collection of relevant information

!

determination of coverage and required capacity

!

design of the radio part of the network

!

BTS location selection and terrain survey

!

network planning and simulation

!

no

the requirements are met?

1 yes

design of the radio part of
the network

the radio part design procedure

ABS S12
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calibration of the model used
to determine transmission
losses

—



1)
1
[
L]
]
L)

{Of inpui‘.‘

irequirements. / Coverage

1 are not met

Done

- MIMO

- Tx diversity

- RBS power

- UE power

- UE Rx diversi

- Path loss
- Cell range
- Site-to-site
distanc

- Cell
capacity

radio dimensioning methodology in LTE

Source: R. Ekstrand: LTE Radio dimensioning
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UL throughput requirements at the cell edge

MIMO configuration

= finding required SINR

interference
margin

!

determination of the number of RB

!

determination of TBS and MCS

!

!

finding RX sensitivity

!

=) finding MAPL &=

!

cell size (diameter)

LTE FDD UL LB design process

ABS S12
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evaluation of
parameters at
the link level

determining interference
margin based on the
used scenrio [ |

evaluation of
parameters at =)

the system level

determining required

bandwidth based on
required throughput

max UE
transmit
power

MAPL

!
required level of the received signal

@,

' cell radius
system bandwidth

UE bandwidth

LTE FDD UL LB methodology
ABS S12



inputs to determine coverage :
* the size of the area to be covered
* selected cell edge service types

* signal penetration inside (buildings, cars, ...

necessary network information:
* network specific information

* LTE frequency used

* maximum available bandwidth

) link budget
RF planning

UL throughput requirements at the
cell edge

cell size in the UL direction
DL throughput at the cell edge

N

DL throughput requirements at the cell

edge

cell size in the DL direction
UL throughput at the cell edge

DL and UL throughput requirements at
the cell edge

cell size in the UL direction
cell size in the DL direction
reducing link span and cell size

NN\

outputs of the coverage
analysis :

* cell size

* possibility of use existing BTS
* required number of BTS

LB requirements

C =W log, (1+%j [b/s]

fixed cell radius requirements

N

UL throughput at the cell edge
DL throughput at the cell edge

ABS S12



Af = 15 kHz 180kHz (12 x 15) over 0.5ms = Resource block
I 5

B User A >
¥y
B UserB //?7\@‘
B UserC
frequency

basic source units in LTE

Source: R. Ekstrand: LTE Radio dimensioning
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12 sub-carriers Af=15kHz

L One Resource Block
12 x 7 = 84 resource elements

U R T Ty P R PN RS SSSSDA
‘\l\ \I \I \I\I\I \I \\\ \I\\‘I ‘\I \I \I \I \I\\\‘\\\\I\I\I\I

——

frequency One Scheduling Block
180 kHz, 2 RB and 1 ms

basic source units in LTE

Source: R. Ekstrand: LTE Radio dimensioning
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User 1 scheduled

User 2 scheduled

180 kHz

Frequency . .
Zie In the UL direction, the RBs must follow each other
Channel Bandwidth BWcnannes [MHz] | 1.4 | 3 5 |10 1151 20
Number of Resource Blocks (ngrg) 6 | 15| 25 | 50 | 75 | 100 possible channel bandwidths

P Channel Bandwidth [MHz] o

i - Transmission Bandwidth Configuration [RB] X i
o i E , . Bandwidth [RB] . i EO
SRR L : i3
g i D 18
g | g i3

: 8 i

: = i

| b i

| 2 i

- - y 2

o
-
a®

.
----------------

channel bandwidth definition

i
L
u,
YT ey,
--------------

Active Resource Blocks

Source: R. Ekstrand: LTE Radio dimensioning
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Received Average attenuation in -10axlog(d)
signal

(dBm)

Shadowing
Fast fading
. | L
* _ Distance (logarithmic scale)
Transmitter Receiver —

propagation model

Source: M. Coupechoux: Institut Mines-Télécom
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Main characteristics of antennas:

frequency band

horizontal width of the radiated beam [°] (typically for -3dB 65°)

vertical width of the radiated beam [°] (typically for -3dB 7°)

gain [dBi]

polarization (V: suburban, rural areas, cross: dense urban, urban, suburban areas)

physical dimensions (usually <2m)
electrical or mechanical tilt of the

radiation beam|[°]

Antenna pattern
Horizontal Pattern Vertical Pattern

azimuth |

P _

T ,
j /~ elevation
e

| r AN

Back to frontratio  Secondary nul
HBW: Horizontal beamwidth beam

V-HPBW: Vertical half power beamwidth
characteristics of antennas

Source: M. Coupechoux: Institut Mines-Télécom
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Low bands 12 dBi 16 dBi
(700 — 900 MHz)

Intermediate 13 dBi 18 dBi
bands
(1.3-2.3 GHz)

Higher bands 14 dBi 19 dBi
(2.5-2.6 GHz)

typical antenna gains

special case of road
coverage, or
railways

G =21dBi

beam width 33°

800 10314
800 10618
65° Panel Antenna

Kattvoin's X-p acustatio Gowntit with Integrated Remote Downtilt

Jeneral specifications: ;

Froquency mnge 17102200 Wz

moedance 50 ches

W <151

Irtaemoddation (20w) IV <150 dic

45" an 48"
Frort1o-beck o mg
25 powen)

Manmum nput powes 120 wats per gt (st 50°C)

Ecinca cowntit 0-10 Gegroes

CortrOunly adustatie

Conneckonr 2% 7 16 DIN lemnale

Inciaton >3

T . ae

Sector a0 »10

Wegrt 1650 (75 hg)

Omermom ST 6.1 £ 2.7 ches (1302 % 155 % 00 )
Equvaient fial piste aea 2.0 I (0277 V)

W survval g’ 120 mgh (200 kgh)
Sheong
Mowrang
S00 verse R onder

553 x 6.8 x 26 ches (1404 x 172 x 92 )
M-wt'rumu*hubu
NCh (34 1 340 mem) OO masts.

ipecifications 1710-1880 Mz 1850-1990 Mz 1920-2200 MMz
Jan 17.7 o8 17.9 0B 1008
457 and 45" polarzation 67 rat gowen 6" (hat-power) ©5" (hail-powen)
45" a0 45" polarzation 7.1° (halt powen) 68" (hatpower) .07 (ha power)
vorical toarmaan

SiIebe Spmason S o & rw o & 8w & W
Tt sidelcte above mainbeam 16 16 16 1B 17 17 W7 17aB 17 17 17 1768
RT specifications:
Power supoly 10-30V
Power Corsumgtion < 1W (Mandby « .5 W imolor activated)
Marcmwe rierace :mmnwm e
Logeal rmerace’ AISG 1.1 800 10314

o tactory IGPP/NISG20 800 10618

Protocots AISG 1,1 and 3GPP / ASG 2.0 comp

- tme (WA ranQe) 40 mconds
o — 1Y

15,107 Caass 8 Computing Devices

Source: M. Coupechoux: Institut Mines-Télécom
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antenna 1 antenna 2 antennas 1 and 2 A"
with vertical with vertical X-pol X
polarisation polarisation Different polarisation

| | planes

spatial diversity

polarization diversity sectorisation
Casel
2m 2m 2m

3
v

— —— —

et
.

ey

Space
diversity
Case2 Case3
300 mm

X

2m o]
x

x

x

e

Two x-polarised antennas Single radome solution

examples of spatial and polarization diversity

ABS S12 12



12in_| 7/8in | 1-58in
5533 | 2846 | 1.689 antenna antenna
6,009 |3.093 | 1.840
6.456 | 3325 | 1.982
656 |3379] 2016
6855 | 3533|2110 AN AN AN AN
7124 |3673 ] 2197 N

7.284 | 3756 | 2.249
8.226 | 4247 | 2554 duplexer == RX | duplexer I—b RX

9093 | 47 | 2838
9744 | 504 | 3053

10.058 | 5.205 | 3.157 . .
T e combiner combiner 1 combiner 2

10,961 | 5678 | 3.457 N/ \
11.251 | 583 | 3.554 T T T T
11.535 | 5979 | 3.649

1209 | 6.27 | 3836 4 x TX 4 xTX 4 xTX
12627 | 6553 | 4.017

using of duplexers and combiners

feeder loss

Source: R. Ekstrand: LTE Radio dimensioning
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antenna

connectors feeder

jumper
N
BTS

antenna and BTS connection using TMA

Component Noise factor
TX/RX TMA
PA Feeder
| Connectors
Duplexers Bs
Controlers
BBU (Base Band Units) typical values

classic antenna and BTS connection

ABS S12 14



antenna

jumper
| |
TX/RX
< PA
RRU =)
Duplexers
=" Controlers
1
@ optical
fibre
BTS ==) BBU (Base Band Units)

interconnection of BTS and antennas using RRU

ABS S12
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eModeB

5

eNockB ({ })

MAPL

o
maximum cell size

UL LB maximum cell size

. Example of max UE power per RB

23 dBm

17 dBm

- AN J
~y N

4 RB with 177dBm  One RB with 23 dBm

each

required SINRqp \

level of the -
received signal . A

£ own cell signal

m

=

— NF

_% S eNoden [dBm]

- noise power

g Y

2

iy

Y

required sensitivity of eNodeB

Source: R. Ekstrand: LTE Radio dimensioning

ABS S12
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typical eNodeB sensitivity values

SCME, ULIT&R SRS —b—MCS=0
10° o MCS*1
= — i MCS=2
S S X; —b—MCS=3
D\" % N\ i MCSe5
BN\ e\;i\ W —p—MCS=7
e \ \ ] MCS:9
10" ™ \3! \L b t..‘}.i; ....”\ ‘L\-‘ \-L —g—MCS=11
R N RN e
o :::Iw .X"’T"‘ SR 5 U e B —O—MCS=15
& X XN AR —6—MCS=17
\\ @ LR EREAY LA AR N — 5 MCSe20
H & X ——MCS=21
}’L stk : 10° \‘\\ \ \:-% \ \ —4—MCS*23
T S R 5 RLLETIERINE RN NEIE L Mese
o e T \eebesee i —4— WCS=28 PO yIhe L ——MCse28
\L\b s ‘\ 0 YOt
Yea :
10’ - o° i
0 & 0 5 0 15 2 2 B b o s R .
SNR(dB)

determination of the required SINR value

ABS S12 17



| required level required SINRgs

n_f the received -
signal own cell signal

E interference level

~ | interference from

— M, [dB

% the other cells 1, [4B]

B[ |

Is) noise power

n

. —=-> Signal
v I ----------- » Interference

interference margin

ICI

. ‘_
Margin (5.4dB)

shadowing margin

typical values for M nr [dB]

ABS S12 18



data traffic Ly, =3[dB]

voice traffic

Environment Pengtration

Margin (dB)
Dense Urban — Deep Indoor 20
Urban - Indoor 1174
Suburban - Indoor 14
Rural — In car 8

Lepe @ Lgp [dB]

handoff

ABS S12



eMNodeB

e ((9)

MAPL

——
maximum cell size

DL LB maximum cell size

Power per RB 20 W total power
a available

v\

e \

29 dBm mr-——""""" T

(S -

1.4 MHz — 6 RB 5 MHz - 25 RB

Source: R. Ekstrand: LTE Radio dimensioning

ABS S12
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cell size

!

other parameters

= calculating MAPL

!

MIMO configuration

=> calculating necessary SINR

!

G factor

determination of the
number of RBs

determination of TBS and

I\‘CS

throughput requirements in the DL direction at the cell

edge

LTE FDD DL LB design process

ABS S12




A
v

ISD

40
“A
- 30
18
= S 2
s =
'2010
z%

o

0.06 0.11 0.18 0.30 0.50 08 1.41 2.36 3.95

Dense urban cell range (km)

LTE FDD DL LB

ABS S12
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Assume:
Cellrange : 500m
Geometry factor at cell edge :3dB

8.00
=~
A 4.00
ig
]
E‘ 0.00
L]
)
466 e P | Ve R
0 108 208 30% 40% 508 60K 70X 80K 90% 100%
Adjacent cell Rx Power load(%)
Adjacent cellRxPowerload(%) | 0 | 10% | 20% | 30% | 40% | So% | e0% | 70% | 80% | 90% | 100%
SINR @cell edge (dB) 724 [ 411 | 231 | 104 [ 006 | 074 | 142 | 200 | 252 | 298 | 339

SINRcg_ [dB]

ABS S12
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MCS18

—S— MCS20
MCS22
MCS25

—&— MCS27
—&— MCS28

MCS9

—4— MCS12

MCS7

—&— MCS14
—&— MCS16

- - kel
e L)

eeeemesbccccccdacccccdaccaaaad

BLER >

Interference

B <
ICl on the cell edge

Gp I

25

NR(dB)

SINR >=-0.22dB

BLER depending on SINR

Source: R. Ekstrand: LTE Radio dimensioning
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