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SYSTEM PARAMETERS Pr: raceived power -hlf I

Pt: Transmitted power;
Gr; Gi: Antenna Gains

2D

Received signal power: Pr = (Pr, Gr, G, Lp)

Received Sensivity: St = (E&'NO, KT0; Rs, F, Lr) i i T
Signal to Noise: SNR = (Pt, Gr, Gt, kT0, BW, F, Lp.Lr) Rs: Symbol rate T _ﬂ% G

Energy per bit to noise: ES/NO = (SNR, BW, NO, Rs) swm;:,:g,::f,,

Lr: Implementation loss (2-3 dB) F"" /2£ ;

Q)Q‘Hw Lo&\(

® Ratio of signal energy to noise power spectral density:
Gt)/(kTO .-Rs .-F . Lp . Lr)

® Receiver Sensitivitj}r. (Es/NO) -kTO.Rs . F . Lr a 0
t & e

® Radiation pattern. See “AntennaPattern.pdf”

-(BW/Rs) =(Pt.Gr.
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x sections, all the quantities in the link budget are described in more detail. =
) For more info ' mpstance to [1].
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Table 1. Example of uplink link budget for 1
ha:g( _
UE TX power_ ~ 21dBm | Class4
Noise density -174 dBm/Hz
Chip rate S, 8y Mtz 3840 keps= k(]2
BS Noise figure : e el Assumption
BS Noise power ) -104 dBm -174+10log(3840000)
lﬂ/l A)( M :lmd( + 4
Noise Rise ~ ., 00 3dB Load dependent
Bitrate A A2 bps
Eb/lo —>5dB Assumption N
SIR \ -20dB / 3 —10log (3840/12.2) )
BSsens jts i ew-in L0 =20
UE antenna gain 0 dBi
Body loss 3dB
In-car loss 8 dB
In-building loss -
BS antenna gain 18 dBi
= D B = - .




L=

a )| | hﬂpcffcwi.unik.lﬁ R http://ewiunik.nofima... * MG

€« 2> D o= | & Web |cwi.unik.no_a'images_a'Widermind—UMTS-capacit}r.pdf

* l [-:_' ~ Search with Google

sections, all the quantities in the link budget are described in more detail.
For more information please refer for instance to [1].
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Table 1. Example of uplink link budget for -peech.
UE TX power_ ~ 21dBm | Class4
Noise density -174 dBm/Hz
Chip rate 3840 kcps
BS Noise figure v 4dB Assumption
BS Noise power ) -104 dBm -174+10log(3840000)

14/1 A)( m Ilf\t +4
Noise Rise ~ ., 00 3dB Load dependent
Bitrate S&@l 7 A2 kbps
Eb/lo —>5dB Assumption N
SIR \_-20dB / N\3 —10log (3840/12.2) )
BSsens e R e T e A U B | ik
UE antenna gain 0 dBi
Body loss 3dB
In-car loss 8 dB
In-building loss -
BS antenna gain 18 dBi
= - S B = :
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FADING
Slow fadng efects: Lo = L9, o . 1) e A
Fast fading effectis: Lb (d) = (L(d). @ (x.y). Rix.y))

A(x.y): Rayleigh random variable

L@)= L0+ 10n log @ = SP@QO{ @ )50, 120 k1h> i

P (s
o \?obub;\ik‘a o531

of el Conoge

® See: http://www.mathworks.se/help/comm/ug/fading-channels.html i
OL{ Vlt : m (‘!B
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TEAM3: PATHLOSS & CELLSIZE (7 1000 s : A
AL 2 vEJe 1/2128 BASAIND O L LA JIELN ‘ [P Y H - r
f) Joachim Tingvold q _}_ = J“‘i {ﬁaf_}, D POKC
~ Thomas Aasebeo O\A phtT - Fq‘i L] [ 055S O kM MUY A
ot Dag Ove Eggum :
SE Aleichz HP{”\ \)r\oﬂ"\
E".' L(&S d: distance S“\Olﬂrbdh
PATH LOSS & CELL SIZE R B — O on
3 Path loss (Free s): Lp = (4L d, A) =(4r 4, fc, ¢ ﬁ;l}gﬂ;ﬂ::g' channelf per cell P
- Okumura-hata model: Lp = (f, hm, hb, d) E\é\ff{::%f.;m J
- (Cell) Efficiency = (Nc, BW, Ac) e Height of base statidn Antenna ..-,..._'e@
] hm: Height of mobile stajon Antenna 1. '
q /h) j'kh-:\ - Frequency of Transmisdjon ?h ll ,delph-.«

e, New ARk
” Tok

® Free Space: Lp = (4nd/L)"2 = (4ndf/c)"2

® Hata Model for Urban Areas: Lpu=69.55 +26.16 log f — 13.82 log hb — Ch + (44.9 KQQ hah
6.55log hb)log d
® Hata Model for Suburban Areas: Lpsu= Lpu -2 (log (£/28))"2-5.4 ),2 J .
® Hata Model for Open Areas: Lpo = Lpu—4.78(logf)"2 + 18.33 log £ — 40.94 @, .
@ See: http://www.mathworks.com/matlabcentral/fileexchange/2096-rf-wave- L Z
toolbox/content/RFWave/hata.m G’U

@ Cell range versus cell edge throughput, See: cells.pdf

TEAM 4: PATH CHANGES & MOBILITY
Christine Askeland Thuen
Hege Flokketveit Kvalheim
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6.55log hb)log d
@ Hata Model for Suburban Areas: Lpsu=Lpu -2 (log (f/28))"2 - 5.4
Hata Model for Open Areas: Lpo =Lpu—4.78(logf)"2 + 18.33 log f—40.94

[ ]
Q @ See: http://www.mathworks.com/matlabcentral/fileexchange/2096-rf-wave-
toolbox/content/RFWave/hata.m (_'7
(e l (

@ Cell range versus cell edge throughput, See: cells.pdf

TEAM 4: PATH CHANGES & MOBILITY
Christine Askeland Thuen
Hege Flokketveit Kvalheim

I&dl: distance between old
and new position
v:velocity of the mobile

If a mobile constant velocity: gk (): phase

|4l = vt

Ak (t) = -2nv/Ac.cos(Pk Jt = -2nv/c.fe.cos(gk )t

PATH CHANGES & MOBILITY

Ad| sin(pe]

Old Position New Position

@ Path-Changes Induced by Mobility, See: Mobility.pdf (page 41-47)
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Reflection at a perfectly plane gives a reflection coefficient r=-1. When the surface gets rougher, reflection is still in the main
direction, but the reflected power is spread around the main reflection angle. Assuming that no absorption takes place, then the
total reflected power is constant.

When the surface becomes extremely rough, and with roughness > lambda, then the reflected wave will be scattered into any

direction. <
. =) e ~ w -(e it]
Measurements in rural farmland V < DS=v 'E

/-'_‘-h\
@ Typical IR from Farm_l,@ik{MHz. Total received power W(—84 dBm, PO dB above GSM sensitivity level
VL
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[Source:R R=kken, G, Levnes, Telektronikk]

These questions are wvalid for all of the following impulse responses
@ from delay, calculate reflection factor and free space attenuation
@ describe characteristics of reflection
(edit)
Measurements in rural farmland

@ Typical IR from Farm_2, 953MHz. Total received power was -93dBm

dB
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@ Typical IR from Farm_2, 953MHz. Total received power w.{s -93dBm
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At= 2 ps

AS = SEQ - 284 iy

- 409\4.)

—_
e 5

<SS:““/"S\OO,,9

60

22 us
[Source:R R=kken, G, Levnes, Telektronikk]

(edit)

Measurements in cities

@ Typical IR from City street measurements, 1950 Unik/MHz, Oslo. Qutput power 25 dBm ( in mW?). Omnidirectional )\/4 -
Dipoles used as transmit and receive antennas.

12
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éz Measurements in cities
i @ Typical IR from City street measurements, 1950 Unik/MHz, Oslo. Output power 25 dBm ( in mW?). Omnidirectional )‘/4 -
ﬁ Dipoles used as traﬁmit and receive antennas.
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[Source:R R=kken, G, Levnes, Telektronikk]
why almost equal distribution? What effect?
(edit)
Relation between parameters in mobile communications
‘oD e 9 _ 2 :
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