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1. [bookmark: _Ref27419]Introduction
In 3GPP RAN1#110bis-e meeting, the NW energy saving techniques were discussed and some agreements were achieved in [1] and summarized in R1-2210620 [2], which can be considered as a starting point for further discussion. 
	Agreement
The following are description of a potential energy saving techniques being discussed in RAN1. The benefits and performance impact of the candidate techniques are subject to further RAN1 evaluations, while RAN1 is discussing the following techniques may have potential impact to other WGs (FFS: RAN4 impact). The impact is not an exhaustive list nor represent definitive list of impacts to WGs and is subject to further changes as RAN1 progress work for the SI.
The description of the technique does not imply the technique will be automatically captured to the TR, but assumed to be the basis for the description in the TR if agreed. Note that this is only to be used as a starting point to finalized the TR in November.
· Note: further merging of techniques (e.g. #A-6 and #A-1) is not precluded.
· Time domain technique description available in: 
· Proposal #2-1H of R1-2210620 Section 3 
· Proposal #2-2J of R1-2210620 Section 3 
· Proposal #2-3H of R1-2210620 Section 3 
· Proposal #2-4H of R1-2210620 Section 3 
· Proposal #2-6J of R1-2210620 Section 3 
· Frequency domain technique description available in: 
· Proposal #3-1I of R1-2210620 Section 3 
· Proposal #3-2F of R1-2210620 Section 3 
· Proposal #3-3F of R1-2210620 Section 3 
· Spatial domain technique description available in: 
· Proposal #4-1J of R1-2210620 Section 3 
· Proposal #4-2G of R1-2210620 Section 3 
· Power domain technique description available in: 
· Proposal #5-1I of R1-2210620 Section 3 
· Proposal #5-2H of R1-2210620 Section 3 
· Proposal #5-3H of R1-2210620 Section 3 
· Proposal #5-4H of R1-2210620 Section 3 
· Proposal #5-5D of R1-2210620 Section 3 


In this contribution, the techniques of network energy saving in time/frequency, spatial, power domain are further discussed.
2. Network energy saving techniques
The network energy saving techniques can be classified from multiple domains aspects. In this section, the techniques in different domains are discussed.
2.1. Network energy saving techniques in time domain
Network can deactivate some components (e.g. cell, carrier, band) for energy saving. However, the semi-static activation/de-activation mechanism may cause a large delay and affect the user experience. To resolve this issue, a dynamic time domain on-off operation should be considered. Given the current specification, the chance of on-off operation is mainly determined by the periodic DL common signal/channel (e.g. SSB, SIB).
[bookmark: _Toc102067902]To be more specific, the periodicity of SSB transmission is assumed to be 20ms by default, while the periodicity of SIB1 can be sparser according to TS38.331. The dense transmission of the DL common signal/channel reduces network sleep opportunity and increases network power consumption, especially in the case of empty/low load. In order to achieve the network energy saving, DL common signal/channel reduction should be taken into consideration. To exploit more power saving benefits from SIB relaxation, SIB-less cell can be considered.
Based on this, two time-domain based energy saving techniques have been formulated as below.
	· Technique #A-1 Adaptation of common signals and channels
· Adapting the transmission pattern (when applicable) of downlink common and broadcast signals, such as SSB/SI/paging/cell common PDCCH, and/or the transmission pattern/availability of uplink random access opportunities. 
· Technique #A-6 Adaptation of SSB/SIB1
· On-demand SSBs/SIB1 transmissions may also enable long periods of inactivity at the gNB to achieve gNB energy saving. 
· SSB/SIB1 transmission on the serving cell can be triggered by on-demand SSB/SIB1 request.
· The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified signals transmitted on the same carrier.




· Technique #A-1 Adaptation of common signals and channels
For technique #A-1, the adaptation of transmission pattern including the periodicity is considered. Figure 1 shows an example when there are less UEs in a cell and the traffic load is low, the SSB/SIB transmission can be relaxed for single cell operation. 
[image: ]
Figure 1 SSB/SIB reduction in serving cell
It is understood the reduced SSB/SIB transmission in serving cell can be beneficial to network energy saving. However, the impact on UE initial access should also be considered.
· Technique #A-6 Adaptation of SSB/SIB1
For technique #A-6, SIB-less and/or SSB-less cell is considered for network energy saving. As shown in Figure 2, the SSB/SIB transmission in non-anchor cell can be eliminated. In this case, UEs in SIB1-less and SSB-less cell can obtain synchronization based on SSB transmitted in anchor cell. System information for UEs in anchor cell and non-anchor cell are different and UEs in SIB1-less cell cannot directly obtain SIB1 from the original SIB1 transmitted in anchor cell, so anchor cell has to additionally transmit SIB1 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.
However, if the additional SIB1 transmitted in anchor cell is exact the same with the eliminated SIB1 in non-anchor cell, the saved energy of SIB1 transmission in non-anchor cell will be equal to the increased energy of anchor cell with additional SIB1 transmission. To be energy efficient, enhanced solutions may need to make sure the number of symbols of additional SIB1 in anchor cell is reduced. In the SLS, it is assumed that the additional SIB1 is reduced to half of the original SIB1 in non-anchor cell. 
[image: ]
Figure 2 SIB-less and/or SSB-less cell
Configuration patterns of SSB and SIB1 for baseline are shown in Table 1, where the periodicity of SSB is 20ms and SSB occupies 20RBs in frequency domain and 2 SSB bursts per slot in time domain. 
Based on TS 38.331, the repetition period of SIB1 within 160ms is based on network implementation. Therefore, a typical value of 40ms in the deployment is considered in the evaluation. Furthermore, since the SIB1 payload size is less than 1000bits, the resources of 12RBs in frequency domain and 12 symbols in time domain is sufficient for the coverage requirement of most scenarios. Other simulation assumptions are presented in [3]. 
Table 1 Configuration patterns of SSB and SIB for baseline
	Parameters 
	TDD

	SS blocks per SSB burst
	8 

	SSB time resource
	4 symbols for each SSB

	SSB frequency resource
	20 RBs

	SIB1 transmission repetition periodicity
	40 ms

	SIB1 time resource
	8 slots

	SIB1 frequency resource
	12 RBs



Figure 3 shows the simulation results of energy saving gain of SIB-less and/or SSB-less cell relative to baseline for TDD. Energy increase of anchor cell with additional SIB transmission for SIB-less cell relative to normal cell is also provided. In addition to the baseline configuration provided in Table 1, the energy saving gain compared with other SSB and SIB configurations with periodicity of 80ms and 160ms are also shown in Figure 3.
	
	

	
	


Figure 3 Simulation results of SIB-less and/or SSB-less cell for TDD
It is observed that the SSB-less and SIB-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. SIB-less scheme can obtain 19.3%~23.5% and 3.7%~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 SIB-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 SIB-less scheme can obtain 28% ~ 64.3% and 9.4%~24.5% energy saving gain with Cat1 and Cat2 power model respectively for TDD, while SIB-less scheme can obtain 8.8%~15.5% and 3.3%~10.8% energy saving gain with Cat1 and Cat2 power model respectively. Hence, the energy saving gain from SSB-less cell and SIB-less cell is about 2~4 times of that of SIB-less cell in low load scenario.
In addition to the energy saving gain in non-anchor cell, the increased power consumption of anchor cell with additional SIB 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 SIB transmission for non-anchor cell have 14.1%~18.9% and 2.4%~8% energy increase with Cat1 and Cat2 power model respectively for TDD. In low load scenario, the energy increase in anchor cell is 6.8%~11.6% and 2.3%~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.
[bookmark: _Toc31405]In zero load scenario, compared with the baseline SIB and SSB configurations, 
· [bookmark: _Toc23856]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: _Toc26607]SIB-less cell can obtain 19.3%~23.5% and 3.7%~12.1% energy saving gain with Cat1 and Cat2 power model respectively for TDD.
· [bookmark: _Toc31375]the energy saving gain from SSB-less cell and SIB-less cell more than 4 times of that of SIB-less cell.

[bookmark: _Toc3339]In low load scenario, compared with the baseline SIB and SSB configurations, 
· [bookmark: _Toc3506]SIB-less and SSB-less cell can achieve 28% ~ 64.3% and 9.4%~24.5% energy saving gain with Cat1 and Cat2 power model respectively. 
· [bookmark: _Toc24025]SIB-less cell can obtain 8.8%~15.5% and 3.3%~10.8%energy saving gain with Cat1 and Cat2 power model respectively.
· [bookmark: _Toc18367]The energy saving gain from SSB-less cell and SIB-less cell is about 2~4 times of that of SIB-less cell.
[bookmark: _Toc18669]Compared with the normal anchor cell, 
· [bookmark: _Toc24306]anchor cell with additional SIB transmission for non-anchor cell has 14.1%~18.9% and 2.4%~8% energy increase with Cat1 and Cat2 power model in zero load scenario.
· [bookmark: _Toc3490]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: _Toc14089]the increased energy consumption in anchor cell is comparable to the saved energy in non-anchor cell.
[bookmark: _Toc17252]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. For the UEs in RRC idle/inactive states, UEs can obtain synchronization and system information via anchor cell for initial access. When UEs enter into RRC connected state, the TRS/CSI-RS transmitted in non-anchor cell can be considered to allow UEs to acquire synchronization and perform measurement.
[bookmark: _Toc5550]Both SSB-less and SIB-less should be supported in non-anchor cell for network energy saving technique.
[bookmark: _Toc30910]Update the technique description as below.
	· Technique #A-6 Adaptation of SSB/SIB1
· For SSB-less and/or SIB-less carrier/cell, the The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified reference signals transmitted on the same carrier.




· Technique #A-3: Wake up of gNB triggered by UE wake up signal (WUS)
For Technique #A-3, considering the impact of network energy saving techniques on system performance (e.g., throughput, latency, etc.) and user experience, an energy saving fallback mechanism, such as an uplink wake-up mechanism (WUS), is studied. 
When the network enters into an energy saving state with eliminated DL common signal/channel transmission, the access delay may be increased. In this case, a wake-up mechanism can be introduced to ensure immediate response/service by the network and minimize the impact on user experience. As shown in Figure 4, when an energy saving state with no DL common signal is supported, UE can transmit uplink WUS to the network based on inter-band SSB. After receiving the WUS, the network can adjust the SSB transmission to respond to the UE’s requirement. 
[image: ]
[bookmark: _Ref14504]Figure 4 DL common signal/channel adaptation with WUS
According to the above analysis of the cases for WUS, a scheme of WUS triggering wake up of an energy saving mode cell is simulated. The simulation assumes that when no UEs camps on a serving cell or all of UEs in RRC idle state, the serving cell can switch into energy saving mode, e.g. SIB-less and SSB-less cell. When UE wants to camp on the cell in energy saving mode, UE can send a WUS to gNB during WUS transmission occasions. After receiving the WUS, the network performs normal SSB/SIB transmission, e.g. based on SSB/SIB configuration patterns of baseline. 
Figure 5 shows the simulation results of energy saving gain and UPT loss of cell WUS relative to cell configured with the baseline SSB/SIB transmission for TDD. 
	
	


Figure 5 Simulation results of Cell WUS scheme
It is observed that compared with the cell with normal mode, the cell WUS scheme can obtain 4.9%~23.8% and 4.5%~6.5% energy saving gain for TDD with Cat1 and Cat2 power model respectively with 0.11%~5.04% UPT loss in the cases of low and light load scenarios. 
It is observed that in the low load, the cell WUS scheme can obtain 7.4%~23.8% and 6.2%~6.5% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.66%~5.04% UPT loss. In the light load, the cell WUS scheme can obtain 4.9%~15.5% and 4.5%~4.7% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.11%~0.86% UPT loss. 
[bookmark: _Toc18900]For cell WUS scheme,
· it can obtain 7.4%~23.8% and 6.2%~6.5% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.66%~5.04% UPT loss in the low load;
· it can obtain 4.9%~15.5% and 4.5%~4.7% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.11%~0.86% UPT loss in the light load.
[bookmark: _Toc784][bookmark: _Toc12007][bookmark: _Toc8298][bookmark: _Toc27829]An uplink WUS sent by UE can be considered for DL common signal/channel (e.g., SIB/SSB) adaptation.

· Technique #A-4: Adaptation of DTX/DRX
For Technique #A-4, DRX alignment is considered for network energy saving. Figure 6 shows an example that gNB aligns UE-specific DRX patterns in a cell, so that gNB can schedule all UEs’ data during the same DRX onduration. After processing data transmission for all of UEs completely, gNB can sleep for a longer time duration.
[image: ]
Figure 6 DRX alignment
Figure 7 shows the simulation results of energy saving gains and UPT loss of DRX alignment for TDD. 
	
	
	


Figure 7 Simulation results of DRX alignment scheme
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 low load scenario. It can be also observed that the unfinished packet of DRX alignment scheme is increased compared with 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: _Toc9326]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 t low load scenario.

2.2. Network energy saving techniques in frequency domain
· Technique #B-1: Multi-carrier energy savings enhancements
For the connected-mode UEs configured with CA, gNB can perform DL/UL data transmission on each cell. For the SCell with low or no DL traffic load, SSB occupies most of the DL occasions, in which BS cannot enter into a sleep mode for energy saving. In this situation, the power consumption of SSB transmission results in a significant amount of network power consumption. Therefore, SSB transmission reduction on SCells is an important solution to reducing base station power consumption.
As shown in Figure 8 the SCell can be implemented as an SSB-less SCell for network energy saving. In Release 15, SCell without SSB is supported for intra-band CA [4]. 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. 
[image: ]
Figure 8 SSB-less SCell in CA
Simulation results for SSB-less SCell relative to SSB periodicity of {20ms, 80ms, 160ms} are provided in Figure 9, where DL traffic of FTP3 and IM is assumed.
	
	

	
	


Figure 9 Evaluation results of SSB-less for inter-band CA with DL traffic
As shown in Figure 9, the energy saving gain and UPT gain of SSB-less SCell scheme relative to different SSB transmission period are given. For the zero load scenario, the SSB-less SCell can obtain 88.4%~97.4% and 82.1% ~83.8% energy saving gain for with Cat1 and Cat2 power model respectively for TDD; SSB-less SCell can obtain 88.3% ~97.3% and 80.4% ~82.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD. 
In addition, it can be observed that in low load scenario, 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; SSB-less SCell scheme can obtain 34.9%~72.7% and 15.5%~25.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD. 
It can be also observed that the SSB-less SCell can provide higher UPT due to the SSB overhead reduction.
[bookmark: _Toc14734]In zero load scenario, SSB-less SCell can obtain 88.4%~97.4% and 82.1%~83.8% energy saving gain for with Cat1 and Cat2 power model respectively for TDD; SSB-less SCell can obtain 88.3%~97.3% and 80.4%~82.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD.
[bookmark: _Toc32601]With low load DL traffic, SSB-less SCell can obtain 21.1%~58.4% and 6.1%~15.2% energy saving gain with Cat1 and Cat2 power model respectively for TDD; SSB-less SCell can obtain 34.9%~72.7% and 15.5%~25.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD.
When there is no SSB transmitted on the SCell, UEs’ acquisition of synchronization and timing, etc., were discussed in previous meetings. 
Based on current BS implementation, even for inter-band CA, high time synchronization accuracy between the cells in different bands can be achieved. To be specific, the timing alignment performance for inter-band CA is comparable with RAN4 requirements for intra-band CA. Especially for the case that the SSB-less SCell is in the same TAG with SpCell or a normal SCell, the TA will be maintained based on the SpCell or the normal SCell in the same TAG, which can be ensured by NW implementation. With these assumptions, the timing of SSB-less SCell can directly refer to another cell (e.g. SpCell or other SCell with SSB). 
[bookmark: _Toc23187][bookmark: _Toc23079][bookmark: _Toc163][bookmark: _Toc21270][bookmark: _Toc676]The synchronization and TA issue of SSB-less SCell can be handled by NW implementation.
The necessity of the transmission of other reference signal, such as TRS, for synchronization and AGC adjustment also needs discussion. At least in the case when there is no DL traffic in the SCell without SSB, the operations of DL synchronization and AGC correction in the SCell can be omitted. In this case, TRS is not needed for the SSB-less SCell.
[bookmark: _Toc3625][bookmark: _Toc12805][bookmark: _Toc14591][bookmark: _Toc14602][bookmark: _Toc8754]TRS is not needed for the SSB-less SCell at least in the case when there is no DL traffic in the SCell.
Based on the above analysis, the evaluations of SSB-less SCell with UL traffic are performed. According to our observation of current BS implementation, 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 the implementation, and it is used for UL traffic evaluation.
[bookmark: _Toc12569]The UL power state in Cat 2 power consumption model is more consistent with the current BS implementation.
The simulation results of SSB-less SCell with UL or DL traffic are shown in Figure 10. In the evaluations of UL traffic, 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. 
	
	


Figure 10 Evaluation results of SSB-less for inter-band CA for UL traffic and DL traffic
As shown in Figure 10, with UL traffic, the SSB-less SCell scheme can obtain 18.7%~39.3% energy saving gain Cat2 power model for TDD. The energy saving gain from SSB-less SCell with UL traffic is about twice of the gain from SSB-less SCell with DL traffic in the low load scenario.
[bookmark: _Toc9916]With UL traffic, the SSB-less SCell scheme can obtain 18.7%~39.3% energy saving gain Cat2 power model for TDD in low load scenario.
The energy saving gain from SSB-less SCell with UL traffic is about twice of the gain from SSB-less SCell with DL traffic in the low load scenario.Based on the evaluation results and observation, we have the following proposal.
[bookmark: _Toc31443]SSB-less SCell should be supported for inter-band CA. 
Besides, the procedure of SSB-less SCell activation should be considered. In Rel-17, a fast/efficient SCell activation is specified, where aperiodic TRS (i.e., temporary RS) can be triggered by SCell activation MAC CE. The similar mechanism can be considered for the activation of SSB-less SCell. Moreover, in the case of SSB-less SCell without DL traffic, whether the aperiodic TRS is needed during the SCell activation procedure should be discussed.
[bookmark: _GoBack]The Rel-17 SCell activation procedure is shown in Figure 11 where the aperiodic TRS is introduced for ACG, synchronization function provided by SSB. In the case there is no DL traffic, the AGC in the SCell can be omitted and synchronization can rely on PCell. Therefore, the aperiodic TRS for SCell activation can be eliminated for UL traffic, as shown in Figure 11. In this way, the latency of fast SCell activation could be reduced to about 6ms. 
[image: ]
Figure 11 SCell activation procedure
[bookmark: _Toc23978]The SCell activation delay can be reduced for inter-band SSB-less SCell without DL traffic.
[bookmark: _Toc18014][bookmark: _Toc16829][bookmark: _Toc12216][bookmark: _Toc32582][bookmark: _Toc26248]For inter-band SSB-less SCell, enhancement of SCell activation procedure should be supported for scenarios with UL only traffic. TRS is not needed for the SSB-less SCell at least in the case when there is no DL traffic in the SCell.
Based on the analysis, the following modification of the Proposal #3-1I in R1-2210620 [2] are proposed. 
[bookmark: _Toc9448]Update the technique description as below. 
	· Technique #B-1: Multi-carrier energy savings enhancements
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission., In addition, in order to enable faster activation and deactivation of SCell, the SCell activation procedure for inter-band SSB-less SCell without DL traffic can be enhanced.




2.3. Network energy saving techniques in spatial domain
Massive MIMO, which allows spatial or multi-path diversity, is a major and effective technology to accommodate 5G requirements. However, the cost arising from massive MIMO is the increased base station power consumption and OPEX due to the large amount of TxRUs and the associated hardware processing units, including power amplifier.
Considering the traffic load or the number of served UEs varies within a day, a promising solution to network energy saving is switching off base station TxRUs when the traffic load is low, as shown in Figure 12. 
[image: ]
Figure 12 Antenna adaptation for network power saving
[bookmark: _Toc24610][bookmark: _Toc21886][bookmark: _Toc374][bookmark: _Toc11662]The spatial domain adaptation with TxRU activation/de-activation should be supported for network energy saving.
For the impact of TxRU de-activation, one obvious aspect is that the transmission power will reduce. And the transmission of reference signal/channel may be affected.
An example is shown in Figure 13. The number of CSI-RS ports is configured as 32 which is the maximum value promised by current specification. If one half of TxRUs are switched off, the available number of CSI-RS ports is also reduced to one half. That is, if partial TxRUs are switching off, the reference signals with a large port number cannot be supported, and the measurement of UE will also be influenced. However, according to the current specification, the number of ports for DL reference signal, such as CSI-RS, is semi-statically configured via RRC. And if the port configuration needs to be updated, the signaling overhead will increase significantly and the spectrum efficiency will decrease during the reconfiguration period.
[bookmark: _Toc28798][bookmark: _Toc10048][bookmark: _Toc6092][bookmark: _Toc11003][bookmark: _Toc22937]RRC reconfiguration is needed to update the configuration of reference signals due to the TxRU de-activation, which will increase the signaling overhead and decrease the spectrum efficiency.
[image: ]
Figure 13 Impact of TxRU de-activation on antenna ports
Meanwhile, the case that the number of antenna ports is not influenced by the TxRUs de-activation or activation should also be considered. As shown in Figure 14, when the number of CSI-RS ports is configured as 16, even half of the TxRUs are de-activated, there are sufficient TxRUs to be mapped into 16 ports.
[image: ]
Figure 14 Impact of TxRU de-activation on antenna ports
If the number of TxRUs change, the virtualization between the physical antenna elements and antenna port will be updated accordingly. It implies the CSI measurement based on the previous configuration of TxRU may be out-of-state.
[bookmark: _Toc11222][bookmark: _Toc11905][bookmark: _Toc6485][bookmark: _Toc18530][bookmark: _Toc32462]CSI measurement results may be out-of-state if partial TxRUs are de-activated. 
To summarize, there are two important issues that should be solved for dynamic TxRUs adaptation. One is to indicate the updated number of ports, and the other is to provide an accurate channel state information by UE.
[bookmark: _Toc6288][bookmark: _Toc231][bookmark: _Toc24995][bookmark: _Toc24287][bookmark: _Toc6698]The following issues need to be considered for dynamic spatial domain adaptation
· The mismatch between CSI-RS configurations and the number of TxRUs.
· The measurement/report results, including CSI measurement/report, may be out-of-state even if the reference signal configuration does not need to be updated.
[bookmark: _Toc23518]For the first issue, it will be helpful if the reference signal configurations can be dynamically changed by DCI or MAC CE. For example, an indication of available maximum CSI-RS port number can be used to notify UE the updated CSI-RS resources, UE can stop measuring on the invalid CSI-RS resources (e.g., CSI-RS resource with port configuration greater than the maximum CSI-RS port number) and provides a more accuracy measurement results.
For the second issue, UE needs to drop the previous measurement results and re-measure according to the new CSI-RS after spatial domain adaptation. To realize the timely and accurate CSI reporting, UE should know when the gNB adapts the antenna and perform CSI measurement/report accordingly.
Another method to reduce the influence of TxRU de-activation is that UE can report multiple CSI based on different ports, so that gNB can make a better decision on TxRUs off/on operation. Moreover, a dynamic adaptation considering UE feedback and traffic arrival can explore network energy saving gain and minimize the system performance impact.
[bookmark: _Toc10242][bookmark: _Toc15471][bookmark: _Toc9165][bookmark: _Toc28685][bookmark: _Hlk115361672]Dynamic indication of CSI-RS re-configuration via DCI or MAC CE for spatial domain adaptation should be considered.
[bookmark: _Toc22022][bookmark: _Toc3356][bookmark: _Toc19566][bookmark: _Toc20301]The enhancement on CSI measurement/report should be considered for spatial domain adaptation.
Based on the above discussion, we have following proposal.
[bookmark: _Toc22867][bookmark: _Toc25056][bookmark: _Toc22388][bookmark: _Toc23206]Capture the following description of dynamic adaptation of spatial elements in TR
· [bookmark: _Toc6908][bookmark: _Toc18951][bookmark: _Toc25719][bookmark: _Toc11455][bookmark: _Toc19273][bookmark: _Toc4807][bookmark: _Toc16111][bookmark: _Toc9201]UE should be informed of the spatial adaptation from gNB via DCI or MAC CE. The indication includes, e.g., CSI-RS/reporting re-configuration information. 
· Enhancements on CSI measurement/reporting, including enhanced CSI reporting, multi-CSI report
The following schemes about adaptation of spatial element are evaluated. 
Scheme 1: TxRU configuration reduction: reducing 64TxRU to 48TxRU, 32TxRU or 16TxRU
Scheme 2: dynamically change the TxRU among {64TxRU, 32TxRU, 16TxRU, 8TxRU, 4TxRU} via multi-CSI.
The antenna configurations are shown in Table 12. The traffic model is FTP3 with packet size of 20Kbyte, the evaluation results are shonw in Figure 15. Other simulation assumptions and more evaluation results are provided in [3].
Table 2 BS antenna configuration for TxRU adaptation
	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



	
	


Figure 15 Energy saving gain and UPT of antenna reduction
According to the simulation results, the TxRU reduction can provide a large energy saving gain, but it will increase the RU and degrades UE throughput. Compared with TxRU reduction, dynamic adaptation of TxRU via multi-CSI can provide more energy saving gainand less UPT loss. 
To be more specific, in low load (RU=8.8%) case, TxRUs reduction obtains 7.77%~23.53% energy saving gain with 1.5%~11.06% UPT loss; dynamic TxRUs adaptation via multi-CSI obtains 27.09% energy saving gain with 0.9% UPT loss. In light load (RU=20%) case, TxRUs reduction obtains 10.78%~33.75% energy saving gain with 1.5%~15.31% UPT loss; dynamic TxRU adaptation via multi-CSI obtains 28.71%~31.33% energy saving gain with 1.5%~7% UPT loss. 
[bookmark: _Toc25087]In low load (RU=8.8%) case, TxRUs reduction obtains 7.77%~23.53% energy saving gain with 1.5%~11.06% UPT loss; dynamic TxRUs adaptation via multi-CSI obtains 27.09% energy saving gain with 0.9% UPT loss. 
[bookmark: _Toc1755]In light load (RU=20%) case, TxRUs reduction obtains 10.78%~33.75% energy saving gain with 1.5%~15.31% UPT loss; dynamic TxRU adaptation via multi-CSI obtains 28.71%~31.33% ESG with 1.5%~7% UPT loss. 
[bookmark: _Toc20798]Compared with TxRU reduction, dynamic adaptation of TxRU via multi-CSI can provide a larger energy saving gain and less UPT loss. 

2.4. Network energy saving techniques in power domain
Another straightforward method to reduce the network power consumption is reducing the downlink transmission power in low/medium load scenarios.
Generally, gNB provides full power allocation for the DL transmission. However, the fixed transmission power (e.g., PSD) is not beneficial to NW power consumption. Meanwhile, fixed PSD would also cause constant interference to another base station/UE. As a consequence, the interference would result in more retransmission for both gNB and UE, which costs more power consumption. 
[bookmark: _Toc22538][bookmark: _Toc15388][bookmark: _Toc18322][bookmark: _Toc13952][bookmark: _Toc26868]Fixed DL transmission power cannot adapt to requirements of NW power saving, UE power saving and interference management.
Therefore, the dynamic power adjustment can adapt to different channel conditions and keep the performance impact under control. And it would also bring UE and gNB energy saving gain.
[bookmark: _Toc21725][bookmark: _Toc17671][bookmark: _Toc32415][bookmark: _Toc4927][bookmark: _Toc11890]Dynamic power adjustment can help UE and gNB power saving and keeps performance impact under control.
Based on the simulation results in Figure 16, 3.9%~16.63% network energy saving gain is observed in the case RU=4.7%~38.4% when NW transmission power is reduced by 3dB. More evaluation results can be found in our companion contribution [4].

Figure 16 Energy saving gain from power reduction by 3dB
[bookmark: _Toc25180][bookmark: _Toc11192][bookmark: _Toc6072][bookmark: _Toc18994]3.9%~16.63% network energy saving gain is observed in the case RU=4.7%~38.4% when NW transmission power is reduced by 3dB.
To achieve dynamic power adjustment, power related information, similar as CQI, can be reported to gNB. Then gNB can accurately sense the required power parameters based on the reported information. Moreover, multi-CSI can be also considered to assist network transmission power adaptation. 
[bookmark: _Toc30349][bookmark: _Toc27265][bookmark: _Toc22115][bookmark: _Toc790][bookmark: _Toc26905]More information, such as dynamic DL power allocation, multi-CSI, reported by UE can be considered for NW ES in power domain.
For the periodic CSI-RS, the parameter powerControlOffsetSS is the assumed ratio of NZP CSI-RS EPRE to SS/PBCH block EPRE, which is configured via RRC signaling. When the PSD is dynamically adapted, a dynamic power allocation for CSI-RS is more beneficial for the network power saving.
Furthermore, the semi-static parameter powerControlOffset which indicates the DL power offset between PDSCH and CSI-RS will be impacted by the dynamic adaptation of transmission power. Hence, multiple CSI-RS configured with different powerControlOffset can be considered. 
[bookmark: _Toc1603][bookmark: _Toc2959][bookmark: _Toc27546][bookmark: _Toc1679][bookmark: _Toc6412]Dynamic DL power control for reference signal can be considered for NW ES in power domain. Multiple CSI-RS configurations with different powerControlOffset can be considered.
Based on the above analysis, dynamic DL power control would be beneficial to the NW ES. Further, the expected specification impacts for TR report also need to be discussed. For example, the following aspects may need to be considered.
· Co-existence issue. If the transmission power or PSD of common signal is reduced, it may impact the measurement of legacy UE. Therefore, co-existence issue or NBC issue may need to be considered.
· Dynamically indication of the variable transmission power of a reference signal. For example, the indication via DCI, MAC CE or other dynamic ways can be considered. 
· If the closed-loop power control for the downlink is needed, UE feedback information, e.g, muti-CSI reporting, power adjustment indication also needs to be discussed.
In conclusion, we have the following proposals.
[bookmark: _Toc2120][bookmark: _Toc4399][bookmark: _Toc6898][bookmark: _Toc6268][bookmark: _Toc8713]The following aspects for power domain adaptation techniques should be captured in the TR
· [bookmark: _Toc12737][bookmark: _Toc8006][bookmark: _Toc26370][bookmark: _Toc819][bookmark: _Toc31851][bookmark: _Toc433]Feature description for adaptation of transmission power of reference signals/channels
· [bookmark: _Toc7754][bookmark: _Toc19302][bookmark: _Toc6749][bookmark: _Toc32065][bookmark: _Toc841][bookmark: _Toc3634]Dynamic power control, e.g., dynamically reducing the transmission power or PSD of signals and channels, e.g. SSB, CSI-RS, PDSCH
· [bookmark: _Toc2164][bookmark: _Toc31291][bookmark: _Toc14685][bookmark: _Toc7495][bookmark: _Toc23323][bookmark: _Toc18814]UE feedback/report power information, e.g., CSI reporting, power adjustment indication, etc.
· [bookmark: _Toc12215][bookmark: _Toc28696][bookmark: _Toc21242][bookmark: _Toc15048][bookmark: _Toc15823][bookmark: _Toc17818]Performance impacts:
· [bookmark: _Toc9140][bookmark: _Toc20327][bookmark: _Toc17925][bookmark: _Toc32580][bookmark: _Toc26583][bookmark: _Toc2458]Energy saving gains, UPT loss, and other evaluation metrics by adaptation of transmission power 
· [bookmark: _Toc14105][bookmark: _Toc30360][bookmark: _Toc7091][bookmark: _Toc21913][bookmark: _Toc11031][bookmark: _Toc28939]Specification impacts:
· [bookmark: _Toc8732][bookmark: _Toc1199][bookmark: _Toc22085][bookmark: _Toc8542][bookmark: _Toc15158][bookmark: _Toc9330]Indication of power adaptation, e.g., via DCI or MAC CE
· [bookmark: _Toc18650][bookmark: _Toc5077][bookmark: _Toc25478][bookmark: _Toc19108][bookmark: _Toc6207][bookmark: _Toc28264]UE feedback information, e.g., CSI reporting, power adjustment indication
· [bookmark: _Toc7100][bookmark: _Toc4353][bookmark: _Toc12025][bookmark: _Toc12796][bookmark: _Toc5510][bookmark: _Toc23676]Co-existence issue or any other spec impacts

3. Conclusion
In this contribution, we discuss the techniques for network energy saving and have the following observations and proposals.
Observation 1: 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 3.7%~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 2: In low load scenario, compared with the baseline SIB and SSB configurations,
 SIB-less and SSB-less cell can achieve 28% ~ 64.3% and 9.4%~24.5% energy saving gain with Cat1 and Cat2 power model respectively.
 SIB-less cell can obtain 8.8%~15.5% and 3.3%~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 3: Compared with the normal anchor cell,
 anchor cell with additional SIB transmission for non-anchor cell has 14.1%~18.9% 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 4: For cell WUS scheme,
· it can obtain 7.4%~23.8% and 6.2%~6.5% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.66%~5.04% UPT loss in the low load;
· it can obtain 4.9%~15.5% and 4.5%~4.7% energy saving gain for TDD based on Cat1 and Cat2 power model respectively with 0.11%~0.86% UPT loss in the light load.
Observation 5: 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 t low load scenario.
Observation 6: In zero load scenario, SSB-less SCell can obtain 88.4%~97.4% and 82.1%~83.8% energy saving gain for with Cat1 and Cat2 power model respectively for TDD; SSB-less SCell can obtain 88.3%~97.3% and 80.4%~82.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD.
Observation 7: With low load DL traffic, SSB-less SCell can obtain 21.1%~58.4% and 6.1%~15.2% energy saving gain with Cat1 and Cat2 power model respectively for TDD; SSB-less SCell can obtain 34.9%~72.7% and 15.5%~25.0% energy saving gain with Cat1 and Cat2 power model respectively for FDD.
Observation 8: The synchronization and TA issue of SSB-less SCell can be handled by NW implementation.
Observation 9: TRS is not needed for the SSB-less SCell at least in the case when there is no DL traffic in the SCell.
Observation 10: The UL power state in Cat 2 power consumption model is more consistent with the current BS implementation.
Observation 11: With UL traffic, the SSB-less SCell scheme can obtain 18.7%~39.3% energy saving gain Cat2 power model for TDD in low load scenario.
Observation 12: The SCell activation delay can be reduced for inter-band SSB-less SCell without DL traffic.
Observation 13: RRC reconfiguration is needed to update the configuration of reference signals due to the TxRU de-activation, which will increase the signaling overhead and decrease the spectrum efficiency.
Observation 14: CSI measurement results may be out-of-state if partial TxRUs are de-activated.
Observation 15: The following issues need to be considered for dynamic spatial domain adaptation
· The mismatch between CSI-RS configurations and the number of TxRUs.
· The measurement/report results, including CSI measurement/report, may be out-of-state even if the reference signal configuration does not need to be updated.
Observation 16: In low load(RU=8.8%) case, TxRUs reduction obtains 7.77%~23.53% energy saving gain with 1.5%~11.06% UPT loss; dynamic TxRUs adaptation via multi-CSI obtains 27.09% energy saving gain with 0.9% UPT loss.
Observation 17: In light load(RU=20%) case, TxRUs reduction obtains 10.78%~33.75% energy saving gain with 1.5%~15.31% UPT loss; dynamic TxRU adaptation via multi-CSI obtains 28.71%~31.33% ESG with 1.5%~7% UPT loss.
Observation 18: Compared with TxRU reduction, dynamic adaptation of TxRU via multi-CSI can provide a larger energy saving gain and less UPT loss.
Observation 19: Fixed DL transmission power cannot adapt to requirements of NW power saving, UE power saving and interference management.
Observation 20: Dynamic power adjustment can help UE and gNB power saving and keeps performance impact under control.
Observation 21: 3.9%~16.63% network energy saving gain is observed in the case RU=4.7%~38.4% when NW transmission power is reduced by 3dB.

Proposal 1: Both SSB-less and SIB-less should be supported in non-anchor cell for network energy saving technique.
Proposal 2: Update the technique description as below.
	· Technique #A-6 Adaptation of SSB/SIB1
· For SSB-less and/or SIB-less carrier/cell, the The UE may obtain system information from other carriers/cells for such carrier/cell(s) and synchronize either from other carriers/cells or from a simplified reference signals transmitted on the same carrier.



Proposal 3: An uplink WUS sent by UE can be considered for DL common signal/channel (e.g., SIB/SSB) adaptation.
Proposal 4: SSB-less SCell should be supported for inter-band CA.
Proposal 5: For inter-band SSB-less SCell, enhancement of SCell activation procedure should be supported for scenarios with UL only traffic. TRS is not needed for the SSB-less SCell at least in the case when there is no DL traffic in the SCell.
Proposal 6: Update the technique description as below.
	· Technique #B-1: Multi-carrier energy savings enhancements
· Inter-band CA with SSB-less carriers/Scell 
· No SSB transmission in some inter-band SCell. The sync is acquired from other cell with SSB transmission or same cell with simplified signal transmission., In addition, in order to enable faster activation and deactivation of SCell, the SCell activation procedure for inter-band SSB-less SCell without DL traffic can be enhanced.


Proposal 7: The spatial domain adaptation with TxRU activation/de-activation should be supported for network energy saving.
Proposal 8: Dynamic indication of CSI-RS re-configuration via DCI or MAC CE for spatial domain adaptation should be considered.
Proposal 9: The enhancement on CSI measurement/report should be considered for spatial domain adaptation.
Proposal 10: Capture the following description of dynamic adaptation of spatial elements in TR
· UE should be informed of the spatial adaptation from gNB via DCI or MAC CE. The indication includes, e.g., CSI-RS/reporting re-configuration information. 
· Enhancements on CSI measurement/reporting, including enhanced CSI reporting, multi-CSI report
Proposal 11: More information, such as dynamic DL power allocation, multi-CSI, reported by UE can be considered for NW ES in power domain.
Proposal 12: Dynamic DL power control for reference signal can be considered for NW ES in power domain. Multiple CSI-RS configurations with different powerControlOffset can be considered.
Proposal 13: The following aspects for power domain adaptation techniques should be captured in the TR
· Feature description for adaptation of transmission power of reference signals/channels
· Dynamic power control, e.g., dynamically reducing the transmission power or PSD of signals and channels, e.g. SSB, CSI-RS, PDSCH
· UE feedback/report power information, e.g., CSI reporting, power adjustment indication, etc.
· Performance impacts:
· Energy saving gains, UPT loss, and other evaluation metrics by adaptation of transmission power 
· Specification impacts:
· Indication of power adaptation, e.g., via DCI or MAC CE
· UE feedback information, e.g., CSI reporting, power adjustment indication
· Co-existence issue or any other spec impacts
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TS 38.306 h10.
Cat1-SSB/SIB-less cell, zero load
(SSB+SIB)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.978868159065937	0.953668216737357	0.911439594966383	SIB-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.192550582124504	0.245833424585532	0.234947870759484	anchor cell with SIB for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.141008423879867	-0.189330062854516	-0.180946489328798	
ESG(%)






Cat2-SSB/SIB-less cell, zero load
(SSB+SIB)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.857648478468585	0.835912285464362	0.827501466554627	SIB-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.121332242769155	0.0699294612424643	0.0367569550928553	anchor cell with SIB for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.0804390766888913	-0.0463608119928823	-0.0243685887780818	
ESG(%)






Cat1-SSB/SIB-less cell, low load
(SSB+SIB)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.642868390545512	0.435785825540798	0.279626648931138	SIB-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.15504617066962	0.135837552402034	0.0882253337579762	anchor cell with SIB for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.115881014273828	-0.104596264429775	-0.0680155552666087	
ESG(%)






Cat2-SSB/SIB-less cell, low load
(SSB+SIB)-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.245061807078266	0.134360040782354	0.0940848948928933	SIB-less cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	0.107898246392471	0.0622957471068005	0.0331475539309383	anchor cell with SIB for non-anchor cell	
SSB20ms/SIB40ms	SSB80ms/SIB80ms	SSB160ms/SIB 160ms	-0.0746442915444617	-0.0429543371441213	-0.0229593313636384	
ESG(%)






TDD, FTP3, Cell WUS, low load
ESG-Cat1	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.0741071646194868	0.195968896231636	0.237954659461653	ESG-Cat2	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.0620060192251993	0.0644104640433596	0.0648112048463862	UPT loss	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.00659740760188637	0.0258740151260646	0.0504345087705132	
ESG(%)


UPT loss(%)






TDD, FTP3, Cell WUS, light load
ESG-Cat1	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.0488594048950729	0.127263873331641	0.154542131914292	ESG-Cat2	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.0446009062268247	0.0463304224770593	0.0466186751854318	UPT loss	
wusPeriod20ms	wusPeriod80ms	wusPeriod160ms	0.00108437253367999	0.00432340622117859	0.00860953905179692	
ESG(%)


UPT loss(%)






TDD, FTP3, DRX alignment, low load 1
ESG-Cat1	
DRX alignment	0.00332681149983795	ESG-Cat2	
DRX alignment	0.00213833019858278	UPT loss	
DRX alignment	0.0503050159704505	
ESG(%)


UPT loss(%)





TDD, FTP3, DRX alignment, low load 2
ESG-Cat1	
DRX alignment	0.00872168595866317	ESG-Cat2	
DRX alignment	0.00361549270469727	UPT loss	
DRX alignment	0.0131214054113081	
ESG(%)


UPT loss(%)





TDD, FTP3, DRX alignment, unfinished packet ratio
unfinished packet increase ratio	
RU=2%	RU=5%	0.499999999999999	0.545454545454548	UPT loss	
RU=2%	RU=5%	0.0503050159704505	0.0423674828910116	UPT loss	
RU=2%	RU=5%	0.0503050159704505	0.0131214054113081	
ESG(%)


UPT loss(%)





TDD, FTP3, SSB-less SCell, zero load
ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.974	0.939	0.884	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.838	0.824	0.821	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	0.58409764307186	0.35211950106592	0.211490427217239	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.151615213570431	0.0748491722471512	0.0611213278092041	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.0134516855086699	0.0101516803014961	0.00998812981153985	
ESG(%)


UPT gain(%)






FDD, IM, SSB-less SCell, zero load
ESG-Cat1	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.973	0.938	0.883	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.82	0.807	0.804	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	0.726690642516947	0.517063832671252	0.349110930268743	ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.250211844722125	0.169574439849741	0.154608072824621	UPT gain	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.0306436704811899	0.0103161195375208	0.00570816507597002	
ESG(%)


UPT gain(%)






TDD, FTP3 traffic, UL traffic for SSB-less SCell, low load
ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.393314903678017	0.224126480453688	0.187106379110972	
ESG(%)




TDD, FTP3 traffic, DL traffic for SSB-less SCell, low load
ESG-Cat2	
ssb20ms-less	ssb80ms-less	ssb160ms-less	0.151615213570431	0.0748491722471512	0.0611213278092041	
ESG(%)




RU=8.8% 20k TDD
ESG	
48T	32T	16T	dynamic	0.0776724604196055	0.155309730645081	0.235264055617624	0.270886274334203	UPT	
48T	32T	16T	dynamic	0.985	0.955	0.8894	0.991	





RU=20% 20k TDD
ESG	
48T	32T	16T	dynamic	dynamic	0.107841140761774	0.21716832699145	0.337499183960679	0.287055344041569	0.313281262765731	UPT	
48T	32T	16T	dynamic	dynamic	0.985	0.929619436723982	0.846945772014605	0.985	0.93	





FTP TDD
ESG	
RU = 4.7%	RU = 9.6%	RU = 23.5%	RU = 38.4%	0.039422974631324	0.0698780346071434	0.122345551779625	0.166305311895658	UPT	
RU = 4.7%	RU = 9.6%	RU = 23.5%	RU = 38.4%	0.942616181038649	0.956818659374181	0.945207614031763	0.901917771901416	
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