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1. Introduction
In RAN1 #110bis-e meeting, BS energy consumption model and evaluation methodology were discussed, and some agreements are achieved in [1].
[bookmark: OLE_LINK10][bookmark: OLE_LINK11][bookmark: _Hlk101274526]In this contribution, some baseline results for BS sleep mode modelling are provided, and the evaluation results of time domain, frequency domain and spatial domain are presented as well.
2. Evaluation methodology and baseline evaluation
For network energy saving evaluation, the system-level simulation is considered to evaluate the capacity and power performance. The FTP3 traffic with 0.5Mbytes packet size and 200ms mean packet interval is the traffic model mainly used for evaluation. And the different numbers of UEs per cell (e.g. 2/6/10) are used to simulate different loads, corresponding to low/light/medium loads respectively. For the RS configuration, the 20ms SSB period and 20ms RACH monitoring period are assumed. In addition, the UPT/UPT loss and BS energy saving gain are the main performance metric. The detailed simulation assumptions can be found in Appendix A.
For the BS power consumption model, the cat 1 parameters are used, and the specific values are shown in Appendix A. The dynamic scaling formula agreed at the last meeting is used to scale the BS power consumption value, where A is 0.4 and  is always 1. In addition, the scaling factor of 1/2^μ was used to calculate the total BS energy consumption, and the calculation formula is shown in the following equation. The final BS power consumption presented is averaged over the operations within a slot. 

Another thing that companies need to report is the algorithm of sleep mode modelling. In our evaluation, the following algorithm is used, which is depicted in Figure 1. Firstly, considering the difference in transition time of different sleep modes, the time interval between periodical signaling (e.g. periodical SSB, CSI-RS, RACH, etc.) or between the end of active time and periodical signaling determines the sleep mode that the BS could enter. Secondly, the DL data requests would wake up the BS in sleep mode, and the BS cannot be awakened by an uplink packet burst since the BS in sleep mode can neither DL transmission nor UL reception. In addition, there is no any UE power saving techniques were applied.


[bookmark: _Ref102051730][bookmark: _Hlk101802419]Figure 1. The schematic diagram of sleep mode modelling for category 1
Sleep mode modelling is the basic function of network energy saving. Here, the baseline evaluations of the sleep mode modelling in FR1 TDD are performed through the following two simulation schemes. The relevant results are shown in the figure below.
· W/o sleep mode scheme: all BSs are legacy BS without modelling of sleep mode
· W/ sleep mode scheme: all BSs are enhanced BS with modelling of sleep mode
[bookmark: _Ref102060106]Table 1. Network resource utilization with only DL traffic in FR1 TDD
	Load
	Zero load
	Low load
	Light load
	Medium load

	Traffic 
	NaN
	FTP3 traffic with 0.5Mbytes packet size and 200ms mean packet interval

	UE number
	10 UEs per cell
	2 UEs per cell
	6 UEs per cell
	10 UEs per cell

	RU
	0%
	4.71%
	16.01%
	30.23%


Table 2. The UPT and transmit latency performance with only DL traffic in FR1 TDD
	
	Load
	Mean transmit latency (ms)
	Mean UPT (Mbps)

	w/o sleep mode scheme
	Low load
	6.17
	695.15

	w/ sleep mode scheme
	
	8.16
	540.98

	w/o sleep mode scheme
	Light load
	8.83
	585.61

	w/ sleep mode scheme
	
	11.09
	474.17

	w/o sleep mode scheme
	Medium load
	14.45
	482.96

	w/ sleep mode scheme
	
	17.49
	408.38


Table 3. Power consumption performance with only DL traffic in FR1 TDD
	
	Load
	BS power consumption
	UE power consumption

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

	w/o sleep mode scheme
	Zero load
	34.42
	34.42
	34.42
	34.42
	89.00
	89.00
	89.00
	89.00

	w/ sleep mode scheme
	
	26.07
	26.07
	26.07
	26.07
	89.00
	89.00
	89.00
	89.00

	Energy saving gain
	
	24.25%
	24.25%
	24.25%
	24.25%
	0.00%
	0.00%
	0.00%
	0.00%

	w/o sleep mode scheme
	Low load
	38.74
	37.54
	38.53
	40.58
	93.65
	91.93
	93.46
	96.76

	w/ sleep mode scheme
	
	30.86
	29.50
	30.65
	32.75
	93.60
	91.84
	93.46
	96.53

	Energy saving gain
	
	20.34%
	21.40%
	20.47%
	19.31%
	0.06%
	0.10%
	0.00%
	0.24%

	w/o sleep mode scheme
	Light load
	49.15
	45.33
	48.95
	52.63
	94.59
	92.12
	94.16
	98.67

	w/ sleep mode scheme
	
	42.26
	38.18
	41.97
	46.39
	94.64
	92.19
	94.26
	98.48

	Energy saving gain
	
	14.00%
	15.77%
	14.26%
	11.85%
	-0.06%
	-0.08%
	-0.11%
	0.19%

	w/o sleep mode scheme
	Medium load
	62.14
	56.67
	62.13
	67.91
	96.12
	92.60
	95.32
	102.26

	w/ sleep mode scheme
	
	56.36
	50.22
	56.17
	63.27
	96.25
	92.68
	95.46
	102.52

	Energy saving gain
	
	9.31%
	11.39%
	9.59%
	6.83%
	-0.14%
	-0.09%
	-0.15%
	-0.25%




[bookmark: _Ref101793169][bookmark: OLE_LINK19][bookmark: OLE_LINK20]Figure 2. Capacity and power consumption curves with only DL traffic in FR1 TDD
By analysing all the results listed above, it can be observed that the sleep mode modelling brings obvious BS energy saving gain, but also lost some UPT performance. Specifically, for low load with 4.71% of RU, the energy saving scheme can obtain about 20.34% of BS energy saving gain, but the corresponding average UE UPT decreases from 695.15Mbps to 540.98Mbps. For light load with 16.01% of RU, the energy saving scheme can only obtain about 9.31% of BS energy saving gain, and the corresponding average UE UPT decreases from 482.96Mbps to 408.38Mbps. For medium load with 30.23% of RU, the energy saving scheme can only obtain about 14.0% of BS energy saving gain, and the corresponding average UE UPT decreases from 585.61Mbps to 474.17Mbps. In addition, the average UE UPT and the corresponding BS energy saving gain decrease as the load increases. While the impact of the BS energy saving scheme on the UE power consumption is very small. 
Sleep mode modelling can be considered as a basic function of network energy saving, so the evaluation of potential network energy saving techniques should be carried out on the basis of sleep mode modelling, that is, the baseline for network energy saving technology evaluation should be w/ sleep mode scheme.
3. Evaluation for potential techniques
In this section, the system-level simulation results for time domain, spatial domain and frequency domain are provided. Most of the common simulation assumptions and methodology have been given in Section 2 and Appendix A, and some specific assumptions will be described in the evaluation of the techniques. In addition, all schemes in this section consider sleep state modelling.
3.1. Time domain NES techniques
Technique #A-1.1: Period adaptation of common signals and channels
For the DL signals, SIB1 has already been designed to modify the SSB period. Whether other signals/channels are needed for further discussion for the purpose of more dynamic modification of the period. From our perspective, considering better power saving for gNB, the introduce of more dynamic methods to adaptation of common signals and channels are necessary. A detailed description can be found in our companion’s contribution [2].
The following two schemes with different SSB periods are used to evaluate the performance of relaxed SSB period.
· Baseline scheme:
· 20ms SSB and SIB1, 20ms RACH listening 
· Enhanced scheme:
· 160ms SSB and SIB1, 20ms RACH listening 
For SSB, the SS blocks per SSB burst is 8 and the SSB time resource is 4 symbols for each SSB and the SSB frequency resource is 20 RBs. Only zero load was evaluated. The BS power consumption results of different SSB periods are shown in the following table. Detailed simulation results can be found in Appendix B.
[bookmark: _Ref118727652]Table 4. BS energy saving gain of different SSB periods with zero load
	Mean BS power consumption
	Energy saving gain

	Baseline scheme
	Enhanced scheme
	

	23.29
	16.77
	27.99%


Based on the results in Table 4, we can observe that the energy saving gain brought by relaxed SSB period is significant. Specifically, the mean BS power consumption decreases from 23.29 to 16.77 and about 27.99% of energy saving gain can be obtained.
[bookmark: _Ref118728496]Observation 1: Relaxed SSB period can bring the BS energy saving gain.
[bookmark: _Ref118728505]Proposal 1: It is recommended to support period adaptation of common signals and channels technique.

Technique #A-1.3: SSB structure adaptation including light SSB 
The key point of the technique is to introduce simplified version of SSB, such as only PSS or only PSS and SSS without PBCH, or PSS and SSS with partial PBCH. Under certain conditions, the gNB can switch to the light-SSB state for energy saving purposes. A detailed description of light-SSB technique can be found in our companion’s contribution [2].
The following two cases were evaluated for legacy BS.
· Baseline scheme: 20ms SSB and SIB1, 20ms RACH listening
· Enhanced scheme: 20ms light-SSB and SIB1, 20ms RACH listening
The following two cases were evaluated for energy saving BS.
· Baseline scheme: 160ms SSB, 20/80/160ms UEWUS listening
· Enhanced scheme: 160ms light-SSB, 20/80/160ms UEWUS listening
For normal SSB, the SS blocks per SSB burst is 8 and the SSB time resource is 4 symbols for each SSB and the SSB frequency resource is 20 RBs. For light-SSB, the only difference compared to normal SSB configuration is the SSB time resource with 2 symbols for each SSB. Only zero load was evaluated. The BS power consumption results of light-SSB are shown in the following table. Detailed simulation results can be found in Appendix B.
[bookmark: _Ref118475366]Table 5. BS energy saving gain of light-SSB with zero load
	Cases
	Mean BS power consumption
	Energy saving gain

	
	Baseline scheme
	Enhanced scheme
	

	Legacy BS
	23.29
	13.08
	0.88%

	ES BS
 (20ms UEWUS period)
	16.37
	16.18
	1.17%

	ES BS
 (80ms UEWUS period)
	7.80
	2.61
	2.45%

	ES BS
 (160ms UEWUS period)
	4.54
	4.34
	4.21%


Based on the results in Table 5, we can observe that the energy saving gain brought by light-SSB is very limited. In specific, only about 0.88% of energy saving gain can be obtained for legacy BS, and the maximum energy saving gain that can be obtained is about 4.21% for ES BS. On the contrary, increasing the period of SSB can obtain greater energy saving gain. As shown in Table 4, compared with 20ms SSB period, the mean BS power consumption of 160ms SSB period decreases from 23.29 to 16.77, reaching an energy saving gain of 27.99%.
[bookmark: _Ref118474186]Observation 2: The energy saving gain brought by light-SSB technique is very limited.

Technique #A-3.1: UE WUS is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring 
Figure 3 depicts the potential UE wake up signal procedure. If Cell 4 turn off or enters the energy saving state when there are no UEs in its coverage area. In legacy case, Cell 4 can’t return to normal operation even when many idle UEs locating in its coverage area. The UE WUS mechanism can be good to solve the problem, when UE moves into the coverage area of a cell which is in energy saving state, UE will send WUS to wake up the cell. The BS activate the dormant components after monitoring the WUS to ensure good communication quality. A detailed description of the UE WUS mechanism can be found in our companion’s contribution [2].
[image: ]
[bookmark: _Ref101800209]Figure 3. Potential UE wake up signal procedure
The following three simulation schemes were used to evaluate the performance of legacy BS and enhanced BS with UE WUS scheme in terms of UPT, power consumption, etc. 
· [bookmark: OLE_LINK49][bookmark: OLE_LINK50][bookmark: OLE_LINK59][bookmark: OLE_LINK60]Baseline scheme: legacy BS, where all cells are always in the normal mode during the whole simulation time.
· Normal mode: 20ms SSB and SIB1, 20ms RACH listening
· UEWUS scheme 1: enhanced BS with UE WUS scheme, where the cells without UEs camped or all camped UE in RRC-idle state are turned energy-saving mode, and the UE can activate these cells using a wake-up signal in the simulation.
· Normal mode: 20ms SSB and SIB1, 20ms RACH listening
· Energy saving mode: 160ms SSB, 20/80/160ms UEWUS listening
· UEWUS scheme 2: enhanced BS with UE WUS scheme, where the cells without UEs camped or all camped UE in RRC-idle state are turned energy-saving mode, and the UE can activate these cells using a wake-up signal in the simulation.
· Normal mode: 20ms SSB and SIB1, 20ms RACH listening
· Energy saving mode: no SSB, 20/80/160ms UEWUS listening
For the evaluation, the UE mobility is considered, and the UE speed of 60km/h is assumed. For the low load case, the DL FTP3 traffic model with the mean packet interval of 10s and packet size of 100bytes was evaluated, and for the light and medium load cases, the DL FTP3 traffic model with the mean packet interval of 200ms and packet size of 0.5Mbytes were evaluated. In addition, for RRC-idle state modelling, if UE is without the SIB information of the camped cell, the total transition time from RRC-idle to RRC-connected states, including the SSB/SIB1 transmission, could be assumed to be 200ms, And the total transition time from RRC-idle state to RRC-connected state can be assumed to be 50ms if UE with the SIB information. The inactive timer for UE from RRC-idle to RRC-connected state is 10ms. In addition, the detailed RS configuration can be found in Appendix A.
The simulation results of UEWUS technique are shown below. The corresponding resource utilization ratio for different loads (e.g. low/light/medium loads) is shown in Table 6. In these figures, the horizontal axis represents the baseline scheme and the enhanced schemes with 3 different UEWUS periods (20ms/80ms/160ms). Detailed simulation results can be found in Appendix B.
[bookmark: _Ref118383589]Table 6. Network resource utilization of UEWUS evaluation in FR1 TDD
	Load
	Zero load
	Low load
	Light load
	Medium load

	Traffic 
	NaN
	FTP3 traffic with 100bytes packet size and 10s mean packet interval 
	FTP3 traffic with 0.5Mbytes packet size and 200ms mean packet interval

	UE number
	10 UEs per cell
	2 UEs per cell
	6 UEs per cell
	10 UEs per cell

	RU
	0%
	0.002%
	20.35%
	41.34%


· Zero load

[bookmark: _Ref118314211]Figure 4.  SLS result curves for baseline and UE WUS scheme with zero load in FR1 TDD
· Low load

[bookmark: _Ref118314536]Figure 5.   SLS result curves for baseline and UE WUS scheme with low load in FR1 TDD
· Light load

Figure 6.   SLS result curves for baseline and UE WUS scheme with light load in FR1 TDD
· Medium load

[bookmark: _Ref118314542]Figure 7.  SLS result curves for baseline and UE WUS scheme with medium load in FR1 TDD
[bookmark: OLE_LINK67][bookmark: OLE_LINK68]It can be observed that, compared with the baseline scheme, the UEWUS schemes have different degrees of UPT loss under different loads. There are two main reasons, one is that the introduction of energy-saving mode makes the BS enter a deeper or longer sleep mode, resulting in a long transmission delay. Another is that the modelling of the RRC-idle state and associated timers introduce additional latency. 
From Figure 4, it is apparent that UEWUS scheme 2 can bring greater BS energy saving gain compared with UEWUS scheme 1 under zero load, because the BS in energy saving mode in scheme 2 is without SSB transmission. From Figure 5, it is observed that when the UEWUS period is 20ms, UEWUS scheme 1 can obtain about 27.3% of the BS energy saving gain and UEWUS scheme 2 can obtain 29.4% gain, but the corresponding average UE UPT only decreases slightly. As the UEWUS period becomes larger, the UEWUS scheme can obtain greater BS energy saving gain, but it will further damage UPT performance.
From Figure 5 to Figure 7, some BS energy saving gain degradation of the UEWUS scheme is also seen, as the load increases, due to the difficulty for the base station to enter energy saving mode due to frequent packet arrivals under higher load.
In general, the UE WUS scheme can achieve a good BS energy saving gain without a significant reduction in UPT, especially in the case of zero or low load.
[bookmark: _Ref115443983][bookmark: _Ref111227646]Observation 3: The UE WUS scheme to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring can achieve a good BS power gain without a significant reduction in UPT, especially with low load.
[bookmark: _Ref118748746]Proposal 2: It is recommended to support UE wake up signal (WUS) that is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring.
3.2. Frequency domain NES techniques
Multi-carrier operation is a typical case in 5G NR network deployment to enhance the network capacity. However, larger bandwidth operation may result in more network energy consumption. Thus, reduction of network energy consumption in multi-carrier operation case needs to be studied. In this section, we evaluate the performance of two techniques under zero load in multi-carrier scenarios, namely the inter-band CA with SSB-less carriers/Scell and SSB/SIB-less carrier operation with assistance of anchor carrier.
Technique B-1.1: Inter-band CA with SSB-less carriers/Scell
Based on description in [2], for inter-band CA with SSB-less carriers/Scell, it applies to RRC-connected UEs in inter-band CA case. And the motivation of this technique is to bring additional network energy saving gain by reduction of SSB transmission in inter-band Scell.
Following two schemes with different reference signal configurations are used to evaluate the performance of the technique of inter-band CA with SSB-less carriers/Scell. 
· Baseline scheme:
· CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening 
· CC 2: only 20ms SSB
· Enhanced scheme:
· CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening 
· CC 2: neither transmission nor reception
The BS power consumption results of inter-band CA with SSB-less carriers/Scell technique in multi-carrier scenarios are shown in Table 7. Detailed simulation results can be found in Appendix B.
[bookmark: _Ref118728568]Table 7. BS energy saving gain of inter-band CA with SSB-less carriers/Scell technique
	Mean BS power consumption
	Energy saving gain

	Baseline scheme
	Enhanced scheme
	

	42.39
	36.17
	14.68%


[bookmark: _Hlk118471975]By analysing the results listed above table, we can observe that inter-band CA with SSB-less carriers/Scell technique in multi-carrier scenarios can lead to significant BS energy saving gain. CC2 in enhanced scheme does not have any transmission and reception. In this way, compared to baseline scheme, the mean BS power consumption of enhanced scheme decreases from 42.39 to 36.17, and about 14.68% of BS energy saving gain.
[bookmark: _Ref118474193]Observation 4: Inter-band CA with SSB-less carriers/Scell technique in multi-carrier scenarios can achieve significant energy saving gain. 
[bookmark: _Ref118474740]Proposal 3: It is recommended to support inter-band CA with SSB-less carriers/Scell.

Technique B-1.3: SSB/SIB-less carrier operation with assistance of anchor carrier
For SSB/SIB-less carrier operation with assistance of anchor carrier, it mainly applies to RRC-idle/inactive UEs in a case where gNB is operating in multiple carriers. The key idea is to offload SIB transmission from some carriers (called non-anchor carrier) to another carrier (called anchor carrier) so that there is no need to have SIB transmission in the non-anchor carriers where gNB is operating. A detailed description can be found in our companion’s contribution [2].
Following two schemes with different reference signal configurations are used to evaluate the performance of the technique of SSB/SIB-less carrier operation with assistance of anchor carrier.
· Baseline scheme:
· CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening 
· CC 2: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening
· Enhanced scheme:
· CC 1: 20ms SSB and SIB1(with 72 PRB), 20ms RACH listening 
· CC 2: only 20ms RACH listening
The BS power consumption results of SSB/SIB-less carrier operation with assistance of anchor carrier technique are shown in Table 8. Detailed simulation results can be found in Appendix B.
[bookmark: _Ref118383612]Table 8. BS energy saving gain of SSB/SIB-less carrier operation with assistance of anchor carrier technique 
	Scenarios
	Mean BS power consumption
	Energy saving gain

	
	Baseline scheme
	Enhanced scheme
	

	Scenario 1
	46.57
	39.69
	14.78%


By analysing the results listed above table, we can observe that SSB/SIB-less carrier operation with assistance of anchor carrier technique in multi-carrier scenarios can lead to significant BS energy saving gain. Compared to baseline scheme, CC2 in the enhanced scheme does not have any transmission of SSB and SIB, and CC2-related system messages are carried by CC1. In this way, the enhanced scheme can obtain about 14.78% of BS energy saving gain.
[bookmark: _Ref118385171]Observation 5: SSB/SIB-less carrier operation with assistance of anchor carrier technique in multi-carrier scenarios can achieve significant energy saving gain. 
[bookmark: _Ref118474741]Proposal 4: It is recommended to support SSB/SIB-less carrier operation with assistance of anchor carrier.
3.3. Spatial domain NES techniques
Technique #C-1: Dynamic antenna port adaptation
The technique aims to dynamically adapt spatial elements such as the number of active antenna ports at gNB in transmitting and/or receiving channels and signals, and group-common signalling can be considered for the adaptation of ports of BS. As described in [2], according to the traffic load in the cell, gNB can switch off a set of antenna ports to reduce power consumption while the traffic requirements can still be satisfied.
We did system-level simulation to evaluate the performance for adaptation of antenna ports. In the simulation, we assume NW can dynamically switch off/on a given number of antenna ports in a TTI manner, and the change of antenna ports will be notified to UE. The following schemes are evaluated. Detailed simulation results can be found in Appendix B.
· Semi-static adaptation scheme: antenna ports are semi-statically adjusted according to the cell traffic load, in every 50 slots
· Dynamic adaptation:
· Dynamic adaptation scheme 1, where antenna ports are dynamically adapted according to the cell traffic load, in every slot
· Dynamic adaptation scheme 2, where antenna ports are dynamically adapted according to the cell traffic load, in every 5 slots
The criteria for the adjustment of the number of ports is the traffic load and the RSRP of UEs. For example, when the RSRP of all UEs is larger than X dB, then the number of ports can be switched to 8 ports, otherwise 64 ports. In addition, the baseline scheme is the case in which 64 BS antenna ports are always in “ON” state without any power saving technique. For antenna ports adaptation scheme, the dynamic scaling formula adopted at the last meeting is used to scale the BS power consumption value after the antenna change, where A is 0.4 and  is always 1. 
For semi-static adaptation of port, BS may change the number of ports by reconfiguring the measurement resources or spatial domain info semi-statically by RRC, which may incur large delay of adaption. For dynamic adaptation of ports, BS can flexibly adjust the number of ports by L1 signaling with short latency according to the latest traffic load and data rate requirement.

[bookmark: _Ref118474154]Figure 8. dynamic vs semi-static port adaptation (switching between 64 ports and 8 ports)
The UPT loss (%) and BS energy saving gain (%) of semi-static or dynamic adaptation of BS antenna ports are shown in Figure 8. It can be observed that compared to the semi-static adaptation scheme, dynamic adaptation scheme can achieve high power saving gain and much smaller UPT loss. Specifically, for semi-static adaptation scheme, it can obtain about 6.83% of BS energy saving gain, but UPT loss is high at 12.26%. For dynamic adaptation of port, about 9.37% and 9.41% of BS energy saving gain can be provided by the dynamic adaptation scheme 1 and the dynamic adaptation scheme 2, but only little UPT loss of 0.36% and 1.98%, respectively. 
[bookmark: _Ref118474197]Observation 6: Dynamic port adaptation (switching between 64 ports and 8 ports) can achieve more energy saving gain and littler UPT loss than semi-static way. 
[bookmark: _Ref118474743]Proposal 5: It is recommended to support group common signaling to indicate spatial related information, such as the number of ports, etc.

4. Conclusion
In this contribution, we discuss the BS energy consumption model, evaluation methodologies and KPIs, and have the following observations and proposals:
Observation 1: Relaxed SSB period can bring the BS energy saving gain.
Observation 2: The energy saving gain brought by light-SSB technique is very limited.
Observation 3: The UE WUS scheme to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring can achieve a good BS power gain without a significant reduction in UPT, especially with low load.
Observation 4: Inter-band CA with SSB-less carriers/Scell technique in multi-carrier scenarios can achieve significant energy saving gain. 
Observation 5: SSB/SIB-less carrier operation with assistance of anchor carrier technique in multi-carrier scenarios can achieve significant energy saving gain.
Observation 6: Dynamic port adaptation (switching between 64 ports and 8 ports) can achieve more energy saving gain and littler UPT loss than semi-static way.
Proposal 1: It is recommended to support period adaptation of common signals and channels technique. 
Proposal 2: It is recommended to support UE wake up signal (WUS) that is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring.
Proposal 3: It is recommended to support inter-band CA with SSB-less carriers/Scell.
Proposal 4: It is recommended to support SSB/SIB-less carrier operation with assistance of anchor carrier.
Proposal 5: It is recommended to support group common signaling to indicate spatial related information, such as the number of ports, etc.
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Appendix A
[bookmark: _Ref1208685]Table I. Simulation assumption for FR1 scenario
	Parameters
	Values

	Basic parameters
	Scenario
	FR1 (TDD)
	FR1 (FDD)

	
	Channel model
	3D-Uma as in TR 38.901

	
	O2I penetration model
	100% low loss

	
	Device deployment
	80% indoor, 20% outdoor

	
	Inter-site distance
	500m

	
	Network Topology
	7*3 Sector

	
	SCS
	30kHz
	15KHz

	
	Guard band ratio on simulation bandwidth
	TDD: 2.08% (272RB for 30kHz SCS)
	FDD: 6.4% (104RB for 15kHz SCS)

	
	Carrier Frequency
	4.0GHz
	2.1GHz

	
	Simulation bandwidth
	100 MHz
	20 MHz, (equal split of 10 MHz for UL and DL)

	
	Frame structure
	DDDSU
	All DL or UL

	BS parameters
	BS antenna height
	25 m

	
	BS noise figure
	5 dB

	
	BS antenna element gain
	8 dBi

	
	DL power
	55dBm
	49dBm

	
	Antenna configuration at TRxP
	For 64T:(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;4,8), (dH, dV)=(0.5, 0.8)λ
	For 32T:(M,N,P,Mg,Ng;Mp,Np) = (8,8,2,1,1;2,8), (dH, dV)=(0.5, 0.8)λ

	UE parameters
	UE power class
	23dBm

	
	Power control parameters
	Open loop,
P0=-80dBm, alpha=0.8

	
	UE noise figure
	9 dB

	
	UE antenna element gain
	0 dBi

	
	UT attachment
	Based on RSRP

	
	Wrapping around method
	Geographical distance based wrapping

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

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

	Transmission parameters
	Modulation
	Up to 256 QAM

	
	Transmission scheme
	SU-MIMO

	
	SU dimension
	For 4Rx: Up to 4 layers

	
	Interference measurement
	SU-CQI; CSI-IM for inter-cell interference measurement

	
	Scheduling
	PF

	
	Receiver
	MMSE-IRC

	
	Channel estimation
	Non-ideal

	
	HARQ scheme
	Ideal

	
	Max HARQ retran
	3

	
	Target BLER
	10% of first transmission

	Common RS
	SSB period
	20ms

	
	SS blocks per SSB burst
	Up to 8
	Up to 4 

	
	SSB time resource
	4 symbols for each SSB

	
	SSB frequency resource
	20 RBs



Table II. Simulation assumption for FR2 scenario
	Parameter
	value

	Scenario
	FR2 TDD

	Network layout
	21 cells Wrap around (ISD=200m)

	Channel model
	UMi

	Frequency range
	30GHz

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

	Subcarrier spacing
	120 kHz

	Simulation bandwidth and guard band ratio
	100 MHz,
7.8% (64 RB for 120kHz SCS and 100 MHz bandwidth)

	Number of carriers
	1 CC

	BS antenna configuration
	2 TxRU: (M,N,P,Mg,Ng;Mp,Np) = (4,4,2,1,1;1,1); (dH,dV) = (0.5λ, 0.5λ), (dg,H, dg,V) = (2.5λ, 2.5λ)

	Total Tx power
	33 dBm, EIRP limited to 63 dBm 

	BS height
	10m

	BS noise figure
	7 dB

	BS antenna element gain
	8 dBi

	UE antenna configuration
	2T/4R, (M, N, P, Mg, Ng; Mp, Np) = (1,2,2,1,1;1,2),
(dH, dV) = (0.5λ, N/Aλ)

	UE max transmit power
	23 dBm

	UE BWP
	100 MHz

	UE height
	1.5m

	UE noise figure
	13 dB

	UE antenna element gain
	5 dBi

	UE receiver
	MMSE-IRC

	UE deployment
	20% Outdoor in cars: 30km/h,
80% Indoor in houses: 3km/h

	Maximum supported Modulation and coding scheme
	Up to 256QAM

	Channel estimation
	Ideal

	HARQ scheme
	Ideal

	Max HARQ retransmission
	3

	Target BLER
	10% of first transmission

	Power control parameters
	Open loop, 
P0=-106dBm, alpha=1

	Scheduling algorithm
	PF

	SS blocks per SSB burst
	Up to 64



Table III. BS power consumption model
	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
	P1
	1
	1
	1
	1
	1
	1

	Light sleep
	P2
	25
	25
	25
	2.1
	2.1
	2.1

	Micro sleep
	P3
	55
	50
	38
	5.5
	5
	3

	Active DL
	P4
	280
	200
	152
	32
	26
	17.6

	Active UL
	P5
	110
	90
	80
	6.5
	5.8
	4.2



Table IV. Additional energy and total transition time for BS
	Power state
	Additional transition energy 
	Total transition time T

	
	Category 1
	Category 2
	Category 1
	Category 2

	Deep sleep
	1000
	17000
	50ms
	10s

	Light sleep
	90
	1088
	6ms
	640ms 



Table V. RS configuration for UEWUS evaluation
	Cases
	Load
	RS Configuration

	Baseline scheme
	Zero load
	20ms SSB and SIB1, 20ms RACH listening 

	
	Low load
	20ms SSB and SIB1, 20ms RACH listening

	
	Light load
	20ms SSB and SIB1, 20ms RACH listening, 10ms CSIRS

	
	Medium load
	20ms SSB and SIB1, 20ms RACH listening, 10ms CSIRS

	UEWUS scheme
	Zero load
	Normal mode: 20ms SSB and SIB1, 20ms RACH listening
Energy saving mode: 
Option 1: 160ms SSB, 20/80/160ms WUS listening 
Option 2: 20/80/160ms WUS listening

	
	Low load
	Normal mode: 20ms SSB and SIB1, 20ms RACH listening

ES-state gNB: 
Option 1: 160ms SSB, 20/80/160ms WUS listening
Option 2: 20/80/160ms WUS listening

	
	Light load
	Normal mode: 20ms SSB and SIB1, 20ms RACH listening, 10ms CSIRS
ES-state gNB: 
Option 1: 160ms SSB, 20/80/160ms WUS listening
Option 2: 20/80/160ms WUS listening

	
	Medium load
	Normal mode: 20ms SSB and SIB1, 20ms RACH listening, 10ms CSIRS
ES-state gNB: 
Option 1: 160ms SSB, 20/80/160ms WUS listening
Option 2: 20/80/160ms WUS listening



Appendix B
Technique #A-1.1: Period adaptation of common signals and channels
	ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	Relaxed SSB period
	FR1 TDD
	Cat 1
	0
	27.99
	　
	89
	Baseline scheme: 20ms SSB and SIB1, 20ms RACH listening 
Enhanced scheme: 160ms SSB and SIB1, 20ms RACH listening



Technique #A-1.3: SSB structure adaptation including light SSB 
	[bookmark: _Hlk118475293]ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	Light SSB
	FR1 TDD
	Cat 1
	0
	0.88
	　
	89
	For legacy BS


	Light SSB
	FR1 TDD
	Cat 1
	0
	1.17
	　
	89
	For energy saving BS with 20ms UEWUS

	Light SSB
	FR1 TDD
	Cat 1
	0
	2.45
	　
	89
	For energy saving BS with 80ms UEWUS

	Light SSB
	FR1 TDD
	Cat 1
	0
	4.21
	　
	89
	For energy saving BS with 160ms UEWUS



Technique #A-3.1: UE WUS is used to wake up a gNB in an energy saving state without DL transmission including SSB/SIB1 and UL reception including RACH monitoring
	ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	UEWUS
	FR1 TDD
	Cat 1
	0
	29.7
	　
	89
	20ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0
	32.1
	　
	89
	20ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	0
	66.6
	　
	89
	80ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0
	69.6
	　
	89
	80ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	0
	80.7
	　
	89
	160ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0
	83.7
	　
	89
	160ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	27.3
	0.80
	89.01
	20ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	29.4
	0.80
	89.01
	20ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	60.4
	15.50
	89.01
	80ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	63.3
	16.50
	89.01
	80ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	72.8
	21.70
	89.01
	160ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	0.002
	75.6
	24.20
	89.01
	160ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	20.55
	0.8
	3.40
	96.4
	20ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	20.70
	0.9
	3.90
	96.5
	20ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	20.81
	4.9
	4.50
	96.86
	80ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	20.51
	6.4
	7.00
	96.73
	80ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	20.50
	6
	8.60
	97.05
	160ms UEWUS listening
160ms SSB


	UEWUS
	FR1 TDD
	Cat 1
	20.66
	6.6
	8.70
	97.04
	160ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.79
	-2.4
	2.70
	100.78
	20ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.74
	-2.2
	1.30
	100.78
	20ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.17
	0.3
	6.00
	101.16
	80ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.91
	-0.7
	6.60
	101.28
	80ms UEWUS listening
no SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.5
	0.1
	7.20
	101.62
	160ms UEWUS listening
160ms SSB

	UEWUS
	FR1 TDD
	Cat 1
	41.07
	-0.6
	7.50
	101.49
	160ms UEWUS listening
no SSB


Technique B-1.1: Inter-band CA with SSB-less carriers/Scell
	ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	Inter-band CA with SSB-less carriers/Scell
	FR1 TDD
	Cat 1
	0
	14.68
	　
	89.00
	CC 1: 20ms SSB and SIB1(with 48 PRB), 20ms RACH listening 
CC 2: neither transmission nor reception



Technique B-1.3: SSB/SIB-less carrier operation with assistance of anchor carrier
	ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	SSB/SIB-less carrier operation with assistance of anchor carrier

	FR1 TDD
	Cat 1
	0
	14.78
	　
	89.00
	CC 1: 20ms SSB and SIB1(with 72 PRB), 20ms RACH listening 
CC 2: only 20ms RACH listening



Technique #C-1: Dynamic antenna port adaptation
	ES scheme
	Scenario
	BS Category 
	Load (%)
	ES gain (%)
	UPT loss (%)
	Mean UE power consumption
	Note

	Antenna port adaptation
	FR1 TDD
	Cat 1
	12.38
	9.37
	0.36
	94.13
	Semi-static adaptation (period = 50 slot)

	Antenna port adaptation
	FR1 TDD
	Cat 1
	12.57
	9.41
	1.98
	94.14
	Dynamic adaptation scheme 1 (period = 1 slot)

	Antenna port adaptation
	FR1 TDD
	Cat 1
	15.31
	6.83
	12.26
	95.38
	Dynamic adaptation scheme 2 (period = 5 slot)



Average UE UPT (Mbps) and BS energy saving gain  
w/o sleep mode	
zero load
(L=0.00)	low load 
(L=4.71)	light load 
(L=16.01)	medium load 
(L=30.23)	0	695.15427294145559	585.61278955586806	482.96188622567041	w/ sleep mode	
zero load
(L=0.00)	low load 
(L=4.71)	light load 
(L=16.01)	medium load 
(L=30.23)	0	540.98393680911806	474.16741182571116	408.37927533929548	ES gain	
0	0	0	0	0	0.2425307659233267	0.20344529579025791	0.14002042328463737	9.3143598261205857E-2	
UPT (Mbps)

BS ES gain



BS energy saving gain  
BS energy saving gain (Scheme 1)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	0.29748403636316834	0.6655447389778979	0.80690719834416169	BS energy saving gain (Scheme 2)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	0.32110635410717447	0.69566029552588748	0.83702275489215161	BS  energy saving gain




BS energy saving gain and UPT loss  
BS energy saving gain (Scheme 1)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	0.27326395504903278	0.60382158239391193	0.72756010078931954	BS energy saving gain (Scheme 2)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	0.29444651168915476	0.63262214440071196	0.75608575272458978	UPT loss (Scheme 1)	0	0	0	0	0	8.4569383731187674E-3	0.15517571488724868	0.21673155644723657	UPT loss (Scheme 2)	0	0	0	0	0	8.2149680763927025E-3	0.16484961422477301	0.24240172786481134	BS energy saving gain


UPT loss



BS energy saving gain and UPT loss  
BS energy saving gain (Scheme 1)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	8.1996900592032577E-3	4.8919777618546843E-2	6.0050803220469455E-2	BS energy saving gain (Scheme 2)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	8.7589754996325406E-3	6.3612699076658522E-2	6.5781607129242969E-2	UPT loss (Scheme 1)	0	0	0	0	0	3.426968450469587E-2	4.4844567251820497E-2	8.5936085089668254E-2	UPT loss (Scheme 2)	0	0	0	0	0	3.9027337236733246E-2	6.9622330577723643E-2	8.7302700459538765E-2	BS energy saving gain


UPT loss



BS energy saving gain and UPT loss  
BS energy saving gain (Scheme 1)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	-2.3527482616947079E-2	2.6664147140197025E-3	6.6520289631331235E-4	BS energy saving gain (Scheme 2)	
Baseline	UEWUS
(period = 20ms)	UEWUS
(period = 80ms)	UEWUS
(period = 160ms)	0	-2.1750822723779269E-2	-7.4832056196272876E-3	-5.9929523378320047E-3	UPT loss (Scheme 1)	0	0	0	0	0	2.6887622316163141E-2	6.0266118280757612E-2	7.1839077263956316E-2	UPT loss (Scheme 2)	0	0	0	0	0	1.2720570949422661E-2	6.5987663850143929E-2	7.453624588965195E-2	BS energy saving gain

UPT loss



UPT loss (%) and BS energy saving gain (%)

UPT loss	
Dynamic 1	Dynamic 2	Semi-static
(Period = 50 slot)	3.6273589993683995E-3	1.9842766295479729E-2	0.12261725197374253	Energy saving gain	
Dynamic 1	Dynamic 2	Semi-static
(Period = 50 slot)	9.3654159552964938E-2	9.4086472669695179E-2	6.8295130613372765E-2	



image1.emf
Active

Deep Sleep

Active

Deep Sleep

Active

Active

Light Sleep

Active

Active

Micro Sleep

Micro Sleep

100ms

5ms

1ms

P-signaling

DL data

DL data

100ms 40ms


Microsoft_Visio_Drawing.vsdx
Active
Deep Sleep
Active
Deep Sleep
Active
Active
Light Sleep
Active
Active
Micro Sleep
Micro Sleep
100ms
5ms
1ms
P-signaling
DL data
DL data
100ms
40ms



image2.png
o

Turn off A -
gNB S
o o—»
Y A
A O
A




