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ABSTRACT

In order for developing countries to design and deploy Long Term Evolution (LTE) network in a cost-efficient
manner, the differentiated way of technological design and deployment methods are necessary as compared to
those for advanced countries. This paper focused on Radio Access Network (RAN) design methodology for
developing countries that consists of major part of the network cost. To verify the effectiveness of the suggested
design methodology, a Korean telecom company A’s actual design experience in an African developing country

was examined.
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Table 1. Comparison between D-RAN and C-RAN
(Source: Netmanias, 2014, edited by author)
Classification Distributed RAN
Traditional
Node B
) I
Architecture L)
Core - . A
= e 5 Ak
DU Cooling, Battery, Generator
Additional cost for power generators
CAPEX and cooling facilities (needed for
each site)
OPEX .Costs .for site .re.ntal charge,
installation and electricity
Operation Rigid network topology
Classification Centralized RAN
RUs
DUs -
Architecture Sl 3
[$1¢] ls—]
CCO — ﬂ
Core h . '

Classification Distributed RAN
Cost savings on power generators
CAPEX and cooling facilities (not needed for
each site)
Cost savings on site rental charge,
OPEX installation and electricity (power
consumption)
Operation Flexibl.e netwolTk top(?logy (easy
relocation/expansion of sites)

ol2# D-RAN¥} C-RANZF A9 7|58 v 24
Ad (Scalability), ZHAIt] Woge] 213} 3 5 =

AQl Sl 3 204 Asied” CRANS 7
T RUTE 7[R Alo| Eof] F55]7] wisiol] WA
o] B g ¢la Az AHo] =450l CAPEXS} OPEX
Sl vgdzke] 23} 33 HAS | B A
A oA, T4 5ol golslth A C-RAN 75-%
aflxd+= 4 ez} (Infrastructure) 7} B¢ XJFE 3z
83)7] wjol 7wt 9lxely} REF) S
C-RAN 722 A5 & AAsp o= 7t %M.
webr] Aol 739 7|akAlAde] ekt el ql
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Table 2. Strategic Factors for RAN Type Selection

Consideration D-RAN C-RAN
Network
Scalability Hard Easy
Network
Deployment Slow Fast
Speed

Evolution to
Next-Generation

Hard E:
Network (SDN, ar asy
NFV)
Inefficient
Cell Interference (Manual Efficient
Management control
needed)
Cell Design
Re-Modification Hard Easy
Transmit Latency
Limit on .
Backhaul No backhaul Stringent

(DU-RU site)

Either optical

Transmission . Only by optical
Medium fiber and fiber
microwave
Site Space for Large space Small space
Installation needed needed
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Table 3. Calculation Result for Ideal DU Center Number
and Locations

Classification Contents Remarks
Numbe.r of RU 108 sites
sites
GPS vs. Physical
Distance Ratio 0.47 72 samples used

by Sampling

Material & service

Fiber Optic cost,
Cable CAPEX 1,278.3 Depreciation for 20
and OPEX (per Unit years, O&M cost
km) in ‘Unit’ for 10 years (NPV
based)
DU Center 44.591 Floor space is on
CAPEX and U,nit lease basis, O&M

OPEX in‘Unit’
Min. Number of

DU Centers 3
Required

for 10 Years

E 4. DU AE] Aol e an)e vl
Table 4. Cost Comparison per DU Center Options

Classification | Option 1 | Option 2 | Option 3 [Option 4|Option 5

Number of
DU 3 4 5 6 7
Centers

Fiber

Optic

Cable
Length

708 560 487 444 412

Total Cost

.., | 1,038,297 | 894,334 | 844,189 | 834,557 | 839,047
in ‘Unit

oA71A Aol e B AlE)a Ak oAt
A2 AHEsioleh AEACE DU AlE7} 37064
o5 nlge] ATk} 6E MO T
27)sb7] whel ol A+ HA8kE A7 DU AlE
7670l #4142 vpelgedl 23 19 A 49] DU
A 912 (g A
s, § Axtel Fest WAelE 2 DU AlE
CAPEX Y OPEX: vl #o] ARksladc) Al
T52] 739 km 7 FHA0) 5] CAPEX 2 OPEX+
F 50l vt sk A ) 35S Veew 4SSt
9oL Bl Alo|f-7 g5 ‘ﬂ‘r 7HAL FAEHA &
steh Ak A= & 63 3tk
OPEX ke 27|85 Aol W85
= 20130 THste] e A A Hew AAs)
At A 8- 10:7E ghekar 7Hste] B 0AF
2] 2013 WACC (Weighted Average Cost of
Capital) 7|5 Sel§ 18.4% % NPV (Net Present
Value) & AFE3lolth o, 1ZwlolAl wa v] &
A &3 s otk
DU AlE|e] 7-- 2o 967] RU 58] 7}53 4

K City Metropolitan network

® RU site
¥ @ DU center (current)
AT\ - © DU center (candidate)
& 4 A DU center (k-means)
] .o |
® 2
i .
b: o
a3 1. K397 daEES £3 67 DU AlE] (AR 2

=
S E3E DU AlE] Tixl 97 (E=h)

Fig. 1. Slx (6) DU Center Locations Based on K-Means
Algorithm (Triangles) and Nine (9) DU Centers Candidates
Based on Site-Survey (Small Circles)

5. FAlE 75 HE ) ARaE A 2 oA
Table 5. Fiber Optic Cable Cost Items, CAPEX and
Assumptions

Component Classification Unit @ CostEstimation
Optical Fiber (14dcore ) Km Metro Rurel
FDF* (FCS-144) SET Costfor1KmFOC 000Ut 682 Urit
Fiber Slicing Closure EA Backhaul
Material Manhole Cover EA
X Assumptions
Manhole EA . L Corein <D 1Km
+ Optical Fber £ Core in SCD Duct €
Service Box EA
SCD" Duct K * Manhole 1 EA with Cover)
Puling FOC -144core Km + Sclicing in the Manhole [i -
Splicing Core * Ground Type Rate by Region
Termination - FDF EA Type Metro  Rural
Services Excavation for SCD duct(Soil) = Km Soil % 85%
Laying (SCD duct 1way) Km Rack ® o 0%
Construction Manhole EA Concrete (Acphalt)  1€% 5
Construction S/B(Senvice Box) ~ EA Footay w1
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Table 6. CAPEX and OPEX Calculation Result for
Urban Fiber Optic Cable per km in ‘Unit’ (Country B, K
City)

, NPV (Unit, 10
. . Unit Cost
Classification ... | years, WACC | Remarks
(Km, Unit)
18.4%)
CAPEX  [Fiber Cost per km 1,000 1,000
Deprecation per 500 For 20 years/
year per km i Straight Line
OPEX 278.3
Other O&M Cost 12
per year per km ’
Sum 1,278.3

E 7. DU AlE| 3 2R 2 8498 A A3 20134
715, B K A))

Table 7. CAPEX and OPEX Calculation Result for DU
Center in K City, Country B as of 2013
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gke] 97 FHA|9} A FA A oA 9)x]¢} A
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O™ 26 MEE FARNCL AEA0E A =
RAN 743 2 o] AN 2] AFE F5s)
W o 3 8% 7or] B ATl AQlel A w
OS2 F5 A AA| 5 &3 div] < 8% vl
(CAPEX % OPEX, NPV 7]¥)°] & Zog dite
:ﬂl B v 5o oledge] o= FAlClE
Aolg & 4 ol Zhdslar A3l H“ﬂ*OlE}
Fd=ich AARE B5o] OAR] 739 i
Al LS AFENE Ao} @AlelE

45 AR R A ARSIt EE AR A

It v Aol mg §] A WHES AE & A
Nx AR 5 9l& Aole) etsich

rH"ﬂl

(¢3
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Eowux

K City Metropolitan network
© RU site
\ B, O [ DU center (current)

W CAPEX \ % ©® DU center (candidate)
4 e A DU center (k-means)
) B} L -\ N K DU center (site-surveyed)
Camsteztionl Cassfeatons Deitdls Remaris | Quantity | Amountin Unit ] .
7 [ - \La g
= ., !
1 4 \ o a
Infrastructurs X .
i
i
Power Supply 1
= X
=3 FOP & DU Fack 3 J2 2. 3% DU AlE] AR A (%) 2 B A7 A
DUty  [Pover PO T uPS ARSI e #A 75 {E (2R vR)
ch G 7 . R
= — e Fig. 2. Final DU Center Selection (Stars) and Actual DU
Center Locations without Using Design Methodology in
 OPEX This Paper (Boxes)
Cimssiication] Oassfcaton? Remaris | Quantity NPV for 10Years
Pertie 1 EEE E 8. C-RAN AA ZA3} v
Tl k .
PE I 53 Table 8. C-RAN Design Result Comparison
B T i3
310|005 fud radl T = _
EE Fer DU S00W /) iz FeriDU i3 EEH Chssieaifon Actual K-—means Suggested R -
e T (1) Method Method (2)
Fiber Optic
‘ AP OO | l 4591 ] Cable Length 508.13 444.05 451.04
km)
* Remarks: CAPEX includes service charges such as
installation and S/W upgrades. Total Cost in 916,336 834,557 843,375 @y
* Assumptions

- Each switch covers 32 DUs

- Each rack houses 8 DUs

- Each DU covers 6 RUs

- DU ports occupancy rate is 70%
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Table 9 Evaluation Factors on Backhaul (between Rural
CO and RU Sites) Types
Item Fiber Microwave
L(‘)’;“&)Lﬁ“ Urban Favorili);?aé(é; short For long distance

(according

distance) Rural Same as the above Same as the above
Construction Time Long Short
Unstable
Transmission Quality Stable (by weather
condition)
ati Suitable for Suitable for
Operation short—term operation

long—term operation

haf

4 71E sjgick ool vish gl Al b ey
& Bk ol PRSIl Unit ©2 Bksilek

4.2.1 7|=RIZ AE

Q2R BAolE FFH]E-> £ 59| HolElE 7]
27 AFESIgley Ayle 113 2} wlo]=Z29
o]B.e] 739 kel eF9] (Towen) & Al 75 7
2o} 71 H9E 2l (Lease) 3 7-97F o] A
9 104 AR 2 4 sl & 12

T /\1\1 /QH]T‘:‘
= 3 B]g3)=o|n] F 13¢] CAPEX % OPEX Af

.

= A5 veplisich

E 1. IFAS BHelE
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Table 11. CAPEX and OPEX Calculation Result for
Rural Fiber Optic Cable

T=34H Km % CAPEX Y

= NPV (Unit, 10
. = Unit Cost
Classification & years, WACC Remarks
(Km, Unit)
18.4%)
CAPEX |Fiber Cost per km 682.1 682.1
Deprecation per 241 For 20 years/

year per km Straight Line
OPEX 192.0
Other O&M Cost 5

per year per km

Sum 874.1

4.1 M7 g Hot

212 CO #E RU AlelE 7} A7} (Backhaul)
o] vl FEAQl 155 98 E 109} e 7| zAlRm
Abze] dashe 9 CO9 RU Al EZE 7ol up
2} vlo|FZ o] B = Ao E 5 F ol ikl
o] t] |8 EHAQIA] A3l 2A kg A=

o

E 10. ¢1¥A9 RAN tjxigle 918t 7]% 2[5
Table 10. Basic Data Calculation for Rural Area RAN
Design

Classifications Contents Remarks

LTE radio band of 20
Mbps, economic life of
equipment except radio
tower for 10 years,
Assumption to use existing
tower on rural central
office and to construct or
lease tower on RU site.

Microwave Material and
system CAPEX service cost
and OPEX and O&M cost

e \a fibe: Material & service cost,

Rm‘(l)l i \aréz:élglbnr service cost depreciation for 20 years,

CA.P]E\}'md OPEX and O&M cost NPV based O&M cost for
I ‘ per km 10 years

Material and

4.2 A 24
o]714E F=re] B4l AAP} LTE 750l 3ei3)
9 B=] OARIAR] 20139 AHIE 7)o B4

E 12, vpolaz gelu 75 A= wg F5
Table 12. Microwave Related Cost Data
Classification Remark
Frequency: 15GHz,
Antenna 1.2m,
Channel Space: 56MHz,
Antenna i i B !
Line of Sight,
1+0 Configuration Each
Material Path
Radic Access Hardware Unit
CAPEX Stte Materials and Cables
Basic Software License
Capacity_200Mbps License
Tower Construction
Project Management per Site
Sonice Packet Teminal Installation
Antenna Installation
Line of Sight Survey
Tower Maintenance Annual
OPEX
Microwave Spectrum Fee Annual
E 13. vlo]azsold 75 ¥ CAPEX % OPEX 4t

E e"’]‘
Table 13. CAPEX and OPEX Calculation Result for
Microwave System

Classification New Tower (Unit)| Rental (Unit) | Remarks
Material 7732 2,062
CAPEX
Service 336 336
Sub Total 8,068 2398
OPEX 805 707 | Annual
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