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Energy consumption is a major contributor to the network OPEX. Increasing capacity while keeping network energy consumption low is a big challenge for 5G NR based network. Energy consumption model and KPI development are important parts of Rel-18 Network Energy Saving study, which allow us to evaluate different network energy saving techniques. In RAN1 #110-bis, evaluation methodology and base station power model was completed. In this contribution, we present our evaluation results for some potential techniques to enable network energy savings. 

Evaluations for Potential Techniques
Appendix A contains a summary of common simulation parameters used in the evaluations presented in this contribution. In all of our evaluations, the average power consumption is computed based on slot, and this was the unit that all energy consumption values were converted to when computing the power consumption for each BS.
Technique #A-1 (Increasing Common Channel/Signal Periodicity)
In this section, we evaluated the potential power saving when cells can support increased periodicity for common channels and signals, such as SSB, SIB1, and PRACH. In the evaluations, we assumed no IDLE users, and therefore paging was omitted. While NR supports SSB periodicity between 20 msec to 160 msec. UEs that are first trying to find and associate to cells are only looking for SSB with 20 msec periodicity. Therefore, one of the potential enhancements that could be made to Rel-18 UEs could be to allow support of longer SSB periodicities, and possibly do not limit the cell detection to 20 msec periodicity SSB only.
[bookmark: _Ref118407811]Table 1. Energy Saving KPI for Technique #A-1 Option 5, increasing the common channel/signal periodicity
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)†
Avg. EE [Mbps/P]
Avg. Cell Tput [Mbps]
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	 #A-1 baseline
(Case 1-1)
	Cat 1 
	Low,
RU 7.9%
	66.38
(0 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 5.10
Avg. Cell Tput: 317.0 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-2)
	Cat 1
	Low,
RU 7.9%
	39.76
(-40.1 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 9.17
Avg. Cell Tput: 317.0 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-3)
	Cat 1
	Low,
RU 7.9%
	36.50
(-45.0 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 10.60
Avg. Cell Tput: 317.0 Mbps
	
	
	SSB/SIB1/PRACH: 640 msec periodicity;

	 #A-1 baseline
(Case 1-4)
	Cat 1 
	Light,
RU 20.9%
	99.53
(0 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 2.66
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-5)
	Cat 1
	Light,
RU 20.9%
	84.98
(-14.6 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 3.31
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-6)
	Cat 1
	Light,
RU 20.9%
	82.81
(-16.8 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 3.46
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/SIB1/PRACH: 640 msec periodicity;

	 #A-1 baseline
(Case 1-7)
	Cat 1 
	Medium,
RU 38.3%
	147.17
(0 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 1.50
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-8)
	Cat 1
	Medium,
RU 38.3%
	138.05
(-6.2 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 1.63
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-9)
	Cat 1
	Medium,
RU 38.3%
	136.76
(-7.1 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 1.65
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/SIB1/PRACH: 640 msec periodicity;

	 #A-1 baseline
(Case 1-1)
	Cat 2
	Low,
RU 7.9%
	8.73
(0 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 35.82
Avg. Cell Tput: 317.0 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-2)
	Cat 2
	Low,
RU 7.9%
	8.01
(-8.3 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 39.23
Avg. Cell Tput: 317.0 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-3)
	Cat 2
	Low,
RU 7.9%
	7.78
(-10.1 %)
	819.66 Mbps / 
450.54 Mbps
	Avg. EE: 40.09
Avg. Cell Tput: 317.0 Mbps
	
	
	SSB/SIB1/PRACH: 1280 msec periodicity;

	 #A-1 baseline
(Case 1-4)
	Cat 2
	Light,
RU 20.9%
	12.52
(0 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 20.75
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-5)
	Cat 2
	Light,
RU 20.9%
	11.88
(-5.1 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 22.00
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-6)
	Cat 2
	Light,
RU 20.9%
	11.79
(-5.8 %)
	611.45 Mbps /
277.52 Mbps
	Avg. EE: 22.19
Avg. Cell Tput: 248.49 Mbps
	
	
	SSB/SIB1/PRACH: 1280 msec periodicity;

	 #A-1 baseline
(Case 1-7)
	Cat 2
	Medium,
RU 38.3%
	17.51
(0 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 12.44
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/PRACH: 20 msec periodicity;
SIB periodicity
40 msec;

	#A-1
Option 5
(Case 1-8)
	Cat 2
	Medium,
RU 38.3%
	16.98
(-3.0 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 12.89
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/SIB1/PRACH: 160 msec periodicity;

	#A-1
Option 5
(Case 1-9)
	Cat 2
	Medium,
RU 38.3%
	16.91
(-3.4 %)
	457.92 Mbps / 
148.84 Mbps
	Avg. EE: 12.96
Avg. Cell Tput: 207.44 Mbps
	
	
	SSB/SIB1/PRACH: 1280 msec periodicity;


Note †: Energy efficiency (EE) defined as cell throughput (in Mbps) / average power consumption (in relative power). The Average EE is the average of EE values for all BS.
Observation 1:
· For Category 1 BS power model, 
· increasing the common channel/signal periodicity, from 20 msec to higher values such as 160 msec, results in significant reduction in power (up to 40% reduction in average power consumption) in low load scenarios.
· increasing the common channel/signal periodicity beyond 160 msec, e.g., 640 msec, results in incremental reduction in power (additional 5% reduction
· increase of common channel/signal periodicity significantly improves both power saving gains and energy efficiency of the BS.
· For Category 2 BS power model,
· increasing the common channel/signal periodicity, from 20 msec to higher values such as 160 or 1280 msec, results in some reduction in power (up to 10% reduction in average power consumption) in low load scenarios.
· increase of common channel/signal periodicity improves both power saving gains and energy efficiency of the BS.

Technique #A-1 (Enhanced Paging)
In this section, we evaluated the potential power saving when cells with zero load support enhanced paging transmissions. The details of the paging transmission enhancement are provided in our companion contribution [2]. The current NR paging distributes the paging frames evenly throughout the DRX cycle. Conceptually, the enhancement is localizing the paging occasions more in time domain to be more bursty with longer time gaps between the bursts.
In case, UEs that are being paged by the network is within the cell coverage area, UE would initiate PRACH to gain access to the cell and change to CONNECTED mode, in which the cells will become active and start data transmission for the UE. However, if the UE being paged are not in the cell coverage area, then even though BS is transmitting paging information, there is no UE to respond to and this simply consume power at the BS side.
Table 2. Energy Saving KPI for Technique #A-1 Option 7, enhanced paging (bursty PO/PF)
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	 #A-1 baseline
(Case 2-1)
	Cat 1 
	Zero,
Paging Load 2%
	31.49
(0 %)
	-
	-
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 1;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Paging Parameters:
N = T/4;
Ns = 4;

	#A-1
Option 7
(Case 2-2)
	Cat 1
	Zero,
Paging Load 2%
	24.80
(-21.2 %)
	-
	-
	
	
	Enh. Paging†:
N = T/4; 
Ns = 4; M = 4

	 #A-1 baseline
(Case 2-3)
	Cat 1 
	Zero,
Paging Load 0.2%
	12.85
(0 %)
	-
	-
	
	
	Paging Parameters:
N = T/16;
Ns = 2;

	#A-1
Option 7
(Case 2-4)
	Cat 1
	Zero,
Paging Load 0.2%
	12.34
(-3.9 %)
	-
	-
	
	
	Enh. Paging†:
N = T/16;
Ns = 2; M = 4

	#A-1
baseline
(Case 2-5)
	Cat 1
	Zero,
Paging Load 2%
	28.27
(0 %)
	-
	-
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Paging Parameters:
N = T/4;
Ns = 4;

	 #A-1 Option 7
(Case 2-6)
	Cat 1 
	Zero,
Paging Load 2%
	16.30
(-42.3 %)
	-
	-
	
	
	Enh. Paging†:
N = T/4;
Ns = 4; M = 4;

	#A-1
baseline
(Case 2-7)
	Cat 1
	Zero,
Paging Load 0.2%
	7.71
(0 %)
	-
	-
	
	
	Paging Parameters:
N = T/16;
Ns = 2;

	 #A-1 Option 7
(Case 2-8)
	Cat 1 
	Zero,
Paging Load 0.2%
	7.19
(-6.7 %)
	-
	-
	
	
	Enh. Paging†:
N = T/16;
Ns = 2; M = 4

	 #A-1 baseline
(Case 2-9)
	Cat 1 
	Zero,
Paging Load 3.6%
	41.15
(0 %)
	-
	-
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 80 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Paging Parameters:
N = T/4;
Ns = 4;

	#A-1
Option 7
(Case 2-10)
	Cat 1
	Zero,
Paging Load 3.6%
	33.37
(-18.9 %)
	-
	-
	
	
	Enh. Paging†:
N = T/4; 
Ns = 4; M = 4

	 #A-1 baseline
(Case 2-11)
	Cat 1 
	Zero,
Paging Load 0.5%
	16.49
(0 %)
	-
	-
	
	
	Paging Parameters:
N = T/16;
Ns = 2;

	#A-1
Option 7
(Case 2-12)
	Cat 1
	Zero,
Paging Load 0.5%
	16.46
(-0.2 %)
	-
	-
	
	
	Enh. Paging†:
N = T/16;
Ns = 2; M = 4

	#A-1
baseline
(Case 2-13)
	Cat 1
	Zero,
Paging Load 3.6%
	37.60
(0 %)
	-
	-
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 4;
SSB and SIB1 contained in same slot. 1 SSB per slot along with SIB1 to maximize SSB/SIB1 packing;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Paging Parameters:
N = T/4;
Ns = 4;

	 #A-1 Option 7
(Case 2-14)
	Cat 1 
	Zero,
Paging Load 3.6%
	27.68
(-26.4 %)
	-
	-
	
	
	Enh. Paging†:
N = T/4;
Ns = 4; M = 4;

	#A-1
baseline
(Case 2-15)
	Cat 1
	Zero,
Paging Load 0.5%
	9.92
(0 %)
	-
	-
	
	
	Paging Parameters:
N = T/16;
Ns = 2;

	 #A-1 Option 7
(Case 2-16)
	Cat 1 
	Zero,
Paging Load 0.5%
	9.89
(-0.3 %)
	-
	-
	
	
	Enh. Paging†:
N = T/16;
Ns = 2; M = 4


Note †: Enhanced paging is increasing the number of consecutive POs within a PF by factor of M while reducing PF density by a factor of M. This keeps the total number of POs same within the DRX cycle.
Observation 2:
· For Category 1 BS power model, 
· Enhancement to paging to make the PF and/or PO more bursty and more localized in time domain with longer gaps between groups of POs/PFs provide power saving gains up to 42.3%.


Technique #A-4 (Enhanced C-DRX)
In legacy C-DRX operations, different UEs’ C-DRX cycles may not be aligned which limits opportunity for the BS to be inactive for a prolonged duration and save power. In this section, we evaluated the potential power saving when cells deploy a common C-DRX configuration for the UEs to ensure alignment of transmission and reception opportunities of UEs in C-DRX within a cell. In other words, the common C-DRX configuration can be interpreted as cell’s DTX configuration where a cell is active for a certain duration every cycle. The details of the C-DRX enhancements are provided in our companion contribution [2].
Table 3. Energy Saving KPI for Technique #A-4, enhanced C-DRX operation (aligned DRX cycles among UEs within a cell)
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	 #A-4 baseline
(Case 3-3)
	Cat 1 
	Low,
RU 6.3%
	28.77
(0 %)
	138.5 Mbps /
97.9 Mbps
	Avg. EE: 9.09
Avg. Cell Tput:  Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;
DRX Parameters:
DRX Cycle: 80 msec; On duration 4ms,
Inactivity Timer: 40msec
For Enh C-DRX, cycle is 80ms and gNB is active for 20ms.
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	C-DRX

	#A-4
(Case 3-4)
	Cat 1
	Low,
RU 6.5%
	29.34
(+2.0 %)
	125.6 Mbps /
56.3 Mbps
	Avg. EE: 8.46
Avg. Cell Tput:  Mbps
	
	
	Enh. C-DRX†:

	 #A-4 baseline
(Case 3-5)
	Cat 1 
	Light,
RU 11.8%
	47.82
(0 %)
	122.3 Mbps /
76.9 Mbps
	Avg. EE: 5.20
Avg. Cell Tput: 200.0 Mbps
	
	
	C-DRX

	#A-4
(Case 3-6)
	Cat 1
	Light,
RU 11.6%
	46.46
(-2.8 %)
	86.4 Mbps /
20.3 Mbps
	Avg. EE: 4.82
Avg. Cell Tput: 188.5 Mbps
	
	
	Enh. C-DRX†:

	#A-4 baseline
(Case 3-5)
	Cat 1 
	Medium,
RU 28.5%
	103.04
(0 %)
	 93.2 Mbps /
 56.0 Mbps
	Avg. EE: 1.87
Avg. Cell Tput: 165.9 Mbps
	
	
	C-DRX

	#A-4
(Case 3-6)
	Cat 1
	Medium,
RU 19.5%
	72.46
(-29.7 %)
	 29.6 Mbps /
 6.0 Mbps
	Avg. EE: 2.33
Avg. Cell Tput: 164.6 Mbps
	
	
	Enh. C-DRX†:

	#A-4 baseline
(Case 3-9)
	Cat 1 
	Low,
RU 6.4%
	28.37
(0 %)
	111.2 Mbps /
74.8 Mbps
	Avg. EE: 8.81
Avg. Cell Tput: 229.4 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
SSB/PRACH/SIB1: 160 msec periodicity;
Number of SSB: 1;
DRX Parameters:
DRX Cycle: 160 msec; ON duration 8ms,
Inactivity Timer: 100msec
For Enh C-DRX, cycle is 160ms and gNB is active for 40ms (option 1) or 80ms (option 2)
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	C-DRX

	#A-4
(Case 3-10)
	Cat 1
	Low,
RU 7.2%
	29.49
(+4.0 %)
	89.5 Mbps /
51.4 Mbps
	Avg. EE: 7.43
Avg. Cell Tput: 200.5 Mbps
	
	
	Enh. C-DRX†:
(option 1)

	#A-4
(Case 3-10)
	Cat 1
	Low,
RU 6.0%
	27.71
(-2.3 %)
	186.5 Mbps /
125.2 Mbps
	Avg. EE: 9.37
Avg. Cell Tput: 246.7 Mbps
	
	
	Enh. C-DRX†:
(option 2)

	#A-4 baseline
(Case 3-11)
	Cat 1 
	Light,
RU 11.8%
	46.26
(0 %)
	98.1 Mbps /
64.7 Mbps
	Avg. EE: 5.31
Avg. Cell Tput: 198.9 Mbps
	
	
	C-DRX

	#A-4
(Case 3-12)
	Cat 1
	Light,
RU 12.2%
	45.18
(-2.3 %)
	66.6 Mbps /
18.6 Mbps
	Avg. EE: 4.66
Avg. Cell Tput: 178.3 Mbps
	
	
	Enh. C-DRX†:
(option 1)

	#A-4
(Case 3-12)
	Cat 1
	Light,
RU 11.3%
	45.05
(-2.6 %)
	164.3 Mbps /
100.4 Mbps
	Avg. EE: 5.31
Avg. Cell Tput: 211.1 Mbps
	
	
	Enh. C-DRX†:
(option 2)

	#A-4 baseline
(Case 3-11)
	Cat 1 
	Medium,
RU 28.0%
	99.20
(0 %)
	 75.0 Mbps /
 44.7 Mbps
	Avg. EE: 1.97
Avg. Cell Tput: 167.8 Mbps
	
	
	C-DRX

	#A-4
(Case 3-12)
	Cat 1
	Medium,
RU 19.6%
	68.55
(-30.9 %)
	 28.2 Mbps /
 6.8 Mbps
	Avg. EE: 2.54
Avg. Cell Tput: 169.2 Mbps
	
	
	Enh. C-DRX†:
(option 1)

	#A-4
(Case 3-12)
	Cat 1
	Medium,
RU 26.8%
	94.47
(-4.8 %)
	 116.6 Mbps /
 30.1 Mbps
	Avg. EE: 2.04
Avg. Cell Tput: 170.6 Mbps
	
	
	Enh. C-DRX†:
(option 2)


Note †: Enhanced C-DRX is a cell specific DRX configuration for the UEs where the cell is active/ON for a given duration within a DRX cycle
Observation 3:
· For Category 1 BS power model, 
· Enhancement to C-DRX such as cell specific C-DRX results in increased power saving gain at the gNB compared to legacy C-DRX,
· up to 30% power saving gain observed for C-DRX cycles of 80ms and 160ms for medium load conditions, at the expense of some UPT loss.
· up to 4.8% power saving gain observed for C-DRX cycles of 160 ms for medium load conditions while improving UPT. 

Technique #B-1 (Inter-band SSB-less Scell)
In this section, we evaluated the potential power saving when a Scell supports inter-band SSB-less operation. The evaluated scenario is with two cells in CA. The first cell (PCell) is transmitting SSB and receiving PRACH with 20 msec periodicity, and transmitting SIB1 with 40 msec periodicity. The second cell (SCell) is a inter-band CA connected cell with either (1) only SSB transmission with 160 msec periodicity, or (2) without SSB (i.e. SSB-less). The power consumption for the two cells were collected and summed up as the final network power consumption.
Table 4. Energy Saving KPI for Technique #B-1, inter-band SSB-less Scell
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)†
Avg. EE [Mbps/P]
Avg. Cell Tput [Mbps]
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	 #B-1 baseline
(Case 4-1)
	Cat 1 
	Low,
RU 7.9%
	100.84
(0 %)
	1639.3 Mbps /
901.1 Mbps 
	Avg. EE: 6.56
Avg. Cell Tput: 634.00 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
CA between two inter-band CC;

CC #1 (Pcell): 20 msec SSB/PRACH, 40 msec SIB1;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	CC# 2 (Scell): 160 msec SSB, no SIB1/PRACH,

	#B-1
(Case 4-2)
	Cat 1
	Low,
RU 7.9%
	97.84
(-3.0 %)
	1639.3 Mbps /
901.1 Mbps 
	Avg. EE: 6.81
Avg. Cell Tput: 634.00 Mbps
	
	
	CC# 2 (Scell): no SSB/SIB1/PRACH,

	 #B-1 baseline
(Case 4-3)
	Cat 1 
	Light,
RU 20.9%
	183.46
(0 %)
	1222.9 Mbps /
555.0 Mbps 
	Avg. EE: 2.96
Avg. Cell Tput: 496.98 Mbps
	
	
	CC# 2 (Scell): 160 msec SSB, no SIB1/PRACH,

	#B-1
(Case 4-4)
	Cat 1
	Light,
RU 20.9%
	181.64
(-1.0 %)
	1222.9 Mbps /
555.0 Mbps 
	Avg. EE: 3.00
Avg. Cell Tput: 496.98 Mbps
	
	
	CC# 2 (Scell): no SSB/SIB1/PRACH,

	 #B-1 baseline
(Case 4-5)
	Cat 1 
	Medium,
RU 38.3%
	284.42
(0 %)
	915.8 Mbps / 
297.7 Mbps
	Avg. EE: 1.57
Avg. Cell Tput: 414.87 Mbps
	
	
	CC# 2 (Scell): 160 msec SSB, no SIB1/PRACH,

	#B-1
(Case 4-6)
	Cat 1
	Medium,
RU 38.3%
	283.55
(-0.3 %)
	915.8 Mbps / 
297.7 Mbps
	Avg. EE: 1.57
Avg. Cell Tput: 414.87 Mbps
	
	
	CC# 2 (Scell): no SSB/SIB1/PRACH,



Observation 4:
· For Category 1 BS power model, 
· Inter-band SSB-less operation compared to SSB transmission with 160 msec periodicity in Scells results in relatively small power saving gains, at most 3% reduction in power consumption in low load scenarios.

Technique #B-3 (Intra-CC BWP Adaptation)
In this section, we evaluated the potential power saving when usable bandwidth for a cell is changed within a carrier. The evaluated scenario is a single cell operation with using 100%, 50%, or 25% of the bandwidth.
Table 5. Energy Saving KPI for Technique #B-3, intra-carrier BWP adaptation
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)†
Avg. EE [Mbps/P]
Avg. Cell Tput [Mbps]
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	#B-3
baseline
(Case 5-1)
	Cat 1 
	Low,
RU 7.9%
	62.38
(0 %)
	 819.7 Mbps /
 450.5 Mbps 
	Avg. EE: 5.10
Avg. Cell Tput: 317.0 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full BW

	#B-3
(Case 5-2)
	Cat 1
	Low,
RU 18.4%
	75.23
(+20.6 %)
	 346.8 Mbps /
 99.40Mbps 
	Avg. EE: 1.87
Avg. Cell Tput: 132.9 Mbps
	
	
	50% BW

	 #B-3
(Case 5-3)
	Cat 1 
	Low,
RU 44.6%
	109.43
(+75.4 %)
	 99.4 Mbps /
 15.5 Mbps 
	Avg. EE: 0.54
Avg. Cell Tput: 51.1 Mbps
	
	
	25% BW

	#B-3
baseline
(Case 5-4)
	Cat 1 
	Light,
RU 20.9%
	99.53
(0 %)
	 611.5 Mbps /
 277.5 Mbps 
	Avg. EE: 2.66
Avg. Cell Tput: 248.5 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full BW

	#B-3
(Case 5-5)
	Cat 1
	Light,
RU 53.5%
	145.22
(+45.9 %)
	 155.2 Mbps /
 22.1 Mbps 
	Avg. EE: 0.69
Avg. Cell Tput: 89.7 Mbps
	
	
	50% BW

	#B-3
(Case 5-6)
	Cat 1 
	Light,
RU 76.2%
	161.00
(+61.8 %)
	 25.7 Mbps /
 5.7 Mbps 
	Avg. EE: 0.26
Avg. Cell Tput: 40.7 Mbps
	
	
	25% BW

	#B-3 baseline
(Case 5-7)
	Cat 1 
	Medium,
RU 38.3%
	147.17
(0 %)
	 457.9 Mbps /
 148.8 Mbps 
	Avg. EE: 1.50
Avg. Cell Tput: 207.4 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full BW

	#B-3
(Case 5-8)
	Cat 1
	Medium,
RU 74.7%
	187.83
(+27.6 %)
	 50.5 Mbps /
 8.6 Mbps 
	Avg. EE: 0.44
Avg. Cell Tput: 80.1 Mbps
	
	
	50% BW

	 #B-2
(Case 5-9)
	Cat 1 
	Medium,
RU 79.7%
	167.00
(+13.5 %)
	 12.3 Mbps /
 3.6 Mbps 
	Avg. EE: 0.25
Avg. Cell Tput: 41.2 Mbps
	
	
	25% BW



Observation 5:
· For Category 1 BS power model,
· No power saving gains were observed from reducing the operating bandwidth in any load scenarios.
· Severe throughput loss was observed along with increase in overall power consumption when operating bandwidth is reduced. This is due to reduction of maximum throughput of the UEs and this resulting in longer time to complete the transmissions to the UEs. The longer activity in time domain resulted in higher power consumption compared to the power reduction from using less bandwidth (and transmit power).


Technique #C-1 (Port Adaptation)
In this section, we evaluated the potential power saving for number of antenna port adaptation at the BS. The evaluated scenario is a single cell operation with either (1) Full 64 Tx/Rx antenna used, (2) 32 Tx/Rx antenna used (50% reduction), (3) 16 Tx/Rx antenna used (75% reduction), or (4) Variable Tx/Rx antenna (between 64, 32, and 16 Tx/Rx). In case of variable Tx/Rx antenna usage, the number of Tx/Rx antenna was updated for a given cell based on traffic load estimates made by the gNB. Since the traffic load estimates are sometime long term measurements, the number of Tx/Rx antenna used by the cell did not dynamically change slot to slot, rather slowly based on traffic load conditions.
Table 6. Energy Saving KPI for Technique #C-1, antenna port adaptation
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)†
Avg. EE [Mbps/P]
Avg. Cell Tput [Mbps]
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	#C-1
baseline
(Case 6-1)
	Cat 1 
	Low,
RU 7.9%
	62.27
(0 %)
	 819.7 Mbps /
 450.5 Mbps 
	Avg. EE: 5.11
Avg. Cell Tput: 317.0 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	64 Tx (Fixed)

	#C-1
(Case 6-2)
	Cat 1
	Low,
RU 9.1%
	50.40
(-19.0 %)
	 731.1 Mbps /
 372.5 Mbps 
	Avg. EE: 5.46
Avg. Cell Tput: 276.5 Mbps
	
	
	32 Tx (Fixed)
50% Reduction

	 #C-1
(Case 6-3)
	Cat 1 
	Low,
RU 11.9%
	45.30
(-27.3 %)
	 585.5 Mbps /
 253.4Mbps 
	Avg. EE: 4.81
Avg. Cell Tput: 218.1 Mbps
	
	
	16 Tx (Fixed)
75% Reduction

	#C-1
(Case 6-4)
	Cat 1 
	Low,
RU 8.0%
	59.49
(-4.5 %)
	801.8 Mbps /
431.9 Mbps 
	Avg. EE: 5.07
Avg. Cell Tput: 298.7 Mbps
	
	
	Variable Tx
(based on load)

	#C-1
baseline
(Case 6-5)
	Cat 1 
	Light,
RU 20.9%
	99.22
(0 %)
	 611.5 Mbps /
 277.5 Mbps 
	Avg. EE: 2.67
Avg. Cell Tput: 248.5 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	64 Tx (Fixed)

	#C-1
(Case 6-6)
	Cat 1
	Light,
RU 23.8%
	73.77
(-25.7 %)
	 539.8 Mbps /
 228.5 Mbps 
	Avg. EE: 3.11
Avg. Cell Tput: 217.6 Mbps
	
	
	32 Tx (Fixed)
50% Reduction

	 #C-1
(Case 6-7)
	Cat 1 
	Light,
RU 31.4%
	63.81
(-35.7 %)
	400.3 Mbps /
131.2 Mbps 
	Avg. EE: 2.73
Avg. Cell Tput: 165.1 Mbps
	
	
	16 Tx (Fixed)
75% Reduction

	#C-1
(Case 6-8)
	Cat 1 
	Light,
RU 21.1%
	97.33
(-1.9 %)
	606.7 Mbps /
276.2 Mbps 
	Avg. EE: 2.71
Avg. Cell Tput: 243.8 Mbps
	
	
	Variable Tx
(based on load)

	#C-1
baseline
(Case 6-9)
	Cat 1 
	Medium,
RU 38.3%
	146.66
(0 %)
	457.9 Mbps /
148.8 Mbps 
	Avg. EE: 1.50
Avg. Cell Tput: 207.4 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	64 Tx (Fixed)

	#C-1
(Case 6-10)
	Cat 1
	Medium,
RU 43.4%
	103.30
(-29.6 %)
	389.3 Mbps /
99.2 Mbps 
	Avg. EE: 1.84
Avg. Cell Tput: 181.1 Mbps
	
	
	32 Tx (Fixed)
50% Reduction

	 #C-1
(Case 6-11)
	Cat 1 
	Medium,
RU 55.8%
	85.40
(-41.8 %)
	243.9 Mbps /
34.1 Mbps 
	Avg. EE: 1.67
Avg. Cell Tput: 136.6 Mbps
	
	
	16 Tx (Fixed)
75% Reduction

	#C-1
(Case 6-12)
	Cat 1 
	Medium,
RU 38.3%
	146.59
(-0.1 %)
	457.8 Mbps /
148.8 Mbps 
	Avg. EE: 1.50
Avg. Cell Tput: 207.3 Mbps
	
	
	Variable Tx
(based on load)



Observation 6:
· For Category 1 BS power model,
· Reduction of number of antennas used by the BS result in some reduction of power consumption, up to 41.8% in medium load scenarios and up to 27.4% in low load scenarios.
· While power consumption is reduced from reduction of number of antennas, it also results in loss in user throughput. In some instances up to 50% loss in average user throughput.
· In some scenarios, the right selection of number of antennas by the BS, results in improvement in energy efficiency up to 6%, 16%, and 22% for low, light, and medium loads.


Technique #D-1 (Power Adaptation)
In this section, we evaluated the potential power saving for transmission power adaptation at the BS. The evaluated scenario is a single cell operation with either (1) Full power of 55dBm, (2) 25% power of 49dBm, or (3) 6.25% power of 43dBm. No dynamic adaptation of transmission power was evaluated.
Table 7. Energy Saving KPI for Technique #D-1, transmission power  adaptation
	NWES scheme
	BS Category 
	Load/RU
	Avg. Power Consumption
	Avg. UPT /
5% UPT
[Mbps]
	Other KPI(s)†
Avg. EE [Mbps/P]
Avg. Cell Tput [Mbps]
	Evaluation methodology – Non-Power Modeling Aspects
	Evaluation methodology – Power Modeling Aspects
	Additional Notes

	#D-1
baseline
(Case 7-1)
	Cat 1 
	Low,
RU 7.9%
	62.38
(0 %)
	819.7 Mbps /
450.5 Mbps 
	Avg. EE: 5.10
Avg. Cell Tput: 317.0 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full Power

	#D-1
(Case 7-2)
	Cat 1
	Low,
RU 8.4%
	51.42
(-17.6 %)
	798.5 Mbps /
401.3 Mbps 
	Avg. EE: 5.83
Avg. Cell Tput: 301.2 Mbps
	
	
	-6dB Power

	#D-1
(Case 7-3)
	Cat 1 
	Low,
RU 9.9%
	50.39
(-19.2 %)
	746.0 Mbps /
306.4 Mbps 
	Avg. EE: 5.43
Avg. Cell Tput: 269.6 Mbps
	
	
	-12dB Power

	#D-1
baseline
(Case 7-4)
	Cat 1 
	Light,
RU 20.9%
	99.53
(0 %)
	611.5 Mbps /
277.5 Mbps 
	Avg. EE: 2.66
Avg. Cell Tput: 248.5 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;

	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full Power

	#D-1
(Case 7-5)
	Cat 1
	Light,
RU 21.6%
	74.28
(-25.4 %)
	604.8 Mbps /
261.9 Mbps 
	Avg. EE: 3.41
Avg. Cell Tput: 240.8 Mbps
	
	
	-6dB Power

	#D-1
(Case 7-6)
	Cat 1 
	Light,
RU 24.6%
	71.42
(-28.2 %)
	567.5 Mbps /
201.2 Mbps 
	Avg. EE: 3.25
Avg. Cell Tput: 217.0 Mbps
	
	
	-12dB Power

	#D-1
baseline
(Case 7-7)
	Cat 1 
	Medium,
RU 38.2%
	147.17
(0 %)
	457.9 Mbps /
148.8 Mbps 
	Avg. EE: 1.50
Avg. Cell Tput: 207.4 Mbps
	Set 1 (TDD-FR1);
FTP3 Traffic Type;
No C-DRX used for UEs;
CSI feedback based on SRS;
SIB1 BW: 48 PRB;
No paging overhead;
1 SSB beam;
SSB/PRACH periodicity: 20msec;
SIB1 periodicity: 40msec;
	Slot level model assumed
For scaling:
A = 0.4;
= for any sf, sp;
	Full Power

	#D-1
(Case 7-8)
	Cat 1
	Medium,
RU 39.2%
	103.09
(-30.0 %)
	450.7 Mbps /
138.4 Mbps 
	Avg. EE: 2.06
Avg. Cell Tput: 202.4 Mbps
	
	
	-6dB Power

	#D-1
(Case 7-9)
	Cat 1 
	Medium,
RU 43.2%
	96.65
(-34.3 %)
	415.1 Mbps /
91.2 Mbps 
	Avg. EE: 2.03
Avg. Cell Tput: 184.4 Mbps
	
	
	-12dB Power



Observation 7:
· For Category 1 BS power model,
· Reduction of transmit power used by the BS result in some reduction of power consumption, up to 34.3% in medium load scenarios and up to 19.2% in low load scenarios.
· While power consumption is reduced from reducing transmit power, it also results in loss in user throughput. 
· In some scenarios, the right selection of transmission power by the BS, results in improvement in energy efficiency up to 14%, 28%, and 37% for low, light, and medium loads, respectively.

Conclusions
In this contribution, we discussed issues related to evaluations for potential network saving techniques. The following is a summary of the observations from the evaluations:
Observation 1:
· For Category 1 BS power model, 
· increasing the common channel/signal periodicity, from 20 msec to higher values such as 160 msec, results in significant reduction in power (up to 40% reduction in average power consumption) in low load scenarios.
· increasing the common channel/signal periodicity beyond 160 msec, e.g., 640 msec, results in incremental reduction in power (additional 5% reduction
· increase of common channel/signal periodicity significantly improves both power saving gains and energy efficiency of the BS.
· For Category 2 BS power mode,
· increasing the common channel/signal periodicity, from 20 msec to higher values such as 160 or 1280 msec, results in some reduction in power (up to 10% reduction in average power consumption) in low load scenarios.
· increase of common channel/signal periodicity improves both power saving gains and energy efficiency of the BS.
Observation 2:
· For Category 1 BS power model, 
· Enhancement to paging to make the PF and/or PO more bursty and more localized in time domain with longer gaps between groups of POs provide power saving gains up to 42.3%.
Observation 3:
· For Category 1 BS power model, 
· Enhancement to C-DRX such as cell specific C-DRX results in increased power saving gain at the gNB compared to legacy C-DRX,
· up to 30% power saving gain observed for C-DRX cycles of 80ms and 160ms for medium load conditions, at the expense of some UPT loss.
· up to 4.8% power saving gain observed for C-DRX cycles of 160 ms for medium load conditions while improving UPT. 
Observation 4:
· For Category 1 BS power model, 
· Inter-band SSB-less operation compared to SSB transmission with 160 msec periodicity in Scells results in relatively small power saving gains, at most 3% reduction in power consumption in low load scenarios.
Observation 5:
· For Category 1 BS power model,
· No power saving gains were observed from reducing the operating bandwidth in any load scenarios.
· Severe throughput loss was observed along with increase in overall power consumption when operating bandwidth is reduced. This is due to reduction of maximum throughput of the UEs and this resulting in longer time to complete the transmissions to the UEs. The longer activity in time domain resulted in higher power consumption compared to the power reduction from using less bandwidth (and transmit power).
Observation 6:
· For Category 1 BS power model,
· Reduction of number of antennas used by the BS result in some reduction of power consumption, up to 41.8% in medium load scenarios and up to 27.4% in low load scenarios.
· While power consumption is reduced from reduction of number of antennas, it also results in loss in user throughput. In some instances up to 50% loss in average user throughput.
· In some scenarios, the right selection of number of antennas by the BS, results in improvement in energy efficiency.
Observation 7:
· For Category 1 BS power model,
· Reduction of transmit power used by the BS result in some reduction of power consumption, up to 34.3% in medium load scenarios and up to 19.2% in low load scenarios.
· While power consumption is reduced from reducing transmit power, it also results in loss in user throughput. 
· In some scenarios, the right selection of transmission power by the BS, results in improvement in energy efficiency.
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Appendix A – Evaluation Assumptions/Parameters

Table 8. System level simulation assumptions
	Parameter
	Value

	Duplex
	TDD (DDDSU, DDDSU)

	Layout
	Hex Deployment, 2 Tier 57 Cell Deployment

	ISD
	500 m

	System (carrier) BW
	100/50/25 MHz

	Number of Carrier
	1

	Number of TRP
	1

	Numerology
	30 kHz

	Total transmit power per TRP
	55/52/49/46/43 dBm
Note 1: The transmit power is scaled depending on occupied bandwidth as it is assumed fixed PSD.
Note 2: Maximum transmit power is linearly reduced when number of antenna elements are reduced from 64.

	Carrier Frequency
	4GHz

	BS Antenna Configuration
	64 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (8,8,2,1,1;4,8) (dH, dV) = (0.5λ, 0.8λ)
32 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (4,8,2,1,1;2,8) (dH, dV) = (0.5λ, 0.8λ)
16 TxRu, (M, N, P, Mg, Ng; Mp, Np) = (4,4,2,1,1;2,4) (dH, dV) = (0.5λ, 0.8λ)

	DL Traffic
	FTP3 0.5Mbyte, 200 msec Reading Time

	UL Traffic
	None

	SSB Periodicity
	20, 160, 2560 msec

	SIB1 PDSCH Periodicity
	80, 160, 2560 msec (occupies 48 PRB)

	PRACH Periodicity
	80, 160, 2560msec

	Average number of Users per cell
	3.28, 7, 11 (used to vary the network load)

	BS power model
	Cat 1 BS power model (unless stated otherwise)
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