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YODXVVO )WY TON OV NPNT

PL =20 log (4nRo/ ) + 10 n log (R/Ro) + Xo

A =0.086 m (w 3.5 GHz)

Ro=100 m

n = 4 (specific data)

Xo = standard deviation = 10 dB (specific data)
@ R =8 km

PL (average) = 158 dB

PL (deviation) =10 dB
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NIV DI OV NINYT
Path Loss availability yearly down-time
2.326 c =181 dB 0.99 3.6 days
2.576 =183 dB 0.995 1.8 days
2.750 c =185 dB 0.997 24 hours
3.090 =189 dB 0.999 8 hours
3.291 =191 dB 0.9995 4 hours

3.719 6 =195 dB 0.9999 0.8 hours
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Environment n
Free space 2
Clear Urban 3-4

Shadowed Urban 5-6
Indoor line-of-sight 1.5-2
Indoor blocked 4-7
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2N OOV T

: (03772 NYIWY) NONT
PL =20 log (4nRo/ ) + 10 n log (R/Ro) + Xo

A=0.058 m (@ 5.2 GHz)

Ro =100 m (near field without fading)

n = 4 (specific data for urban fading outdoor)
Xo = standard deviation = 10 dB (specific data)

@ R =4 Kkm
PL (average) =151 dB
PL (deviation) =10 dB
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22N) NIVT

: (03772 NYIY) NPT
Pt=10 W =40 dBm
Pr =-105 dBm
Gt =12 dBi (sector)
Gr = 3 dBi (mobile)
PL =151 dB

Link Margin =19 dB (2 standard deviations)
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: (2P NNVL) NNT

PL =20 log (4ntRo/ ) + 10 n log (R/Ro) + Xo

A=0.12 m (w 2.4 GHz)

Ro=2m

n = 6 (specific data for deep fading indoor)
Xo = standard deviation = 8 dB (specific data)

@R =30m
PL (average) =117 dB
PL (deviation) =9 dB
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2N OOV T

: (2P NMNYV) NPT
Pt=1W=30dBm
Pr =-105 dBm
Gt = 0 dBi (mobile)
Gr = 0 dBi (mobile)
PL=117 dB

Link Margin = 18 dB (2 standard deviations)
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Figure 1. An illustration of a typical power-delay profile and
the definition of the delay parameters,
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Table 5. Measarements and RMS delay spreads.

TaMs Frequency
Technigue Location ? (ns) (MHz) | Ref,
B Office building 30-100 B0, 1700 | [106]
15-29 {Area A} 10
. 31-62 (Area B)
A M“”Ef;rf"“g 48-90 { Arca C) [109]
52-57 (Area D)
19.37 { Area E) _
Indoor sports 7-120 1304}
arena 40-1340 G000
A Open-plan factory 15-125 [114]
Textile plant 5-41()
| Office building
A Within a room T=16 37200 [
(4 rooms) 10 ns {(Med.)
Urban area I 98-1270 910
540 (Ave.)
B Utban area II 61-2940 [112]
480 [Ave.)
c Building 1 About 12-72 40000 [113]
Building 2 About 4-25
I Sidewalk of LOS 0.5 + 40 264K} [114]
strcet (d is T-R)
A Engineering bldg. 12,85-84.60 2400 [115]
Retail store 20.74-102.44
o 8.3 LOS (Med.) Q10
Laboratories at
- b e 4.1 OLOS1 Med, [117]

223 OLOS52 Med.

)AL

NYNYN
DOV
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Outdoor Site | | 60-250, 130 ~
Site 2 | (Med)
Site 3 40-130, 70 (Med) [118]
G0-250, 120 ?
(hed)
A 10-50 with Q00-1300
In two buildings mean 20-30 [119]
1020 (Med ) 2400
.m];';'f___“r ‘lﬁ:igis 10-20 (Med) 4750 [108]
5-15 (Med) 1150
Hamburg 1300 (typical) 942,225
Dusseldort 3100 (typical)
Frankfurt(bank) | 8100 (largest) t120]
Frankfurt{apart.) 19600 (largest)
Washington 2500-7500 892
Greenbelt 2000-7000 (121)
Oakland 2500-13500
San Franeisco 1000-25500
LOS (100-400m) |  140.6-325.4 2197.5 [122]

)AL

NYNYN
DYDYV
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Table 6. The RMS delay spread as a function of the height of
an antenna.

T'I-“Itnﬂ Standard -
Antenna | RMS | Deviation of :
Height | Delay | RMSDelay | ocation i f
e A (ns} | (ns) R
317m | 1368 138.0
§5m | 176.8 147.1 | San Francisco |  [26]
13.3m_| 2759 3520 |
3i7m | 1346 | 1274 = | g
§5m | 1731 | 1568 il g




4.1.1.2 Hata Model

The Hata medel s an empirvical formmalation [E5] of the
graphical path-foss data provided by Okumura’s model. The for-
mula for the median path loss in wrban areas is given by

Lsp{urban }(dB) = 69.55 + 26.16log 7. —13.82log iy,
—a (4, )+ (449 —6.55log k. Jlogd ,
(133

where . is the frequency (in MH=}, which varies from 150 ME=
to 1500 MH=., A and & _are the effective heights of the base-

station and (ke mobile antemnas {in meeters), respectively. J is the
distance from the base station to the mobile antenna, @ f,..) is the

correction factior for the effective antenna height of the mobile
wriit, which is a fimction of the size of the area of coverage. For
small- to medivm-sized cities, the mobile-antenna correction factor

iz given by
alf)=(1.1log 5. —0.7 )k, = (1.56lcg . —0.8)dB . (14)
For s large city, it is given by

alfe ) =829{logl.544,.)° —1.1dB for y. =300 MHz (15.a)

@i, )=3.2(logl1.754,,. )" —4.97dB For . =300 MHz (15.b)

To obiain the path loss in a suburban area, the standard Hata for-
rnula is modified as Ffoliows:

Lsg (AB] = Leg (urban)}— 2[ log{ s /28) ] —5.4. (15)
Fhe path loss in apen rural areas is expressed through
Fog(dB) = Leg (urban) —4.78(log /2 )° —18.33log 7. —40.98. (17)
This model 15 guite suitable for large-cel]l mobile systems, but Dot

for personal communications systems that cover a circular arca of
appraoximmately 1 kim in cadius,

57
HATA

outdoor
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6.2.4 SIRCIM Model

Based on measurcments at 1300 MHz in five factory and
ather types of buildings, the piecewise functions of excess delay
for the probabilities of multipath arrivals were derived as [3]

Pp(Ty.5:)=

ke Te <110 ns

Te =110
ﬂ_ﬁs.--“-'j—m} 1O ns= Ty < 20005, (41)

g =200
n_zzhif—_ﬂ]' 200 ns < Ty < 500 ns

55+

136

Ty .
ﬁ Tﬁ: < [0 ns

Azt e

D0B+D.62¢ 72 100 ns = T < 500 ns

where §) and 8, correspond to LOS and cbstructed LOS envicon-
ments, respectively. Ty . in units of ns, is the excess delay at which

a multipath component will amive at the receiver, and takes on val-
ues that are integer multiples of 7.8 ns,

paR)A
SIRCIM
indoor
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Table 4. A comparison of various models for path loss.

Model Suitable Experimental Details of
Name Environment Complexity X Data Environment Accuracy | Time Other
Olumura Macrocell Simple Based on Mo Good Little Graphical
Model experimeants . path-loss data
Hata Model Macrocell Simple Mo Mo Good Little
{early cellular) |
COST-231 Microcell Simple Mo | No Good Little
{outdoor)
Dual-Slope | Microcell and Simple Mo Mo Good Little
picocell
{LOS region)
Ray- Outdoor and Complex Mo Yes Very Very
Tracing indoor Good Much
FDTD Indoor (small) Complex Ma Every detail Best Very Often
' Much | combined with
ray tracing
MoM Indoor (small) Complex Mo Every detail Best Very
| Much
ANN Outdoor and Complex Yes | Detail Very Little | Takes time fo
irecloor Good learn from
cxperimental
data

IEEE Antennas and Propagalion Magazine, Vol 45, No. 3, Juna 2003
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: TDOYTN PNIW 290 K TTHN NN PTHND N3
K = power to LOS / power to NLOS

K = oo (Line of Sight)
K =0 (Non Line of Sight) Rayleigh distribution
K = 2-10 (Partial Line of Sight) Rice distribution

JYN NNVIND NN ,NP0ON VPPN 7931 10N K
MONY YDA .PNINN DY YITN DY MNVN ,YPIPN
DNVPN NMNYI
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K-factor Measurements
power in fixed (mean) component

power in varying (scattered) component

K =

Typical Signal Envelope:
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FIGURE 12.1 Example of diversity combining two independently
fading signals 1 and 2; the signal 3 is the result of selecting the strongest
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,OXVOPN N ,DMTYN M : INHNT
C = min(N,M) B log: (SNR)
SNR=10 dB WyI2 NMIX ON> N

R/B = 1log2(10) = 3.36 JapP) (M,N)=(1,1) )2y
R/B = 2log:(10) = 6.72 0aP) (M\N)=(2,2) 912y
R/B = 1log2(10) = 3.36 DAP) (M\N)=(1,4) 912y
R/B = 1log2(10) = 3.36 DaP) (M,N)=(4,1) 912y
R/B = 4log:(10) = 13.44 0apP) (M,N)=(4,4) N2y

SNR=20 dB Wy12 NIN ON> NN)
R/B = 5log2(100) = 33 JaP) (M\N)=(5,5) My
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TARLE [

CATEGORIES OF MEASUREMENT SETS WiTH STATISTICS OF THE MEASUREMENT SET }r{.F..’.:l‘-i VALUES. Gaie [S THE DIVERSITY GAIN AT THE 99% RELIABILITY
LEVEL WITH MaxXIMaL BT COMBINING

| K | Py l Gyl
i L g } H gl u! {a
Line-otsight ([0S | 186] 032| 042[004[6.4d] 013
Non line-0l-sight (NLOS) T 116[ 058 0.36 0.09] 8.81] 0.75
Trban Canyor, non ne-ot-sight (UCN) | L.29 016] 0.6 0.03]743] 04
Tadoor and Outdoor-to-mdoor (L 00 | 0.63] 0.08| 0.27] 0.22] 837 041

-
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TABLE 0

SranisTics FoR EacH MeasuremenT LocaTion

Antenna Channel | Ricean Envelope Power Div, gainin dB | Div. gain in dB
Configuration Parameter | correlation | imbalance, | with max, ratis, | with selection,
K dB | 899 reliability | 99%: reliability

Spatial NLOST 100 0,12 =105 (.9 =251 B9 0.3 13 -89

MLOSIA* | 070 0,12 -0.4% 0.7-4.4 T4 - 104 au-%10

MNLOS2 = 241 027T=0:372] ' De=248 B4-94 4T=84

UCN1* LI 0.50=0.74 0.4 =4.5 5E-08 4.1 - 8.2

UCNz* .47 D45-10.74 2a=-314% d=8.3 13740

NLOS3 T | 042 0I5-060 | 12-348 §2- 1046 46-00

LOS1 ** .95 038-056 1 1.1-37 45-77 29-6.10

LOSI .03 023-048 | 0.3-6.1 4982 31535

[LO53** | L6l 0.30-069| 14-39 AT-77 T 6]

o1 0.68 | 036-052| 12-59 6.1-113 4E-100

IF 0.57 067 —0.42 1.6 -6.2 6.7 =93 55T g

Polarization | NLOSIA* [0.79 1013 3.1 ) 5.2 7.8
NLOS3 1.13 -0.052 32 1.6 6.8

UCN1* LG 0.26 6.7 6.3 33

UCNI~ 1.32 0.1z 130 3.3 1.9

LOS1*** | 143 0.05-039 4.3-4.4 5.5-8.7 41=T0

LOs2* 2.08 0.2 313 6.3 4.5

(Lo [ 143 0.17 5.4 19 21

ol 060 0.34 i 75 30

" ¥ 044 |, .07 15 05 | 9.3
Pattern NLOSIA® | 1.20 0,13 - 008 56-02 82-112 T0-.487
NLOSY | 0.9 0.12 6.7 6.5 i

| UCNI* 15] 031 T3 8.7 L)

UCNI* 1.3 Baz | - fa T8 g1

LO&2* 240 Q.22 a. 38 [:7

LOS3*™ | 1.40 0.19 I 4.8 37

o (.58 Q.17 5.1 8.9 732

IF a3 002 23 7% 6.0

* Urban, ** Suburban, ' Rural, "Outdoor-to-Indoor, * Indoor, * Crossed dipoles

NNV
12 NNOON
111 N0
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Example Benefits

Scheme M; M,
| 5150 1 1
|
- SIMO 1 = 1
i
i
MISO 1 1
pAlAAD =1 = 1

—————————————————————————————————— e — T ———————————

MNo transmit or receive diversity Mo diversity

Receive diversity, beamforming,  Diversity proportional to A,

beam steering Array gain interference reduction

with beamforming.

Transmit diversity, beamforming,  Diversity proportional to M,

beam steering Array gain interference reduction

with beamforming.

lUse of multiple antennas at both  Diversity proportional to the
the transmitter and receiver product of My and My

Array gain {coherent combining
assuming priar channel estimation).
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D1’V

MIMO Performance Comparison

Low SINR region Some diversity ordzr. |
! ﬂ Reduced outage probability — lower link margin reguired |
| | —shetter caverage. ':
Mo significant increase in average data rate. |
' Moderate to high SINR region | Sionificant increase in average data rates over SIMO (by |
exploiting parallel channels to increase link throughput),

| High SNR — throughput increases with link
| igh SNR — through
t | dimensionality {see Figure 10.3).

Large diversity reduces variability of link data rate,
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Increasing peak data rates
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