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Use Case

 Radio Base Station

» Information Communication
Technology (ICT)

— 2021: Global Greenhouse Gas
Emissions (GHG) ~ 2.1 — 3.9%

— Maijority of emissions from
infrastructure

* Given the status quo of information
flow, what are the possibilities?
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A first glance — Power management z
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e The Power Infrastructure (PI):

— The 6610 Controller Unit (Brain) «——— - Power Flow
e The Power Controller (PC)
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*  Manages the available power resources e B ERS
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* Givenaload, how can the "brain” manage the power resources

suchthat , N
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System Model z
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System Model — External Input

* Load Profile (LP):

ower [KW]

LP= {PinO,Pinl, ---,PinN} [E. I
06 085
056 M 1 08

e Grid Tariff (GT): 4
GT = {Ty, Ty, ..., Ty} — . %

Tari Sé{g

E[r?r
J_F

* Grid Mode (GM):
GM = {Mo, Mli ,MN} g

e Sowe formalInputset / = {LP,GT, GM}
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System Model — Dynamics
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 State of Charge (SOC)

* Fuel Level (FL)

» Battery Cost (BC)
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Controller Model
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Hybrid Automaton - Introduction z
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» Hybrid automaton is a modelling language defined by a collection H =
(Q,X,Init,f,D,E,G,R)

» Lets go for an example in order to explain these variables.

« Consider a two-water tank system.

| Notaton | Description

= x4 Water level for tank 1
| |

N w Xy Water level for tank 2

) (2 Flow velocity out of tank 1
I e e
2| A__A_A (2 Flow velocity out of tank 2
mt---------1 [_._"_____C 9
r Critical water level for tank 1

U U T, Critical water level for tank 2

U1 Vo w Water flow input

| 2026-02-04 | Page 9



Hybrid Automaton - Introduction z
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-
- -
I
I

de,

Q discrete state space Q = {q1,92}
X continous state space (x1,x,) € X € R?
Init € Q XX initial conditions Init = {q4,x}
_ X1 =w-—v
f(q1,%) 2{ ;2 = —Uzl
fiQxX->X vector fields )
(2B =1
T2 < To faz Xy =W — 1,
. D(q1) ={x€X|x, =1}
D:Q - 2% domains 1 2=z
¢ D(qz) = {x € X| x; = 11}
EcQxQ edges E = {(q91,92), (92, 91)}
G(q1,q2) ={x €X|x, <1y}
G:E —> 2% uards bH2 2=z
. G(q2,91) ={x EX | x; <1}
R:IExX— 2% reset conditions
1 < T1
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q2
Power Mode of PC: "Charge Mode"
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Power Mode Notation | Dynamics -
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Grid Mod Foen, =0
1d Mode t c
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“—  Powa Flow

@--------p - Informason Fiow

L
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Policy 1: Baseline Policy 2
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4 : Power Flow

Pos— & Information Fiow
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Results Z

ERICSSON

Study 3 different Scenarios of RBS operation.
—Scenario 1: No grid failure

—Scenario 2: Determined grid failure

Mode [bool]

—Scenario 3: Random grid failure
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Result 1 _
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T Mwl W WW Ww N[

(S06,,..50C,; )"

* No grid failure
* Policy 1 lowest emission and cost.

Power [kW]
2 Z
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Max

- SEK
. v=0475%%
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0
0 500
[%] Time [min]

Policy 1 | Policy 2

SOCyms (%] | 50 | 30

SOC, [%] | 40 10 \ |

Y [SEK/xwn] 3 0.475 soc, g © ™ ® Soc i T W wutl” W Wl 4y
Policy 1 (Baseline) Policy 2 0 | ‘ |

OC [SEK] 6.97 (100%) 7.095 (101.7%) D T tmen

CO2 [kg] 9.09 (100%) 9.07 (99.8%)

C [-] C), =16.06 (100%) | Cy = 16.17 (100.7%)
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Result 2

-
° Gl'ld fallure 'T‘mu\ (SOCMaX,SOCMin)V . Grid fails! ‘ = i
* Policy 2 performs significantly better ° ' g
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Power [kW]

Policy 1 Policy 2 h (800, S0C )"
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SOC Max[%]
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| 2026-02-04 | Page 15



Result 3
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* Random grid failure
» Policy 1 or Policy 2? 20 -

- Policy 2
_ ——C, Sample Mean
100 - - Policy 1
—C1 Sample Mean

80 -

w: 1340.9927 p. 1376.7579
0. 725.7145 o: 163.5559

Frequency
I

Policy 1 Policy 2

tioc [SEK] | 1199.4 (100%) | 1168.1 (97.4%) || -
lico [kgl | 177.4 (100%) | 172.9 (97.5%)
uo [ | 1376.8 (100%) | 1341.0 (97.4%)
ooc [SEK] | 148.8 (100%) | 660.3 (443.8%)

ocor [kel | 1475 (100%) | 65.5 (444.1%) e
agc [-] 163.6 (100070) 725.7 (4440070) % . ;go B 1000 1500 o 2020. B 251;0- aoloo
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Conclusion =
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* The RBS PI can be modelled as a hybrid dynamical system.

» Policy 2 has potential of cost and emission savings, and performs best at times when the grid
may be unavailable. The cost variance is higher than that of Policy 1.
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