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Usage Models

Consumers are increasingly Mobile and Nomadic

Mobile and Nomadic

Enabled by longer life Mobile PCs and
Great displays

Cellular




Ecosystem Changes

Mobile Spending: SUS B
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Communications Model

For OFDM, Power Amps are just ~
20% efficiente.g., 1 W generates
just +23 dBm
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ATX Power Amplifiers (PA) are burdened by high peak to average ratios of OFDM signals i limited
by power dissipation

ARX filters and cable insertion losses limit the noise figure of the system i not much improvement
can be obtainedi LNAs are close to ideal (w/ o Acool in

A That leaves only the antennas & signal processing and their configuration and the channel to
exploit




Apple iPhone - back

Antenna Backgrounder

n a iPhon
GSM 850 - DCS 1800 - PCS 1900
AT&T Cingular typically sends PCS 1900
so place the Un sal ight ab that
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ACapacitor Model, Dipole, Monopole, Inverted F, Broadband PiFA

ANear field (spherical waves) i Far Field (Plane Waves)

Apower in, cable & matching losses, efficiency (ohmic losses), and pattern
Gain (over isotropic) gives the power out in a given direc _: “
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Real World Transmission Paths for Macro-cells

ASignals come to the mobile station
primarily from two mechanisms:
| from street canyons and,

| over the tops of buildings via

diffraction (weaker) and reflection Diffracted over
buildings

(stronger) s
ADiffraction around corners and EF%

rooftops can result in key-hole effects
| Produce more severe fading (double

) Raylelgh) . From Street
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Channel Model Backgrounder

AClassic: Impulse response model
But where do the signals actually come from???

AMeasurement Data for Azimuth and Elevation

3GPP (LTE) and 802.16m use WINNER I directional
channel models

Based on extensive measurement campaign (indoor,
rural, suburban, urban, and relay)

Generally AZ used only but EL should also be
incorporated in modeling

ADouble Directional Channel Model
T Clusters represent groups of similar delays and
T Angles of Departure and Angles of Arrival can differ
due to Base-station (high above bldgs) vs. Mobile

Station surrounding environments (reflectors farther
and closer, respectively)

Clusters AOA

Rays

Fig.23. Averaged ADPS, A-(o. 7). of the incoming waves. We averaged over
all scenarios in the environment class Steat_ Corner.

A AZ delay
power
SpeCtrum Fig. 24, Awveraged EDPS £ (v.7) of the mcommg waves. We averaged
A over all scenarios in street environments, including the environment classes
ELEV Smreet_Classic, Streer_Far Echoes and Street_Corner.
delay power .
spectrum T,
AELEV w0
power 3
spectrum a §\ 3
E@)
Fig. 25. Averaged EPS, £(v), of the incoming waves (solid line). We
averaged over all scenarios mn street environments, including the environment
classes Smeet_Classic, Street Far Echoes, and Streer Comer. The dashed
line reprasents the vertical antenna pattern of a A/ 4 monopole mounted on a
infinite conducting plane.
A. Kuchar et . al . -CdaliChaaneltChamctaitatioMa c r c
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Typical Urban Macro-cell Example Channel Model

Table 6-12 Scenario C2: NLOS Clustered delay line model.

Chaster # Delay [ns] Power [dB] AcD 7| AcA "] |Fay power [dB]
1 0 54 11 51 185
2 50 34 ) 44 _16.4
3 75 20 5 34 _15.0
4 145 [0 [15s [ 30 ] sal g0 o 0 _13.0
5 150 1.9 6 33 _14.9
g 190 34 B a4 _16.4
7 om0 3a]se] 4] a2 67 _13.4
g 333 46 9 52 177
g 370 18 12 67 0B
10 430 78 12 67 I0.E
11 510 93 13 73 213
12 £83 120 15 83 250
13 725 53 12 70 213
14 733 132 15 87 262
13 800 112 14 80 242
16 050 308 19 100 338
17 1020 145 16 91 275
18 1100 117 15 82 4.7
19 1210 172 18 59 ETE:
0 1843 167 17 98 28,7
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Figure 6-11: PDP and frequency correlation (FCF) of CDL model.

IST-4-027756 WINNER 11 D1.1.2 V.2

A Urban Macro-cell Channel
Environment (3GPP and IEEE
802 16m)

20 NClusterso of
AoA and AoD associated
with each Acl ust

Each Cluster contains 20
plane waves of random
phase but identical
amplitude for Rayleigh
fading

AoD mean and spread

(small at 2 deqg.)

characterizes BS

AO0A mean and spread

(large at 15 deq.)
characterizes MS




Channel Simulation Procedure (Winner Il)

AAllows for full network simulation to assess true network capacity

AHighly accurate modeling factors in such key elements as antenna patterns

General paramelers:

Set scenano, natwork Assign propagation Generate comelated
lavout and arenna ——  condition (NLOES Calculate path loss H large scale pararmbers

paramebars LK) (D5, A5, 5F, K}

Small scale parameter
Perfarm random Generate amival & Generate cluser
Generate XFRs cougling of rays depariure angles [ D Ganerate delays
Coefficient generalion,
Dirarw randam initial Generate channal Apply path lass &
phasas I eoafficient shasdowing
IST-4-027756 WINNER 1l D1.1.2 V.2
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Figure 6: Spatial correlation between two antennas for mean AOA 90° (broadside) against
spatial separation for Uniform, Gaussian, von-Mises, and Laplacian scattering distributions
and angular spreads o = {1°,5° 20°}.

T. Pollock et. al., Alntroducing Space
Australian National University, tony.pollock@anu.edu.au




Directional Chann =-—_ e
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impact on MIMO Capacity i v

Aldeal independently Rayleigh fading (from
antenna to antenna) yields the best
capacity
i but 1 tdés rare that si
strength from nall o di
I If they do, then capacity increases with the
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Fig. 1. Ergodic capacity of iid. Rayleigh-fading MIMO chamnnels with
transmt and - receive anfennas.

number of TX = RX antennas » i

b t=l0r= SNR T = 2008

AReal world channels are directional e T U Ry

I The directionality comes from different

clusters with associated cluster spreads of
signals

i Increasing mean angle of arrival can
reduce effective aperture and resolvability
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How close to Theory are Real-world channels?

ABroadside Linear Array
with aperture of 4a

A20 deg. spread gives close to
theory for up to 4 or so
antennas

Al deg. spread gives diversity
only performance

T. Pollock et. al., Alntroducing Space int
Australian National University, tony.pollock@anu.edu.au




