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Introduction
In RAN#94, it was agreed to start a Rel 18 SI on network energy savings (latest WID in [7]), with the following objectives. 
1. Definition of a base station energy consumption model [RAN1]
· Adapt the framework of the power consumption modelling and evaluation methodology of TR38.840 to the base station side, including relative energy consumption for DL and UL (considering factors like PA efficiency, number of TxRU, base station load, etc), sleep states and the associated transition times, and one or more reference parameters/configurations.
2. Definition of an evaluation methodology and KPIs [RAN1]
· The evaluation methodology should target for evaluating system-level network energy consumption and energy savings gains, as well as assessing/balancing impact to network and user performance (e.g. spectral efficiency, capacity, UPT, latency, handover performance, call drop rate, initial access performance, SLA assurance related KPIs), energy efficiency, and UE power consumption, complexity. The evaluation methodology should not focus on a single KPI, and should reuse existing KPIs whenever applicable; where existing KPIs are found to be insufficient new KPIs may be developed as needed.
Note: WGs will decide KPIs to evaluate and how. 
3. Study and identify techniques on the gNB and UE side to improve network energy savings in terms of both BS transmission and reception, which may include:
· How to achieve more efficient operation dynamically and/or semi-statically and finer granularity adaptation of transmissions and/or receptions in one or more of network energy saving techniques in time, frequency, spatial, and power domains, with potential support/feedback from UE, and potential UE assistance information [RAN1, RAN2]
· Information exchange/coordination over network interfaces [RAN3]
Note: Other techniques are not precluded
The study should prioritize idle/empty and low/medium load scenarios (the exact definition of such loads is left to the study), and different loads among carriers and neighbor cells are allowed.

In the previous RAN1 meetings, a platform is established and agreed for NW energy consumption modelling and evaluations. In this contribution, we provide inputs particularly regarding evaluation of some of the NW energy saving techniques. 

Evaluation results and assumptions
This section shows the evaluations for various network energy savings schemes. The corresponding techniques are described in companion contribution [2].

PRACH adaptation

The baseline assumption for this evaluation is a SSB periodicity of 20ms, PRACH periodicity of 10ms and a SIB1 periodicity of 40ms. For load, an empty cell is assumed to model the idle periods where most energy is consumed in periodic downlink and uplink activity. Below table shows the evaluation results for adapting the PRACH periodicity to sparser values such as 20ms/40ms/80ms. Adaptation of PRACH resources enables reduction in NW energy consumption, at the cost of increasing access latency when PRACH resources become sparser. Introduction of dynamic adaptation signaling of PRACH resources avoids frequent SIB updates. Figures 1 and 2 shows the energy consumption profile for the one and four SSB case respectively.
Observation 1 [bookmark: _Toc118667886]Adaptation of PRACH resources enables reduction in NW energy consumption. Introduction of dynamic adaptation signaling avoids frequent SIB updates. For one to four SSBs,
a. [bookmark: _Toc118667887]14%-17% NES gain is obtained by using PRACH periodicity of 20 ms instead of 10ms at the cost of additional access latency of up to 10ms
b. [bookmark: _Toc118667888]21%-24% NES gain is obtained by using PRACH periodicity of 40 ms instead of 10ms at the cost of additional access latency of up to 30ms
c. [bookmark: _Toc118667889]22%-25% NES gain is obtained by using PRACH periodicity of 80 ms instead of 10ms at the cost of additional access latency of up to 70ms
Observation 2 [bookmark: _Toc118667890]Dynamic adaptation of PRACH resources is beneficial for network energy savings.
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Figure 1. Adaptation of PRACH resources (1SSB case).
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Figure 2 Adaptation of PRACH resources (4SSB case).
	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Ericsson
	


PRACH periodicity: 80ms

PRACH periodicity: 40ms

PRACH periodicity: 20ms
	Range for 1SSB to 4SSBs

22%-25%


21%-24%



14%-17%

	N/A
	N/A 
	Access latency increase:


<=70ms


<=30ms


<=10ms
	SSB periodicity: 20ms
Baseline PRACH periodicity: 10ms
SIB1 periodicity: 40ms
Load: empty cell
CAT: CAT1
Energy calculation: per symbol energy consumption is modeled.
	Adaptation of PRACH resources enables reduction in NW energy consumption. Introduction of dynamic adaptation signaling avoids frequent SIB updates.

Note: Legacy PRACH resources configured via SIB1 are used to support Rel-15/16/17/18 UEs. Dynamic adapted RACH resources are additionally available for Rel-18 UEs.


Adaptation of common signals including SSB/SIB1 and Discovery signal

The baseline assumption for this evaluation is a SSB periodicity of 20ms and a SIB1 periodicity of 160ms. For load, an empty cell is assumed to model the idle periods where most energy is consumed in periodic downlink and uplink activity. Below table shows the evaluation results for the enhancement where the only signals present are a discovery signal with 20ms periodicity and no SIB1 is transmitted (SIB1 is provided through a new mechanism). For the evaluation the discovery signal is assumed to be 4 symbols long (2 symbols of sync and 2 symbols to carry information regarding the on-demand uplink request). Figures 3 and 4 shows the energy consumption profile for the one and four beam cases respectively.
· Baseline: 20ms SSB + 160ms SIB1 
· Enhancement: 20ms Discovery signal (4 symbols) + no SIB1 (SIB1 provided through new mechanism)  
· Note: Enhancement only available for cases where Rel-15/16/17 and Rel-18 UEs not supporting the discovery signal are not using the carrier 
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Figure 3. Discovery signal with four symbols (1 beam) vs baseline 1 SSB+ 160ms SIB1.
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Figure 4. Discovery signal with four symbols (4 beams) vs baseline 4 SSBs+ 160ms SIB1.

	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	[bookmark: _Hlk118634911]Ericsson
	


20ms ‘Discovery signal’ (no SIB1)
Number of symbols for ‘Discovery signal’: 4



	Range for 1SSB to 4SSBs

3%-6%




	N/A
	N/A
	
	Baseline: 20ms SSB + 160ms SIB1

Load: empty cell
CAT: CAT1
Energy calculation: per symbol energy consumption is modeled.

	According to Rel-15 specification, SIB1 can be transmitted with variable transmission repetition periodicity within 160 ms period, including one PDSCH transmission every 160ms.

Note: Enhancement only available for cases where Rel-15/16/17 UEs (and Rel-18 UEs that do not support the Discovery signal) are not using the carrier



Observation 3 [bookmark: _Toc118667891]According to Rel-15 specification, SIB1 can be transmitted with variable transmission repetition periodicity within a 160 ms period, including one SIB1 PDSCH transmission every 160ms or even sparser.
Observation 4 [bookmark: _Toc118667892]For discovery signal transmission with 20ms periodicity + no SIB1 transmission, compared to a baseline 20ms SSB + 160ms SIB1, in an empty cell scenario, for one to four SSBs,
i. [bookmark: _Toc118667893]3%-6% NES gain is obtained using a 4-symbol discovery signal
The baseline assumption for this evaluation is a SSB periodicity of 20ms and a SIB1 periodicity of 160ms. For load, an empty cell is assumed to model the idle periods where most energy is consumed in periodic downlink and uplink activity. Below table shows the evaluation results for the enhancement where the only signals present are a SSB + SIB1, both present with periodicity of 40ms, 80ms and 160ms (SIB1 is provided through legacy mechanism). Figures 5 and 6 shows the energy consumption profile for the one and four beam cases respectively.
· Baseline: 20ms SSB + 160ms SIB1 
· Enhancement: 40ms/80ms/160ms SSB + SIB1 
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Figure 5. SSB/SIB1 periodicity of 20/40/80ms vs baseline of SSB+ 160ms SIB1 (1 beam).
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Figure 6. SSB/SIB1 periodicity of 20/40/80ms vs baseline of SSB+ 160ms SIB1 (4 beams).


	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Ericsson
	


SSB/SIB1 periodicity: 40ms
SSB/SIB1 periodicity: 80ms
SSB/SIB1 periodicity: 160ms

	Range for 1SSB to 4SSBs

1%-(-6%)

48%-44%


63%-69%

	N/A
	N/A
	
	Baseline: 20ms SSB + 160ms SIB1

Load: empty cell
CAT: CAT1
Energy calculation: per symbol energy consumption is modeled.
	Increasing SSB/SIB1 periodicity to 80ms or 160ms enables significant NW energy saving gains as gNB can go into deep sleep state.



Observation 5 [bookmark: _Toc118667894]For SSB/SIB1 adaptation, compared to a baseline 20ms SSB + 160ms SIB1, in an empty cell scenario, for one to four SSBs,
i. [bookmark: _Toc118667895]1%- (-6%) NES gain is obtained using 40ms SSB/SIB1 periodicity
ii. [bookmark: _Toc118667896]48%-44% NES gain is obtained using 80ms SSB/SIB1 periodicity 
iii. [bookmark: _Toc118667897]63%-69% NES gain is obtained using 160ms SSB/SIB1 periodicity 

Adaptation of spatial elements

The baseline assumption for this evaluation is 64 antennas (Set 1, Cat 1). For load, low, light and medium loads are evaluated. Below table shows the evaluation results for the enhancement where antenna adaptation to 32 and 16 Tx antennas is performed. 
· Baseline: 64 antennas 
· Enhancement: antenna adaptation up to 32 and 16 antennas 

	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Ericsson
	


Antenna adaptation from 64 antennas up to 16 antennas




Antenna adaptation from 64 antennas up to 32 antennas
	


Low load: 
21% 
Light load: 
32%
Medium load: 
37%


Low load: 
15 %
Light load: 
21% 
Medium load: 
22%
	
	UPT Loss at (95-%, 50-%, 5-%):

Low load: 
(3%, 5%,14%)
Light load: 
(6%,15%,44%)
Medium load: 
(8%,25%,33%)


Low load: 
(1%, 2%,8%)
Light load: 
(3%,6%,12%)
Medium load: 
(3%,14%,22%)

	
	SLS assumptions as per the RAN1 agreement for Set 1. 
Number of SSBs: 1
Baseline scaling model for antenna/BW/power
Load: Low, Light, Medium
CAT: CAT1
 Energy calculation: per symbol energy consumption is modeled.

	Depending on the load, adapting number of antennas for durations when only users in good channel conditions are scheduled  provides NW energy saving gains while avoiding significant UPT impact.



Observation 6 [bookmark: _Toc118667898]Adaptation of spatial elements enables reduction in NW energy consumption.  Using antenna adaptation (from 64 to 32/16 antennas),
a. [bookmark: _Toc118667899]At low load, 15%-21% NES gain is obtained at the cost of 
i. [bookmark: _Toc118667900]UPT loss of 1%-3% for 95-% UE
ii. [bookmark: _Toc118667901]UPT loss of 2%-5% for 50-% UE
iii. [bookmark: _Toc118667902]UPT loss of 8%-14% for 5-% UE
b. [bookmark: _Toc118667903]At light load, 21%-32% NES gain is obtained at the cost of 
i. [bookmark: _Toc118667904]UPT loss of 3%-6% for 95-% UE
ii. [bookmark: _Toc118667905]UPT loss of 6%-15% for 50-% UE
iii. [bookmark: _Toc118667906]UPT loss of 12%-44% for 5-% UE
c. [bookmark: _Toc118667907]At medium load, 22%-37% NES gain is obtained at the cost of
i. [bookmark: _Toc118667908]UPT loss of 3%-8% for 95-% UE
ii. [bookmark: _Toc118667909]UPT loss of 14%-25% for 50-% UE
iii. [bookmark: _Toc118667910]UPT loss of 22%-33% for 5-% UE
Observation 7 [bookmark: _Toc118667911]Dynamic adaptation of spatial elements including CSI feedback enhancements to facilitate the adaptation is beneficial for network energy savings.

Adaptation of transmit power

The baseline assumption for this evaluation is 64 antennas (Set 1, Cat 1) with max Tx power of 55 dBm. For load, low, light and medium loads are evaluated. Below table shows the evaluation results for the enhancement where Tx power adaptation/reduction of up to 6 dB and 12 dB are evaluated. 
· Baseline: Tx power = 55 dBm 
· Enhancement: Tx power adaptation/reduction of up to 6 dB, 12 dB.

	Company
	NW energy saving scheme
	ES Gain
	ES gain for each configuration
	UPT
(Optional: Energy Efficiency)
	Other impact
	Evaluation methodology/baseline assumption
	Note

	Ericsson
	


Antenna adaptation up to 6dB 







Antenna adaptation up to 12dB
	


Low load: 
18% 
Light load: 
33%
Medium load: 
38%



Low load: 
21 %
Light load: 
41% 
Medium load: 
48%
	
	UPT Loss at (95-%, 50-%, 5-%):

Low load: 
(1%, 1%,2%)
Light load: 
(0%,4%,7%)
Medium load: 
(2%,9%,7%)



Low load: 
(1%, 3%,22%)
Light load: 
(1%,8%,36%)
Medium load: 
(0%,9%,13%)

	
	SLS assumptions as per the RAN1 agreement for Set 1. 
Number of SSBs: 1
Baseline scaling model for antenna/BW/power
Load: Low, Light, Medium
CAT: CAT1
Energy calculation: per symbol energy consumption is modeled.
	Depending on the load, adapting power for durations when only users in good channel condition are scheduled provides NW energy saving gains without significant UPT impact.




Observation 8 [bookmark: _Toc118667912]Adaptation of DL transmit power enables reduction in NW energy consumption. Using power adaptation (reduction up to 6 and 12 dB),
a. [bookmark: _Toc118667913]At low load, 18%-20% NES gain is obtained at the cost of
i. [bookmark: _Toc118667914]UPT loss of 1% for 95-% UE
ii. [bookmark: _Toc118667915]UPT loss of 1%-3% for 50-% UE
iii. [bookmark: _Toc118667916]UPT loss of 2%-22% for 5-% UE
b. [bookmark: _Toc118667917]At light load, 21%-32% NES gain is obtained at the cost of 
i. [bookmark: _Toc118667918]UPT loss of 0%-1% for 95-% UE
ii. [bookmark: _Toc118667919]UPT loss of 4%-8% for 50-% UE
iii. [bookmark: _Toc118667920]UPT loss of 7%-36% for 5-% UE
c. [bookmark: _Toc118667921]At medium load, 22%-37% NES gain is obtained at the cost of
i. [bookmark: _Toc118667922]UPT loss of 2%-0% for 95-% UE
ii. [bookmark: _Toc118667923]UPT loss of 9% for 50-% UE
iii. [bookmark: _Toc118667924]UPT loss of 7%-13% for 5-% UE

Observation 9 [bookmark: _Toc118667925]Dynamic adaptation of DL transmit power including CSI-RS configuration/CSI feedback enhancements to facilitate the adaptation is beneficial for network energy savings.

[bookmark: _Hlk83889356][bookmark: _Hlk83889312]Conclusion
[bookmark: _Hlk83889481]In previous sections, the following observations and proposals were made: 
Observation 1	Adaptation of PRACH resources enables reduction in NW energy consumption. Introduction of dynamic adaptation signaling avoids frequent SIB updates. for one to four SSBs,
a.	14%-17% NES gain is obtained by using PRACH periodicity of 20 ms instead of 10ms at the cost of additional access latency of up to 10ms
b.	21%-24% NES gain is obtained by using PRACH periodicity of 40 ms instead of 10ms at the cost of additional access latency of up to 30ms
c.	22%-25% NES gain is obtained by using PRACH periodicity of 80 ms instead of 10ms at the cost of additional access latency of up to 70ms
Observation 2	Dynamic adaptation of PRACH resources is beneficial for network energy savings.
Observation 3	According to Rel-15 specification, SIB1 can be transmitted with variable transmission repetition periodicity within a 160 ms period, including one SIB1 PDSCH transmission every 160ms or even sparser.
Observation 4	For discovery signal transmission with 20ms periodicity + no SIB1 transmission, compared to a baseline 20ms SSB + 160ms SIB1, in an empty cell scenario, for one to four SSBs,
i.	3%-6% NES gain is obtained using a 4-symbol discovery signal
Observation 5	For SSB/SIB1 adaptation, compared to a baseline 20ms SSB + 160ms SIB1, in an empty cell scenario, for one to four SSBs,
i.	1%- (-6%) NES gain is obtained using 40ms SSB/SIB1 periodicity
ii.	48%-44% NES gain is obtained using 80ms SSB/SIB1 periodicity
iii.	63%-69% NES gain is obtained using 160ms SSB/SIB1 periodicity
Observation 6	Adaptation of spatial elements enables reduction in NW energy consumption.  Using antenna adaptation (from 64 to 32/16 antennas),
a.	At low load, 15%-21% NES gain is obtained at the cost of
i.	UPT loss of 1%-3% for 95-% UE
ii.	UPT loss of 2%-5% for 50-% UE
iii.	UPT loss of 8%-14% for 5-% UE
b.	At light load, 21%-32% NES gain is obtained at the cost of
i.	UPT loss of 3%-6% for 95-% UE
ii.	UPT loss of 6%-15% for 50-% UE
iii.	UPT loss of 12%-44% for 5-% UE
c.	At medium load, 22%-37% NES gain is obtained at the cost of
i.	UPT loss of 3%-8% for 95-% UE
ii.	UPT loss of 14%-25% for 50-% UE
iii.	UPT loss of 22%-33% for 5-% UE
Observation 7	Dynamic adaptation of spatial elements including CSI feedback enhancements to enable to facilitate the adaptation is beneficial for network energy savings.
Observation 8	Adaptation of DL transmit power enables reduction in NW energy consumption. Using power adaptation (reduction up to 6 and 12 dB),
a.	At low load, 18%-20% NES gain is obtained at the cost of
i.	UPT loss of 1% for 95-% UE
ii.	UPT loss of 1%-3% for 50-% UE
iii.	UPT loss of 2%-22% for 5-% UE
b.	At light load, 21%-32% NES gain is obtained at the cost of
i.	UPT loss of 0%-1% for 95-% UE
ii.	UPT loss of 4%-8% for 50-% UE
iii.	UPT loss of 7%-36% for 5-% UE
c.	At medium load, 22%-37% NES gain is obtained at the cost of
i.	UPT loss of 2%-0% for 95-% UE
ii.	UPT loss of 9% for 50-% UE
iii.	UPT loss of 7%-13% for 5-% UE
Observation 9	Dynamic adaptation of DL transmit power including CSI-RS configuration/CSI feedback enhancements to enable to facilitate the adaptation is beneficial for network energy savings.
[bookmark: _Hlk83889439]
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Annex A (Evaluation results for spatial adaptation: Set 1, Cat 1)

	 
	LOW LOAD
	LIGHT LOAD
	MEDIUM LOAD

	 
	16 antennas
	32 antennas
	64 antennas
	16 antennas
	32 antennas
	64 antennas
	16 antennas
	32 antennas
	64 antennas

	5% UPT
	43 Mbps
	46 Mbps
	50 Mbps
	9.6 Mbps
	15 Mbps
	17 Mbps
	1.8 Mbps
	2.1 Mbps
	2.7 Mbps

	50% UPT
	62 Mbps
	64 Mbps
	65 Mbps
	44 Mbps
	49 Mbps
	52 Mbps
	27 Mbps
	31 Mbps
	36 Mbps

	95% UPT
	74 Mbps
	75 Mbps
	76 Mbps
	65 Mbps
	67 Mbps
	69 Mbps
	57 Mbps
	60 Mbps
	62 Mbps

	Energy Consumption
	9105
	9845
	11584
	14880
	17131
	21752
	20337
	24900
	32099

	Energy consumption relative to 64 antennas
	79%
	85%
	100%
	68%
	79%
	100%
	63%
	78%
	100%




Annex B (Evaluation results for DL power adaptation: Set 1, Cat 1)

	 
	  LOW LOAD 
	  LIGHT LOAD 
	 MEDIUM LOAD 

	Tx power (dBm)
	43 dBm
	49 dBm
	55 dBm
	43 dBm
	49 dBm
	55 dBm
	43 dBm
	49 dBm
	55 dBm

	5% UPT
	40Mbps
	50 Mbps
	51 Mbps
	9 Mbps
	13 Mbps
	14 Mbps
	2.6 Mbps
	2.8 Mbps
	3 Mbps

	50% UPT
	66 Mbps
	67 Mbps
	68 Mbps
	46 Mbps
	48 Mbps
	50 Mbps
	30 Mbps
	30 Mbps
	33 Mbps

	95% UPT
	77 Mbps
	77 Mbps
	78 Mbps
	69 Mbps
	70 Mbps
	70 Mbps
	66 Mbps
	65 Mbps
	66 Mbps

	Energy
Consumption 
	9165
	9532
	11584
	12935
	14572
	21752
	16821
	19750
	32099

	Energy consumption relative to 55dBm
	79%
	82%
	100%
	59%
	67%
	100%
	52%
	62%
	100%
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