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Abstract: Long Term Evolution (LTE) is a fourth generation technoladych is expected to be the mobile broadband platform for
services in innovation for the foreseeable fut@eing on withLTE radio network planning is a wathosen challenge and a certain

hot topic in the current research arena. Again, efficient ragliwork planning for a densely populated city adds to certain level of
complexity in the overall work in terms of proper resource management and capacity requirement fulfillment. In this paper, a
detailed LTE radio network planning procedure has been asdhpipresented which concentrates on nominal and detailed planning
considering possible network implementation in thesinpmpulated Indian city Mumbai
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network planning being eather vital step for a wireless

1. INTRODUCTION communication technology while LTE standardization

LTE is the next major step in mobile radio Work is approaching the end line; it is high time to go for
communications and is introduced in 3rd Generatiorefficient radio network planning guideline. For the same
Partnership Project (3GPP) Release 8. It is the last stépason, along with the fadhat in LTE radio network
toward the 4th generation (4G) of radio technologieplanning just like other cellular technologies, initial stage
desigred to increase the capacity and speed of mobil@lanning is normally guided by various industries and
telephone networks. The main advantages with LTE ag endor s at their own discret
high throughput, low latency, plug and play, frequencydisclose their expansions and findings. That makes the jo
division duplexing (FDD) and time division duplexing €ven more thougkgrovoking [4].
(TDD) in the same platform, an improved eush
experience and a simple architecture resulting in lo : : : Y :
operating costs. LTE supports scalable carrier bandwidtf\%ge detailed radio network planning guideline with respect

from 1.4 MHz to 20 MHz and supports both FDD and Mumbatmost populous city in India. It goes without
TDD [1-3]. saying that radio network planning for a highly ptated

southAsian city with variant levels of user requirements
Whenever new cellular technology is considered folis a daunting task. Although Aircel and Bharti Airtel have
mass deployment, hundreds @6 RF parameters go already launched 4G TDTE network in some parts of
through tuning process with a view to find out optimum|ngia, those are still in their preliminary stages and need
value. But this phase is time consuming and very costlygis of planning andoptimization works for efficient
Before commercial deployment if extensive SimU|ati°ncoverage and capacity all over [5]. With this mission
can be run, this tuning phase can be_ fac_ilitated iré\head, in this paper a step by step method has been
Phuen;((:rgiljrﬁ \gfﬁ(‘)&?ﬁzgiglsn%t\k:veoﬁ(repfligznﬂg'g]f'zf_?éAgofollowed using radio planning tool Atoll. The idea is to
" cover the nominal and detailed planning stages in detail

looking for optimization of the vital parameters in the o .
least possible time is a very challenging issue whicHV'th respect to Mumbai city. Performance analysis of the

indeed helps network operators in a greater extemtioRa planned network has also been included here. Prior to that,

The ultimate objective of this work is to come up with
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a brief description of the nominal and detailed radio ¢§ Defining KPIs and Parameter Planningsing

planning has been given eNodeB systerparameters and counters, defining
performance KPIs and its target values based on
vendor s promise, veri ficeé
2. RELATED WORKS target values using planning and dimensioning
An analysis of practical coverage scenariarnurban tools nominally along with pre and pdatinch
area (i.e. Kolkata) in terms of received sigieafels, total optimization [4].

noise, interference, throughput, and quality factor for gt defining KPI and parameter planning has been
downlink signal Igvel is shown.ilnoth['7] a_md Bl.In[9] a _ considered out of the scope of this paper.

detailed LTE radio network dimensioning procedure i.e.

capacity andcoverage analysis has been performed i, RADIO PLANNING FOR MumBAI CITY

order to prepare a radio planning guideline considering Mumbai (also known as Bombay) is the capital city of

possible network operation in Dhaka city through IInkthe Indian state of Maharashtra. It is the most populous

budget preparation along with link and system level .. . : : ;
simulations. For the densely populated city DhakaC|ty in India, second most populougetropolitan area in

nominal and detailed radio planning stage has beemdla. Efficient radio network planning is obviously a big

. oS Qhallenge here with the optimal utilization of limited
covered in 10]. But the airrent work is different from [7 o< oo considering different level of users. Related pre
10], as it not only takes a different city for planning; but

the operating frequency has also been taken as ﬂ%annmg information of Mumba:

currently available one in India i.8.3 GHz, which was A Population: 12.5million
2.1 GHz for [9] and [1P That makes the current analysis A Area 603.4 knmi(metropolitan area)

quite closer to the practical scenario. Again, for capacity Assuming 0.75% of that population i.e. 93750 to be

calcultion simulation result from [11] is used in this vered and with an overbooking factor of 50. th
work. [1]] provides analyses of the performance of radiocOVerea a an Overbooking factor o , the

paraneters necessary for efficient LTE radio planning: PoPulation number appears to be 93750/50 = 1875 (which
through numerous simulations in different transmissior] €aUIres to be supported simultaneously).

modes and network scenario using link and system level From [9] taking 15 activdJEs/cell for this scenario
simulator [6]. It mainly highlights the throughput, Block for optimum result, number of eNodeB required for
Error Rate (BLER) with respect to S@jrto-Noise Ratio  capacity = 1875/(3 15)U 42

(SNR) on the physical layer and in network context ) )

covering different simulation environmen#sm attempt to Using CostHata propagation model

facilitate a planned decision making stage for the mobile _— + . +

broadband solutionspecifically focusing in the South Tagmé]l?féd 33.9 logh 13.82 logh - a(h) + [44.96.55
Asian region, has been made in [L2Quantitatively

analyzingthe performance of radio parameters necessary a(hs) = (1.1logf -0.7)g- (1.56 logf- 0.8)

for efficient LTE radio planning appears to be the primal Where, L = Median path loss (dB); f = Frequency of

contribution of 3. Future 4G network deployment 1, smission (MHz): hi= Base Station Antenna effective
strategies, complexities are highlighted in -i5]. But height (m); d = Link distance (km)xh= Mobile Station
these followed rather generic approach. Antenna effective height (m); afh = Mobile station
3. RADIO NETWORK PLANNING PROCESS Antenna height correction factor as désed in the Hata
. ) . Model for Urban Areas.
Radio Network Planning contains number of phases: ) )
C = 3 dB for metropolitan aredNow, with f = 2300

I Initial phasewhich includes collection of pre MHz, hg=33m, k= 1.5m
planning information and starting network
dimensioning i.e. Link Budget preparaton  a(hw) =(1.1logf-0.7)hs- (1.56 logf- 0.8) =0.06
coverage and capacity calculation by running o g=2.27 km achieved pathoss, L= 142.23 dB
simulations.
Area of the Hexagonal shape for oeodeB site =

f  Nominal and detailed planningvhich includes 3 5 3% 13.39 kriwhere, d= cell radius= 2.27km
selection and use of radio planning tool. This step
involves propagation model ning, defining So, numberof eNodeBs for coverage= 603.4/13.39

thresholds from ihk budget, creating detailed & 45 which exceeds the numbequired for capacity

radio plan based on the thresholds, checking tpg capacity requirement shouldbe effectively
network capacity against more detailed traffic\angleq by taking that many eNodeBsThe target
estimates, Configuration planning, Site surveys

X L S 'capacity and coverage values are here attempted in the
Site prevalidation and validation, eNodeB ,,minal and detailed radio planning stagéh radio
parameter planning. planning toolAtoll.
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5. ATOLL SIMULATIONS tends to get lower i.e. from 1 to 7 and while getting closer

Digital map of Mumbai (shown in Fig.1) has been [0 centre, it approaches towards bigger values closer to 15.

used for radio planning in this stage. Theswmps
consisted of Mumbai airport, main road, secondary road,
street, railway and water. At first to cover the whole city
eNodeBs were placed (shown in Fig 2). After placing the
eNodeBs coverage prediction was done that helped to
justify the placement of theNodeBs. Traffic simulations
were run for each of the Mumbai map subsections.
Automatic frequency planning and automatic cell
planning were performed before running each of these
simulations. In detail simulation results were obtained
which also containstraffic state: connected UL+DL,
connected DL, connected UL, no service, scheduler
saturation, resource saturation scenario. Legends show
each of them with different color. A separate table shows
the simulation properties for each of the simulated traffic
maps.

Figure 1. Mumbai Digital Map

A. Coverage Prediction

Coverage predictions have been performed by:
transmitter, signal level, downlink throughput and
Channel to Interference plus Noise Ratio (CINR)Fig. Figure 3. Coverage prediction by Transmitter
2 transmitters are shown on Mumbai map. Corresponding
coverage prediction resultewe been shown in Fig.48  B. Traffic Simulation

with respective coverage prediction properties: How far LTE traffic simulation properties have been shown in

the placed transmitters have covered is shown in coverag_qg 7. Fig 8 to Fig 10 show Mumbai main road, street and
by transmitter map in Fig 3. Fig 4 shows coverage by ay traffic maps after simulation along with their

signal level where signal strgth of the covered regions ¢ ; ; ; ;
g pectiveproperties.The detailed charts for properties
mostly range from90 t0-105 dBm. Coverage prediction g, service, reference cell, total path loss, transmission

by downlink throughput in Fig 5 depicts that throughput ;
mostly stays between 1000 to 10000 Mbps, while for ne é);/;/)(;rcti\';grgggprl#apa;d reference  signal  CINR for
e

to cellcentre cases, it can go up to 18000 Mbps. In cas
of coverage prediction by downlink CINR from Fig 6, it is
clear that as users go farther from the centre; CINR level
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Coverage by Sigaal Level O properties

Duplay Type Fold
v | [Best Sonsl Level (38} ]
| min | owax | Legend |
1 -T0 Best Signal Level (0Bm) »=-70
2 - .7 Best Signal Level (dBm) >e.75
3 £ Best Signal Level (dBm) »=-30
O - s Best Sipnal Level (0Bm) »=-85
B -] Best Signal Level (dBm) >».50
€ LB ) Beost Signal Level (0Bm) »=-55
7 - 00 Best Signal Level (d8m) »+-100
8 e Best Signal Leve! (Bm) »e.10%

Coverage by Throughput (DL) O properties. T2 s |

General | Condtion Display |

Display Type: Field

~] [Peak RLC Channel Throughput (DL) (bps) |
Min Max Legend

1 W 20,001 Peak RLC Channel Throughput (DL) (kbps) >=20,000 |
2 | Peak RLC Channel Throughput (DL) (kbps)
(3| - Peak annei Throughput (BL)
[a |- Pea annel Throughput (OL)
5| Peal annel Throughput (DL)

X Peal annel Throughput (BL)

2, Peal annel Throughput (BL)

13,00 Peal hannel Throughput (OL)

E 12,000 Peak RLC Channel Throughput (DL)
[0 | W 11,000 Peak RLC Channel Throughput (DL)
[ W 10,000 Peak RLC Channel Throughput (DL)
12| 9,00 Peak RLC Channel Throughput (DL)
13| Peak RLC Channel Throughput (L)
14| .7 Peak RLC Channel Throughput (OL)
15 | Peal hannel Throughput (OL)
16 | Peal hannel Throughput (OL)
7 Peal hannel Throughput (DL)
18 Peal hannel Throughput (BL)
15 Peal hannel Throughput (L) (kbps)
20 Peak RLC Channel Throughput (DL) (kbps) >=1,000

Figure 5. Coverage predtion by downlink throughput
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Coversge by C/l+N) Level (DL 0 properties ke
Diaplay Type: Frold
«| [POSCH 8 PDCCH C/0+N) Lavel (0L) 148)
[ mtn | e | Legend
9 22 POSCH & PDCCH CIieN) Level (DL) (08) »=22
10 B POSCH & POCCH CleN) Level (OL) (98) »=21
" 1 (20 POSCH 8 PDCCH CfleN) Level (DL) (a8) »+20
12 1% POSCH & POCCH CHIeN) Level (L) (48) »=19
13 13 POSCM & POCCH CIIN) Level (L) (08) =18
14 17 POSCH & POCCH CIeN) Level (D) (88) »=17
15 1% POSCH 8 POCCH CleN) Level (DL) (08) »=16
16 15 POSCH & PDCCH CAeN) Level (D) (98) »=15
7 1 POSCH & POCCH Cl=N) Level (DL) (00) >»14
18 13 POSCH & PDCCH CAJeN) Level (DL) (a8) »=13
19 12 POSCN & POCCH CTleN) Level (OL) (o) >w12
20 " POSCH & POCCH CH=N) Level (DL) (08) »=11
21 - 10 POSCH 8 POCCH CleN) Level (DL) (08) »=10
2 - s POSCH 8 PDCCH CHleN) Level (DL) (88) »+8
23 LY ] POSCH & POCCN CIeN) Level (OL) (a8) »»8
24 - 7 POSCM & PDCCH C=N) Level (DL) (@8) »o7
25 LB POSCH 8 POCCH COeN) Level (L) (68) »»8
2% - s POSCH 8 POCCH C/IeN) Level (DL) (98) »=5
k1 LR POSCH & POCCH CileN) Lewvel (DL) (98) »eé
[ Value l Legend ]
1 © | Connected DLsUL Coanected DL-UL
2 @  Coanectes DL Coanected DL
3 @  Connected UL Coanected UL
4 ®  NoService No Service
s @  Scheduer Saturaton Scheduer Saturaten
§ ©  Rescurce Saturation Resource Sauraten
Figure 7. LTE simulation properties
2 i { 4 Total | A = A
& 4 5 i Path Channel User Signal
4 Ty e Keterence Loss | Throughput 5 ("U'L' ’) L Throughput | C/(I+N)
(DL) (DL) (dBm) (DL) (DL)
(dB) (kbps) (kbps) (dB)
[ [ 0
Site49_3 (0) 162.37 764571 2238 950 412
o o 0
- Xh 1 Site29_1 (0) 174.69 o 23 o -31.68
% L Site30_1 (0) 174.26 o 23 o -8.42
: X [ [ [
3 S Site29_3 (0) 175.28 o 23 o -31.12
4 - Site25_2 (0) 172.44 o 23 o -9.17
o o o
Site18_2 (0) 171.6 o 23 o -26.86
e S £ o o o
’: =3 Site44_2 (0) 174.35 o 23 0 -10.49
SiteSS_2 (0) 163.89 615.97 23 590.88 -5.82
22 o o 0
o o 0
-~ i i Site14_3 (0) 153.33 9,601.68 222 950 8.36
o NG Site14_3 (0) 17462 3,451.47 23 [ 473
Sl [ [ [}
Site14_3 (0) 159.51 3,911.94 229 950 0.15
Site29_1 (0) 171.1 [ 23 o -23.95
Site13_2 (0) 147.32 764571 21.7 121.6 463
Site29_1 (0) 163.17 o 23 o -12.69
Site17_3 (0) 172.05 5,702.75 23 121.6 2.01
o o o
o o o
[~ A Site21_3 (0) 175.86 o 23 o -14.44
Site13_2 (0) 153.87 658.52 23 566.23 -5.77
Site13_2 (0) 150.45 764571 213 950 5.51
o o o
o o 0
Sasaa ieaae SaEi 5 i5ia iEs

Figure 8. Simulated Mumbai Minroad traffic mapandsimulationproperties
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Figure 9. Mumbai Streetgraffic mapafter simulatiorand smulation properties

Figure 10.SimulatedMumbaiRailwaytraffic mapand $mulation properties




