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1. Introduction
At RAN#94e meeting, SID on network energy savings was approved with the objective as follows [1]:
	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



In this contribution, we share our evaluation results on power domain techniques. 

2. Evaluation results on power domain techniques 
In last meeting, the remaining issues of power model and evaluation methodology are agreed [2]. In this section, we provide our evaluation results of network power consumption as well as the UE packet throughput on power domain techniques. 
Power domain technology is one of the technologies included in the scope of SI [1]. Adaptation of transmission power of signals and/or channels is an effective way for network energy saving. If the gNB DL transmission power is reduced, but the DL transmission power of surrounding gNBs is not reduced, the SINR level of severed UE is reduced. To avoid the throughput degradation due to gNB transmission power reduction, there are two approaches. First approach is only reduced the transmission power of gNBs, e.g., in hot spot scenario, whose UEs enjoy very high SINR which exceeds the required SINR of the highest MCS levels. Even the SINR is reduced for these UEs, they can still enjoy the highest MCS. The other approach is reducing the transmission power of its surrounding gNBs as well. For this approach, although the signal level is reduced, the SINR level may be unchanged or slightly reduced as the interference level is reduced as well. In this section, we conduct the evaluation of the later approach. In the evaluation, it is assumed that all gNBs in the area take power adaptation at the same time. Once the power adaptation is performed, the gNB reduces X dB transmission power from the maximum total transmission power. X = {6, 12, 18} are evaluated. 
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                                                                                    (c) 5% UPT
Fig. 1 Power consumption and packet throughput performance 
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(a) Gain of 5% UPT                                       			   (b) Gain of average UPT
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(c) Gain of power consumption                   			    (d) Gain of power efficiency
Fig. 2 Gain of throughput, power consumption and power efficiency 

The evaluation results are shown in Figure 1 and Figure 2. In Figure 2 (c), it is observed that power adaptation achieves 6.6%-31.4% power saving gain. In Figure 2 (a) and (b), it is observed that power adaptation schemes suffer maximum 8.2% and 5.8% degradation on 5% UPT and average UPT, separately. Power saving gain is more significant in high traffic load than that in low traffic load. For low load with 10% RU, power adaptation saves 6.6%~8.7% energy with 3.3% and 1%~5.7% decreasing on 5% and average UPT, separately. For high load with 50% RU, power adaptation saves 24.1%~31.4% energy with -3.7%~5.8% and -3.1%-0% decreasing on 5% and average UPT, separately. Low or no throughput degradation is observed when gNB reduces transmission power since the interference level is also reduced.  
In Figure 2 (d), the gain of power efficiency of power adaptation schemes compared to the scheme with no power adaptation is shown. The power efficiency is defined as the ratio of average UPT to power consumed. As the power saving gain is obvious and throughput degradation is small, the power efficiency gain achieved by power adaptation is significantly increased in high traffic load. 

Observation 1
· Power adaptation achieves 6.6%-31.4% power saving gain and -3.7%~8.2%/-3.1~5.8% degradation on 5%/average UPT compared to no power adaptation. 
· Power saving gain is more significant in high load scenario (50% RU) than that in low load scenario (10% RU). 
· 5% and average UPT degradation is less than 8.2% and 5.8% separately, when power reduction is equal to or smaller than 18dB. Since the interference level is also reduced as the transmission power of neighbor gNB reduced.   

3. Conclusion
In this contribution, we have following observations based on our simulation results of network energy consumption.
Observation 1
· Power adaptation achieves 6.6%-31.4% power saving gain and -3.7%~8.2%/-3.1~5.8% degradation on 5%/average UPT compared to no power adaptation. 
· Power saving gain is more significant in high load scenario (50% RU) than that in low load scenario (10% RU). 
· 5% and average UPT degradation is less than 8.2% and 5.8% separately, when power reduction is equal to or smaller than 18dB. Since the interference level is also reduced as the transmission power of neighbor gNB reduced.   

References
[1] RP-213554, New SI: Study on network energy savings for NR, Dec. 2021, Huawei.
[2] 3GPP RAN1 #110b-e meeting, chairman’s notes.


- 5/5 -
image3.png
1dN %S Jo uieg

10.0%

5.0%

0.0%

-5.0%

-10.0%

530%

RU 50%)

1dn abelane Jo uies

10.0%

5.0%

0.0%

-5.0%

-10.0%

R?II MI

RU 50%




image4.png
uondwinsuod Jamod Jo uiesy

RU 10% RU 30%
B 6dB power reduction

58 8
ERNI

Aouailya Jamod Jo uies
5]
8

RU 50%
[ 12dB power reduction

g

RU 10% RU 30% RU 50%
[ 18dB power reduction




image1.png
sw Jad uondwinsuos

J1amod anneRy
BoE NN
& 8 &8 8 8

°

RU10% RU 30% RU 50%

[sdq] 1dn ebeseay

1000

400

200

o

RU 10% RU 30% RU 50%




image2.png
300
[ No adaptation

[ 6dB power adaptation
[ 12dB power adaptation
I I I [ 18dB power adaptation

RU 10% RU 30% RU 50%

[sdan] 1dn %S
2R NN

v o g o G
o & & &6 &6 ©




