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Mobile traffic Is increasing, and so Is
energy consumption ...
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- Expected mobile traffic demand (bars): CISCO, “Cisco visual networking index: Global mobile data traffic forecast update,” White
Paper, February 2016.

- Energy consumption (line): A. Fehske, G. Fettweis, J. Malmodin, and G. Biczok, “Energy cooperation in cellular networks with
renewable powered base stations,” IEEE Transactions on Wireless Communications, vol. 13, no. 12, pp. 6996—7010, Dec. 2014.
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... With RAN consuming around 80%

Energy consumption in a cellular network

M Energy for transmitting
bits

m Redundancy, idle
resources

i Cooling, heating, lighting,
UPS, storage loss

M Losses in power
transmission lines

m Power supplies, fans

~ 80% RAN

Data Sources:
- Nokia Solutions and Networks, “Technology vision 2020 flatten network energy consumption,” White Paper, Dec. 2013.
- Ericsson, “Ericsson mobility report: On the pulse of the networked society,” White Paper, November 2015.
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Several methods can be used to
decrease energy costs:

2. Using Renewable Energy or
optimized energy procurement
from the smart grid to power BSs

1. BS Sleeping Strategy
(On/Off Switching)

I Caommunication flow

Electrical flow

Switched off BS|

3. Collaboration between Mobile
Operators, e.g. Network Sharing

Switched on BS

Or....
A Combination of these
Methods!
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1. At the start, assume all operators can
collaborate and all BSs are active

2. Evaluate inter-operator roaming
prices

3. Based on these prices, find groups of
collaborative operators
a. All operators can collaborate
b. None of the operators can
collaborate together
c. Disjoint groups of collaborative
operators can be found
d. Overlapping groups of collaborative
operators can be found: form
disjoint groups

4. Implement BS on/off switching while
keeping the system feasible

5. Iterate by going back to 2.

Find collaborating
group of operators

Find combination of
active B5=

roaming prices

Evaluate inter-operator
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Algorithm 1 Iterative Algorithm for Solving the MOLPP

aMdmm+—ﬂ”*vr—1 ..... Nop.
2 08 pt) s, Pl

min

I t=0; Let W ={1,...,] /op } be the set of operators in the game

_.?.;_II'.IEEII - Max. profit may not be
4 t+—t4+ 1. - ;
. : . | achieved simultaneousl
5. Solve the optimization problem in egs. (21) to (23) to obtain y
\ and p for all operators. Algl
6:  Determine the individual achievement of aspirations of each attempts tO_ select
NN p{e) I . roaming prices to
EPT‘E‘I“" i FIOR ;(”dt o G achieve a desired profit
7 alculate [y = ar:::?’ax and lyin ar%lzln ) aspiration instead
8 if A'™) > | then Onorat i ving the —"
0 Remove L, from the set W perators achieving their aspirations
10:  end if are removed from subsequent iterations
11: __if W £ () then
12: Updalte ll“ninirr;lum ac?in;:;fed aspiration using the dichotomic| A apt the aspiration
. scareh algorithm as 10Tows: levels so that the system
3: if A\''min’ <1 then . :
4 §ltmin) o i(lmin) 4], might reach a feasible
’ min .
16: §iimin) ¢ (f(tmin) [¢].
17: end if )+ 5o Decreased aspirations are
18: lltmin) [t 4 1] ¢ o never allowed to go below
19: ___end if the profit in the non-
20: until A > 1 or ¥ = 0. collaborative scenario




Algorithm 2 Iterative Algorithm for BS Sleeping Strategy

19:
20:

21:
22:

T €l < €[] Tor ol

18 while 3 Ner 5(‘-‘)[T] > TNe g oy
(ZN"D ENT <N £ and PO < P 1 =1, ..., Nop)

T T — 1. )
E7T) « EVIT, 5], PO « P{OT,j). €[T] « €[T,]]
for all [ = 1....,_-Nop‘

end while

€ = €[T]

I: ¢+ 0; Assume all BSs are activated, i.e., €[t] = [1,--- ,1].
2: repeat
3 ot t+ 1D+ 0
4. forj=1,---, ;V:"'iNé? do
5: Turn off BS 7 if it is not already turned off.
6 Check the BS power budget and number of served users
constraints as expressed in (17) and (18), respectively, for
all cells
7: if (17) and (18) are still satisfied for all cells then
8: Add j to @ (i.e., BS j that belongs to the set of BSs that Make sure that the BS elimination
can be safely turned off) and compute 8 [f j] from (13) . i
and P( )[z‘d}] after solving the optimization problem in does not prOVOke aroaming price
eqs. (19) and (20) for the given e[t, 7] using Algorithm 1. infeasi b|||ty by resorting to
9: else .
10: BS j cannot be turned off. Algorlthm 1
LL end if
19- end for
13:  Find BS j € @& such that, when it is turned off, the Switch off the BS that leads to
total energy. consumptlon of the network is minimum: j : . :
argmin Y, °Pg [f J] maximum energy savings in the
36‘1’
14:  BS j is completely and safely eliminated. €[t, j] < 0. network
T unul NO Molc can b ared o

Check if either the total energy
consumption in the network or the
individual operator profit is
improved as compared to the non-
collaborative case.

Revert back by elimination in order
to select the best BS combination.




Algorithm 3 Algorithm for Identifying Collaborating Groups

I:

N~

(8]

Complete + 0; Let = = {V, E, H%, where U = {1,..., Ny}
is the set of operators, E = [£\™ &) .. E(“)] is the set
ot non-collaborative energy consumption of the operat01s and

[P(u), S P}Ei] is the set of non-collaborative profit.
Let = =4, .E IL;}. where ¢ denotes the i*" element in each
set.

Let £ = 0 be the set containing the disjoint groups of operators
that can collaborate with each other.
while complete = 0, do

L SoL S basedon L jn decreasing order
5. fori=1to |E| do -
: or j =i+1to|Z|do o Find the two operators whose
7: Findthesetsz--:{prean’Pc > Pl =14, 5} . .
assuming all éSS are active. Ifl.szj. 7&6@ compute collaboration leads to maximum
the corresponding collaborative energy consumption 8( ) energy Savings in the network
arld profit ’P( °) by solving the optimization problem in i i ; i i
. (13) to (18) usine Algorithm 2. while increasing their own profits
g end or
B S :{5’;:5@ = o )V Merge collaborating operators into
10: if sopt # 0 then . . .
11: Cgfnhme Op. 7 and Op. j into a smole \flrtual operator, a Slngle virtual Operator in the set
denoted by Op. ij. Remove the i** and j entry in of operators, and iterate in order
'i' and add a new entry for the virtual operator 7 i.e., )
= = E\{Z:.5,} U{Z;}. where 5;; = (i, £, P). to increase the subset of
:% Pet Qp ¢ denote the combined Op. ij. Collaborating Opel’ators
3: i — 1
14 else
15: Op. 7 cannot collaborate with any other operator. Remove . .
Op. i from the set Z ie.. 2 = Z\Z, and add Z; to the When (additional) collaborators
o et cannot be found for an (virtual)
I ;ffnq for _ operator, this (virtual) operator is
: i = |Z| then .
19: Complete « 1. excluded from the search, which
20 end if ;
51 end while continues on the other operators




Results: Voronol Tessellation

Non-Cooperative Case
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Results: Voronol Tessellation

Cooperative Case

©
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Results: Operator Profitability

vs. Varying
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Results: Energy Consumption

vs. Varying Cost of Electricity
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Results: Energy Consumption
vs. Distribution of Green Energy
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Results: Operator Profit vs.

Distribution of Green Energy
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Users of Op.x served by Op.y

Results: Roamed Users and Roaming
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Opl generates more renewable
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Can these gains be sustained in 5G Networks?

Peak Data
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Broadband (eMBB)

2 User Experience
\,\\gh \mDOr‘tar;Ce Data Rate

SG: From Area Traffic Spectrum SG

Connected [Eiaiaed seeney Mission

People to Critical

Connected Services,

Pepple and . Tactile

Things Energy Mobility Internet
Efficiency

Massive machine type
communications (MMTC)

Connection Density Latency
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Can BSs be switched off while ensuring QoS
for loT and Tactile Internet?
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BS On/Off Switching with mMTC and URLLC

S RS 0T devices can communicate
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Z. Dawy, W. Saad, A. Ghosh, J. G. Andrews, and E. Yaacoub, “Towards Massive Machine Type Cellular Communications”,
IEEE Wireless Communications Magazine, Vol. 24, No. 1, pp. 120-128, February 2017.
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BS On/Off Switching with mMTC and URLLC

... that could be a
HeNB/Femtocell !

Need to provide
proper incentives
for owners. e

‘) Sk Small cell band C)
T
é Femtocell . Smallcell ;rg Macrocell qkenewable Energy source

H. Ghazzai, M. J. Farooq, A. Alsharoa, E. Yaacoub, A. Kadri, and M.-S. Alouini, “Green Networking in Cellular HetNets: A
Unified Radio Resource Management Framework with Base Station ON/OFF Switching”, accepted for publication in the
IEEE Transactions on Vehicular Technology, to appear 2017.
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BS On/Off Switching with mMTC and URLLC

Microwave low
power BS

.
-
-
-

Centralized

base-band

Uplink

Downlink

OR... °

#*
*
mmWave RS,

Massive Control AN
MIMO/Beamforming ‘Data
can help .

+

@
Dz‘[:n\* ®

Mobile
Device

Network Slicing?

Source: Anristu
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BS On/Off Switching with mMTC and URLLC

URLLC Qo0S/QoE can be guaranteed by resource reservation through
centralized control and/or appropriate network slicing.
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A. Taufique, M. Jaber, A. Imran, Z. Dawy, and E. Yaacoub, “Planning Wireless Cellular Networks of Future: Outlook,
Challeﬁjes and Opportunities”, IEEE Access, Vol. 5, pp. 4821-4845, April 2017, doi: 10.1109/ACCESS.2017.2680318.
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Thank You
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