI can achieve 28.71%~31.33% ESG with 1.5%~7% UPT loss; TxRU reduction can achieve 10.78%~33.75% energy saving gain with 1.5%~15.31% UPT loss.
 in medium load (RU=32%), dynamic adaptation of TxRUs via multi-CSI can achieve 23.76% energy saving gain with 1.17% UPT loss; TxRU reduction can achieve 12.45%~24.63% energy saving gain with 3.34%~10.44% UPT loss.
Observation 14: For TDD, traffic with 0.1M packet size,
 in low load (RU=10%), dynamic adaptation of TxRUs via multi-CSI can achieve 7.6%~12.65% energy saving gain with 3.1%~6.03% UPT loss; TxRU reduction can achieve 5.59%~10.97% ESG with 6.89%~18.39% UPT loss.
 in light load (RU=20%), dynamic adaptation of TxRUs via multi-CSI can achieve 13.76%~21.15% energy saving gain with 2.52%~6.96% UPT loss; TxRU reduction can achieve 9.08%~18.64% ESG with 6.32%~14.88% UPT loss.
 in medium load (RU=40%), dynamic adaptation of TxRUs via multi-CSI can achieve 15.67%~17.09% ESG with 2.89%~4.16% UPT loss; TxRU reduction can achieve 11.83%~24.98% ESG with 8.01%~20.88% UPT loss.
Observation 15: For FDD, traffic with 20K packet size,
 in low load (RU=5%, RU=11%), TxRU reduction can achieve 4.77%~25.29% energy saving gain with 2.03%~19.36% UPT loss.
 in light load (RU=20%), TxRU reduction can achieve 9.58%~32.07% energy saving gain with 5.19%~23.93% UPT loss.
Observation 16: For FDD, traffic with 4K packet size,
 in low load(RU=5%, RU=13%), dynamic adaptation of TxRUs via multi-CSI can achieve 18.08%~23.66% energy saving gain with 0.16%~0.62% UPT loss; TxRU reduction can achieve 7.86%~34.97% energy saving gain with 0.42%~3.84% UPT loss.
 in light load(RU=28%), dynamic adaptation of TxRUs via multi-CSI can achieve 19.38% energy saving gain with 0.74% UPT loss; TxRU reduction can achieve 13.96%~43.39% ESG with 1.86%~14.15% UPT loss.
 in medium load(RU=48%), dynamic adaptation of TxRUs via multi-CSI can achieve 13.7% energy saving gain with 1.01% UPT loss; TxRU reduction can achieve 14.3%~29.37% ESG with 5.47%~14.63% UPT loss.
Observation 17: For TDD, traffic with 20K packet size,
 in low load (RU=10%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 12.06% energy saving gain with 0.38% UPT loss; PDSCH PSD reduction can achieve 2.3%~6.44% ESG with 0.56%~1.26% UPT loss.
 in light load (RU=20%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 16.63% energy saving gain with 0.35% UPT loss; PDSCH PSD reduction can achieve 4.38%~10.07% ESG with 1.83% UPT loss.
 in medium load (RU=31%), dynamic adaptation of PDSCH PSD via multi-CSI can achieve 16.38%~23.76% energy saving gain with 0.27%~1.17% UPT loss; PDSCH PSD reduction can achieve 6.01%~12.95% ESG with 2.38%~3.8% UPT loss.
Observation 18: For TDD, traffic with 0.5M packet size,
 in low load (RU=4.7%, RU=9.6%), PDSCH PSD reduction can achieve 3.94%~6.99% energy saving gain with 4.32%~5.74% UPT loss.
 in light load (RU=23.5%), PDSCH PSD reduction can achieve 12.23% energy saving gain with 5.48% UPT loss.
 in medium load (RU=38.4%), PDSCH PSD reduction can achieve 16.63% energy saving gain with 9.81% UPT loss.
Observation 19: For FDD, traffic with 0.1M packet size,
 in low load (RU=13%), PDSCH PSD reduction can achieve 5.92%~11.78% energy saving gain with 0.64%~1.56% UPT loss.
 in light load (RU=29%), PDSCH PSD reduction can achieve 8.58%~17.01% energy saving gain with0.05%~0.75% UPT loss.

Proposal 1: Cell WUS can be considered for network energy saving.
Proposal 2: For non-anchor cell, both SSB-less, both SSB-less and SIB-less should be considered for network energy saving.
Proposal 3: Capture the simulation results and descriptions in Table 1 into TR.
Proposal 4: Support inter-band SSB-less SCell for network energy saving.
Proposal 5: Capture the simulation results and descriptions in Table 2 into TR.
Proposal 6: Capture the simulation results and descriptions in Table 6 into TR.
Proposal 7: Capture the simulation results and descriptions in Table 7 into TR.
Proposal 8: Capture the simulation results and descriptions in Table 8 into TR.
Proposal 9: Consider dynamic TxRU adaptation for network energy saving.
Proposal 10: Capture the simulation results and descriptions in Table 9 in TR.
Proposal 11: Capture the simulation results and descriptions in Table 11 into TR.
Proposal 12: Capture the simulation results and descriptions in Table 12 into TR.
Proposal 13: Consider dynamic transmission power adaptation for network energy saving.
Proposal 14: Capture the simulation results and descriptions in Table 13 into TR.
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Appendix
Table A1 Relative power values for reference configuration set 1/2/3
	Power state
	Relative Power P for Category 1
	Relative Power P for Category 2

	
	Set 1
	Set 2
	Set 3
	Set 1
	Set 2
	Set 3

	Deep sleep
	1
	1
	1
	1
	1
	1

	Light sleep
	25
	25
	25
	2.1
	2.1
	2.1

	Micro sleep
	55
	50
	38
	5.5
	5
	3

	Active DL
	280
	200
	152
	32
	26
	17.6

	Active UL
	110
	90
	80
	6.5
	 5.8
	4.2



Table A2 Additional energy for set 1/2/3
	Power state
	Additional transition energy Ei 

	
	Category 1
	Category 2

	Deep sleep
	1000
	17000

	Light sleep
	90
	1088



Table A3 Evaluation assumptions for UMa scenario
	Parameters
	Value

	Duplex Mode / Simulation bandwidth
	TDD/100 MHz
	FDD/20 MHz (equal split of 10MHz for UL and DL)

	Scenario
	Urban Macro;
Hexagonal grid, 7 macro sites, 3 sectors per site

	Inter-BS distance
	500m

	Min. BS - UE distance
	35m

	Carrier frequency
	4GHz
	2.1GHz

	SCS
	30KHz
	15KHz

	TDD pattern
	DDDSU
	/

	BS Antenna Configuration
	64Tx antenna ports, and (dH, dV) = (0.5λ, 0.5λ);
64Tx: (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1; 4,8)
The antenna tilt is 12 degrees.
	32Tx antenna ports, and (dH, dV) = (0.5λ, 0.8λ);
32Tx: (M, N, P, Mg, Ng) = (8,8,2,1,1)
The antenna tilt is 12 degrees.

	UE Antenna Configuration
	4 Rx antenna ports, and dH = 0.5λ
4 Rx: (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1; 1,2);

	Total DL power level
	55dBm
	49dBm

	UE transmit power
	23 dBm

	Antenna Height
	25 m for BS and 1.5 m for UE

	Antenna Element Gain
	8dBi for BS and 0 dBi for UE

	Receiver Noise Figure
	5 dB for BS and 9 dB for UE

	UE distribution
	Uniform in cell;
80% of users are indoor, 20% of users are outdoor;
Use 3km/h for modeling fading channel

	Number of UEs per cell
	Depends on RU requirement

	Scheduling Algorithm
	SU-MIMO + PF

	HARQ/repetition
	HARQ retransmission

	Channel estimation
	Realist

	PDCCH overhead
	1/7 (2symbols per 14symbol)

	DMRS overhead
	1 symbol per 14symbol

	BS receiver
	MMSE-IRC

	SS blocks per SSB burst
	8 
	4 

	SSB time resource
	4 symbols for each SSB
	4 symbols for each SSB

	SSB frequency resource
	20 RBs
	20 RBs

	Number of SIB1
	1 SIB1 per SSB
	1 SIB1 per SSB

	SIB1 transmission repetition periodicity
	40 ms
	20 ms

	SIB1 time resource
	8 slot
	4 slot

	SIB1 frequency resource
	12 RBs
	12 RBs




TDD, FTP3, Cell WUS, light load

ESG-Cat1	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	4.88594048950729E-2	0.12726387333164099	0.154542131914292	ESG-Cat2	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	4.4600906226824701E-2	4.6330422477059298E-2	4.66186751854318E-2	UPT loss	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	1.0843725336799901E-3	4.3234062211785903E-3	8.6095390517969203E-3	
ESG(%)


UPT loss(%)







TDD, FTP3, DRX alignment, low load 1

ESG-Cat1	
DRX alignment	3.3268114998379499E-3	ESG-Cat2	
DRX alignment	2.1383301985827799E-3	UPT loss	
DRX alignment	5.0305015970450499E-2	
ESG(%)


UPT loss(%)






TDD, FTP3, DRX alignment, low load 2

ESG-Cat1	
DRX alignment	8.7216859586631695E-3	ESG-Cat2	
DRX alignment	3.6154927046972698E-3	UPT loss	
DRX alignment	1.31214054113081E-2	
ESG(%)


UPT loss(%)






TDD, FTP3, DRX alignment, unfinished packet ratio

unfinished packet increase ratio	
RU=2%	RU=5%	0.499999999999999	0.54545454545454797	UPT loss	
RU=2%	RU=5%	5.0305015970450499E-2	4.2367482891011603E-2	UPT loss	
RU=2%	RU=5%	5.0305015970450499E-2	1.31214054113081E-2	
ESG(%)


UPT loss(%)






Cat1-SSB/SIB1-less cell, zero load

(SSB+SIB1)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.97886815906593705	0.95366821673735702	0.91143959496638305	SIB1-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.19255058212450399	0.24583342458553201	0.23494787075948401	anchor cell with SIB1 for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.14100842387986701	-0.18933006285451601	-0.180946489328798	
ESG(%)







Cat2-SSB/SIB1-less cell, zero load

(SSB+SIB1)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.85764847846858505	0.83591228546436203	0.82750146655462697	SIB1-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.121332242769155	6.9929461242464297E-2	3.6756955092855301E-2	anchor cell with SIB1 for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-8.0439076688891303E-2	-4.6360811992882299E-2	-2.43685887780818E-2	
ESG(%)







Cat1-SSB/SIB1-less SCell, low load

(SSB+SIB1)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.64286839054551204	0.43578582554079798	0.27962664893113798	SIB1-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.15504617066962001	0.13583755240203399	8.8225333757976199E-2	anchor cell with SIB1 for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.11588101427382801	-0.104596264429775	-6.8015555266608699E-2	
ESG(%)







Cat2-SSB/SIB1-less SCell, low load

(SSB+SIB1)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.245061807078266	0.134360040782354	9.4084894892893303E-2	SIB1-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.107898246392471	6.2295747106800498E-2	3.3147553930938302E-2	anchor cell with SIB1 for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-7.4644291544461699E-2	-4.29543371441213E-2	-2.29593313636384E-2	
ESG(%)







TDD, FTP3, SSB-less SCell, zero load

ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.97399999999999998	0.93899999999999995	0.88400000000000001	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.83799999999999997	0.82399999999999995	0.82099999999999995	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0	0	0	
ESG(%)


UPT gain(%)







TDD, FTP3, SSB-less SCell, low load

ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.58409764307185996	0.35211950106591999	0.21149042721723901	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.15161521357043101	7.4849172247151194E-2	6.1121327809204103E-2	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	1.3451685508669899E-2	1.01516803014961E-2	9.9881298115398493E-3	
ESG(%)


UPT gain(%)







FDD, IM, SSB-less SCell, zero load

ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.97299999999999998	0.93799999999999994	0.88300000000000001	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.82	0.80700000000000005	0.80400000000000005	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0	0	0	
ESG(%)


UPT gain(%)







FDD, IM, SSB-less SCell, low load

ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.72669064251694704	0.517063832671252	0.34911093026874301	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.25021184472212499	0.16957443984974099	0.154608072824621	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	3.0643670481189898E-2	1.0316119537520801E-2	5.7081650759700196E-3	
ESG(%)


UPT gain(%)







TDD, FTP3 traffic, UL+SSB-less SCell, low load

ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.39331490367801702	0.22412648045368799	0.187106379110972	
ESG(%)





TDD, FTP3 traffic, DL+SSB-less SCell, low load

ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.15161521357043101	7.4849172247151194E-2	6.1121327809204103E-2	
ESG(%)





RU=8.8% 20k TDD

ESG	
48T	32T	16T	dynamic	7.7672460419605502E-2	0.155309730645081	0.23526405561762401	0.27088627433420298	UPT	
48T	32T	16T	dynamic	0.98499999999999999	0.95499999999999996	0.88939999999999997	0.99099999999999999	





RU=20% 20k TDD

ESG	
48T	32T	16T	dynamic	dynamic	0.10784114076177399	0.21716832699145	0.33749918396067902	0.28705534404156902	0.31328126276573098	UPT	
48T	32T	16T	dynamic	dynamic	0.98499999999999999	0.92961943672398195	0.84694577201460497	0.98499999999999999	0.93	





20k TDD RU=32%

ESG	
48T	32T	dynamic	0.124512166692732	0.24634457270276799	0.23760000000000001	UPT	
48T	32T	dynamic	0.96662698388280599	0.89556602513983397	0.98829999999999996	UPT loss	
48T	32T	dynamic	3.3373016117193802E-2	0.10443397486016601	1.17E-2	





RU=10% 0.1M TDD

ESG	
48T	32T	dynamic	dynamic	dynamic	5.5874854448977697E-2	0.10972074651845599	7.5981401918662803E-2	0.110999941145312	0.126502265905479	UPT	
48T	32T	dynamic	dynamic	dynamic	0.93109344609015399	0.81611677242331804	0.96900975916047205	0.94958908545591403	0.93970772205490505	





RU=20% 0.1M TDD

ESG	
48T	32T	dynamic	dynamic	dynamic	dynamic	9.0780374070287898E-2	0.18635371099171699	0.137584619550501	0.16265908475494201	0.18674970665222501	0.211463128441195	UPT	
48T	32T	dynamic	dynamic	dynamic	dynamic	0.93678997606236802	0.85122105325963304	0.97480021593229904	0.95867225081208096	0.94854183112099399	0.93041408813208804	UPT loss	
48T	32T	dynamic	dynamic	dynamic	dynamic	6.3210023937631907E-2	0.14877894674036701	





RU=40% 0.1M TDD

ESG	
48T	32T	dynamic	dynamic	0.11827680740576001	0.24980601044883499	0.15668416953496	0.17087279853277401	UPT	
48T	32T	dynamic	dynamic	0.91990799672029899	0.79123037282540598	0.97111125676216603	0.95840404481406105	UPT loss	
48T	32T	dynamic	dynamic	8.0092003279700993E-2	0.20876962717459399	





RU=5% 20K FDD

ESG	
24T	16T	8T	4.7717364366452103E-2	9.6226744311737306E-2	0.14768145089468401	UPT	
24T	16T	8T	0.97973436545175896	0.94392570703086498	0.87495275408383	





RU=11% 20K FDD

ESG	
24T	16T	8T	7.9870932692799407E-2	0.15908091065473401	0.25288090439479799	UPT	
24T	16T	8T	0.96932187914332901	0.90246921484322595	0.80636376336667603	





RU=20% 20K FDD

ESG	
24T	16T	8T	9.58040479217485E-2	0.19670422714482799	0.32070530342786302	UPT	
24T	16T	8T	0.94814366412324702	0.87132162035277905	0.76073652532950498	





RU=5% 4K FDD

ESG	
24T	16T	8T	dynamic	7.8598904098894501E-2	0.157918085476103	0.24275171627356401	0.18079071323642901	UPT	
24T	16T	8T	dynamic	0.99576076440244599	0.982765697105494	0.964619915284607	0.99378618399404794	





RU=13% 4K FDD

ESG	
24T	16T	8T	dynamic	0.111699804556827	0.226546122419817	0.34972759043909502	0.236568280298464	UPT	
24T	16T	8T	dynamic	0.993330701726862	0.98500838261708601	0.96157114328266502	0.99840170596802202	





RU=28% 4K FDD

ESG	
24T	16T	8T	dynamic	0.139631081155108	0.27824868063161601	0.43391363405491401	0.19382418740382301	UPT	
24T	16T	8T	dynamic	0.98144071503889796	0.93835042225044096	0.85845463077525497	0.99256927037423603	





RU=48% 4K FDD

ESG	
24T	16T	dynamic	0.143033287358865	0.29373903501725601	0.13704684161099401	UPT	
24T	16T	dynamic	0.94525170980772	0.853724081079824	0.98986655114272604	





RU=10% 20k TDD

ESG	
53.75dBm	52dBm	dynamic	2.3049270943275999E-2	6.4377230727397997E-2	0.120632717258673	UPT	
53.75dBm	52dBm	dynamic	0.99438731999999996	0.98738815951302195	0.99618490000000004	





RU=20% 20k TDD

ESG	
53.75dBm	52dBm	dynamic	4.3804565810662298E-2	0.100667908907093	0.166309907024625	UPT	
53.75dBm	52dBm	dynamic	0.98183331348968295	0.98167590620553102	0.99653930000000002	





RU=31% 20k TDD

ESG	
53.75dBm	52dBm	dynamic	dynamic	6.0134093371871498E-2	0.12945360116566401	0.1638	0.23760000000000001	UPT	
53.75dBm	52dBm	dynamic	dynamic	0.96201082152943296	0.97617288693772797	0.99729999999999996	0.98829999999999996	





FTP TDD, 52dBm

ESG	
RU = 4.7%	RU = 9.6%	RU = 23.5%	RU = 38.4%	3.9422974631324E-2	6.9878034607143397E-2	0.122345551779625	0.166305311895658	UPT	
RU = 4.7%	RU = 9.6%	RU = 23.5%	RU = 38.4%	0.94261618103864897	0.95681865937418098	0.94520761403176301	0.90191777190141598	





RU=13% 0.1M FDD

ESG	
47.75dBm	46dBm	5.9243303679043201E-2	0.11784220084076701	UPT	
47.75dBm	46dBm	0.99359582391365697	0.98435688169032598	





RU=29% 0.1M FDD

ESG	
47.75dBm	46dBm	8.5798517658619303E-2	0.170098469254301	UPT	
47.75dBm	46dBm	0.99948646282370901	0.99245972437866004	





TDD, FTP3, Cell WUS, low load

ESG-Cat1	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	7.4107164619486798E-2	0.19596889623163599	0.23795465946165301	ESG-Cat2	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	6.2006019225199299E-2	6.4410464043359594E-2	6.4811204846386195E-2	UPT loss	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	6.5974076018863702E-3	2.58740151260646E-2	5.0434508770513198E-2	
ESG(%)


UPT loss(%)
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