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Executive Summary

This deliverable presents WINNER Il interim channeddels for link level and system level simulations
of short range and wide area wireless communicati@tems. The models have been evolved from the
WINNER channel models described in WINNER | delakde D5.4. The covered propagation scenarios
are indoor small office, large indoor hall, inddoreutdoor, urban micro-cell, bad urban micro-cell,
outdoor-to-indoor, stationary feeder, suburban wmaedl, urban macro-cell, rural macro-cell, andafur
moving networks.

The generic WINNER I interim channel model followsyeometric-based stochastic channel modelling
approach, which allows creating of virtually unlted double directional radio channel model. The
channel models are antenna independent, i.e. reliffeantenna configurations and different element
patterns can be inserted. The channel parametersietermined stochastically, based on statistical
distributions extracted from channel measuremeheé distributions are defined for, e.g., delay sprea
delay values, angle spread, shadow fading, ands-puolarisation ratio. For each channel snapshot —
segment — the large scale and small scale paramnatercalculated from the distributions. Channel
realisations are generated with geometrical priedily summing contributions of rays with specifinad|
scale parameters like delay, power, angle-of-drravad angle-of-departure. Different scenarios are
modelled by using the same approach, but diffepanameters. The parameter tables for each scenario
are included in this deliverable.

Clustered delay line (CDL) models with fixed largeale and small-scale parameters have also been
created for calibration and comparison of differsimulations. The parameters of the CDL models are
based on expectation values of the generic models.

Several measurement campaigns provide the backgrfamthe parameterisation of the propagation
scenarios for both LOS and NLOS conditions. Thesasurements were conducted by five partners with
different devices. The developed models are basedath literature and extensive measurement
campaigns that have been carried out within the MER | and WINNER I projects.

The novel features of the WINNER models are itsapsaterization, the consideration of elevation in
indoor scenarios, auto-correlation modelling ofgéascale parameters (including cross-correlation),
smooth time evolution of channel parameters, arehato-dependent polarization modelling. The
models are scalable from a single SISO or MIMO lioka multi-link MIMO scenario including
polarization among other radio channel dimensions.

WINNER II interim channel models can be used itk lievel and system level performance evaluation of
wireless systems, as well as comparison of difteaggorithms, technologies and products. The models
can be applied not only to WINNER Il system, bugoaany other wireless system operating in 2 — 6 GHz
frequency range with maximum 100 MHz RF bandwidilhe model supports also multi-antenna

technologies, polarization, multi-user, multi-caelhd multi-hop networks.
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Part |

1. Introduction

The goal of WINNER is to develop a single ubiqugaadio access system adaptable to a comprehensive
range of mobile communication scenarios from shamge to wide area. This will be based on a single
radio access technology with enhanced capabilt@apared to existing systems or their evolutions.
WINNER Il is a continuation of the WINNER | projeawhich developed the overall system concept.
WINNER II will develop and optimise this conceptvards a detailed system definition. [WINNERII]

The radio interface will support the challenginguigements of systems beyond 3G. It will be scalabl
terms of carrier bandwidth and carrier frequenaygea The system will support a wide range of radio
environments providing a significant improvementperformance and Quality of Service. The radio
interface will optimise the use of spectral resesrce.g. through the exploitation of actual channel
conditions and multiple antenna technology. Newwoeking topologies (e.g. relaying) will support tos
effective deployments. Support of advanced resomm@eagement and handover will ease the deployment
of the WINNER system enabling seamless serviceigimvand global roaming. [WINNERII]

It has been widely understood that radio propagakias a significant impact on the performance of
wireless communication systems. The impact on éutoroadband systems is even more important.
Because of the major influence on the system pmdoce and complexity, radio channel models and
simulations have to be more versatile and acctinai®in earlier systems.

WINNER | work package 5 (WP5) focused on wideband/& channel modelling at 5 GHz frequency
range. Totally six partners were involved in WP5inly 2004 — 2005, namely Elektrobit, Helsinki
University of Technology, Nokia, Royal Institute @echnology (KTH) in Stockholm, Swiss Federal
Institute of Technology (ETH) in Zurich, and Tectali University of lImenau. In the beginning of Plas

I, existing channel models were explored to find channel models for the initial use in the WINNER
project. Based on the literature survey, two stesidad models were selected, namely 3GPP/3GPP2
Spatial Channel Model (SCM) and IEEE 802.11n. Tewenkr is used in outdoor simulations and the
latter in indoor simulations. Because the bandwaftthe SCM model is on 5 MHz, wideband extension
(100 MHz) for it was developed in WINNER |. Howeyar spite of the modification, the initial models
were not adequate for the advanced WINNER | sirarat Therefore, new measurement-based models
were developed in WINNER |. WINNER | generic modes created in Phase I. It allows creating of
virtually unlimited double directional radio chahmaodel. The generic model is ray-based multi-link
model that is antenna independent, scalable anabtapf modelling channels for MIMO connections.
Extracted statistical distributions and channelapsters from measurement data of new propagation
scenarios can be fitted to the generic model. WIRNEnterim channel models delivered during Phase |
are based on those channel measurements perfotf@ethd 5 GHz bands during the project.

The SCM, SCME, and WINNER | channel models werelémgnted in Matlab, and are available via
WINNER web site.

In the WINNER Il project, a set of multidimensiongtannel models are developed. They cover wide
scope of propagation scenarios and environmentydimg indoor-to-outdoor, outdoor-to-indoor, bad
urban micro-cell, bad urban macro-cell, feeder B-FRS, and moving networks BS-MRS, MRS-MS.
They are based on more generic channel modellipgoaph, which means the possibility to vary number
of antennas, the antenna configurations, geometdythe beam antenna pattern without changing the
basic propagation model. This method enables teetithe same channel data in different link leard
system level simulations and it is well suited fraluation of adaptive radio links, equalisation
techniques, coding, modulation, and other transecdechniques.

This deliverable describes the interim version dNWER Il channel models. The models are based on
WINNER | models (D5.4). New scenarios and new fesgutime evolution of large scale parameters,
intra cluster delay spread, and far cluster optan® included. CDL models are based on expectation
values of stochastic models large scale parameters.

This deliverable is divided into two major partshig first part (Sections 1 - 5) is the main partlan
defines the channel model structure and parametdis. second part (Sections 6 - 8) contains more
detailed information about channel measurementdysis, and the channel model implementation. The
Sections 1 - 8 cover the following topics. Sectibrntroduces this deliverable. Section 2 defines th
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terminology, symbols, propagation scenarios, aradl useasurement tools. Section 3 defines the channel
modelling approach. Section 4 explains the germratif channel coefficients and describes path loss
models as well as parameters for generic modelstioBe4 includes also comparison of Phase | and
Phase Il models. Section 5 discusses how the chanoéels are used in system level (multi-link)

simulations, sampling, transition scenarios, badtiwirequency dependence of the models. Section 6
reports the channel measurement and analysis sefdtameter tables for CDL models can be found

from Section 7. Reference implementation interfagess described in Section 8. Reference list is in
Section 9.
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2. Definitions

2.1 Terminology

3GPP
3GPP2
ACF
ADC
AN
AOoA
AoD
APP
APS
AS
ASA
ASD
AWGN
B3G
BER
BRAN
BS
BW

7]
CDF
CcDL
CG
CIR
CRC
Cw
D3SF
DoA
DoD
DS/DES
EBIT
EBITT
ECDF
ESA
ESD
ESPRIT
ETHZ

ETSI

FDD

FIR

FRS

FS

GPS
HIPERLAN
HUT

3rd Generation Partnership Project
3rd Generation Partnership Project 2
Auto-Correlation Function
Analog-to-Digital Converter
Antenna Array
Angle of Arrival
Angle of Departure

A Posteriori Probability

Angle Power Spectrum

Azimuth Spread
Azimuth Spread at Arrival

Azimuth Spread at Departure
Additive White Gaussian Noise
Beyond 3G

Bit Error Rate

Broadband Radio Access Networks
Base Station

Bandwidth
Carrier to Interference ratio
Cumulative Distribution Function
Clustered Delay Line

Concept Group

Channel Impulse Response
Canadian Research Center
Continuous Wave

Double-Directional Delay-Spread Function
Direction of Arrival

Direction of Departure

Delay Spread
Elektrobit Ltd
Elektrobit Testing Ltd

Experimentally determined cumulative prolgbdistribution function
Elevation Spread at Arrival

Elevation Spread at Departure
Estimation of Signal Parameters via Rotafitmvariance Techniques

Eidgendssische Technische Hochschule Ziriahis$S Federal Institute of Technology
Zurich)

European Telecommunications Standards Institut
Frequency Division Duplex

Finite Impulse Response

Fixed Relay Station

Fixed Station

Global Positioning System

High Performance Local Area Network

Helsinki University of Technology (TKK)
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IR Impulse Response

ISIS Initialization and Search Improved SAGE

KF K Factor

KTH Kungliga Tekniska Hogskolan (Royal InstituteTachnology in Stockholm)

LA Local Area

LNS Log-Normal Shadowing

LOS Line-of-Sight

LS Large Scale

MA Metropolitan Area

MCSSS Multi-Carrier Spread Spectrum Signal

METRA Multi-Element Transmit and Receive AntennBsiopean IST project)

MIMO Multiple-Input Multiple-Output

MPC Multi-Path Component

MRS Mobile Relay Station

MS Mobile Station

MUSIC Multiple Signal Classification

NACM No Auto-Correlation Mode

NL Network Layout

NLOS Non Line-of-Sight

NOK Nokia

OFDM Orthogonal Frequency-Division Multiplexing

OLOS Obstructed Line-of-Sight

PAS Power Azimuth Spectrum

PD3S Power Double-Directional Delay-Spectrum

PDF Probability Distribution Function

PDP Power-Delay Profile

PL Path Loss

PN Pseudo Noise

RIMAX Maximum likelihood parameter estimation framerk for joint superresolution estimation
of both specular and dense multipath components

RF Radio Frequency

RMS Root Mean Square

RT Roof-top

RX Receiver

SAGE Space-Alternating Generalized Expectation-mézdtion

SCM Spatial Channel Model

SCME Spatial Channel Model Extended

SF/SHF Shadow Fading

SIMO Single-Input Multiple-Output

SISO Single-Input Single-Output

SoS Sum of Sinusoids

STD Standard deviation

SW Software

TDD Time Division Duplex

TDL Tapped Delay-Line

TUI Technische Universitat limenau

TX Transmitter

uouLuU University of Oulu

WA Wide Area
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WINNER
WPXx
XPR
XPRH
XPRV

Wireless World Initiative New Radio
Work Package x of WINNER project
Cross-Polarisation power Ratio
Horizontal Polarisation XPR

Vertical Polarisation XPR
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2.2 List of Symbols

A(e) Change in parameter value
(o)" Transpose
(o) Hermitian transpose
(o)* Complex conjugate
log1o(*) base 10 logarithm
cose) Cosine of the argument
sin(e) Sine of the argument
A Pairing matrix
C Correlation matrix
Fix Tx antenna array response matrix
Fx Rx antenna array response matrix
H MIMO channel transfer matrix
N Normal distribution
U Uniform Distribution
@ AO0A
7 AoD
T Delay
G RMS delay spread
0 RMS angle spread of AcA
o RMS angle spread of AoD
CaoA cluster-wise RMS angle spread of AcA
CaoD cluster-wise RMS angle spread of AcA
Osk Shadow fading standard deviation
o’ Variance
7 Per cluster shadowing standard deviation
A Wavelength
Ao Wave number
s Vertical-to-horizontal XPR
KV Horizontal-to-vertical XPR
v Doppler frequency
Complex gain of a propagation path
c Speed of light
fe Central frequency
Nps BS antenna height
[ Effective BS antenna height
Nims MS antenna height
hime Effective MS antenna height
Kr Ricean K-factor
n Index to cluster
P Power
ry AoA distribution proportionality factor

AoD distribution proportionality factor
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WINNER I

Iy Break point distance

ry Delay distribution proportionality factor
S Index to Tx antenna element

t Time

u Index to Rx antenna element
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2.3 Propagation Scenarios

The propagation scenarios modelled in WINNER amwshin Table 2-1. The propagation scenarios are
explained in more detail in the following paragrapMapping of scenarios to Concept Groups is shown
in the table Table 2-1 in column CG.

Table 2-1. Propagation scenarios specified in WINNE. Scenarios modelled in Phase Il are
emphasized with bold font.

Scenario  [Definition os/ Mob. Frequ |CG |Note
NLOS |km/h ency
(GHz)
Al Indoor small office/ |LOS/ |0-5 2-6 LA
In building | residential NLOS
A2 Indoor to outdoor NLOS |0-5 2-6 LA |AP inside UT
outside. Outdoor
environment
urban
Bl Typical urban micro- |[LOS 0-70 |2-6 LA, | Typical distance
Hotspot cell MA |ranges. Actual
NLOS ranges depend on
frequency and
antenna heights
B2 Bad Urban LOS/ |0-70 |2-6 MA | Same as B1 +
micro-cell NLOS long delays
B3 Large indoor hall LOS 0-5 2-6 LA
Hotspot
B4 Outdoor to indoor. NLOS |[0-5 2-6 MA |B1 or C2 to the
-Outdoor typical wall/window.
urban.
-Indoor Al
B5a LOS stat. feeder, LOS 0 2-6 MA | Same channel
Hotspot rooftop to rooftop model for hot spot
Metropol and metropol.
B5b LOS stat. feeder, LOS 0 2-6 MA | Typical distance
Hotspot street-level to street- ranges. Actual
Metropol level ranges depend on
frequency and
antenna heights
B5c LOS stat. feeder, LOS 0 2-6 MA | Typical distance
Hotspot below- rooftop to range. Actual
Metropol street-level range depends on
frequency and
antenna heights
B5d NLOS stat. feeder, NLOS |0 2-6 |MA |Extended C2
Hotspot above rooftop to
Metropol street-level
B5f Feeder link BS -> LOS/ |0 2-6 WA | Desired link: LOS
FRS. Approximately |OLOS/ or OLOS,
RT to RT level. NLOS Interfering links:
LOS/(OLOS)
/INLOS
FRS -> MS = B1*
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Table 2-1 (continued).

Scenario  |Definition LOS/ Mob. Frequ |CG |Note
NLOS km/h ency
(GHz)
C1 Suburban LOS/ 0-120 |2-6 WA
Metropol NLOS
Cc2 Typical urban NLOS 0-120 |2-6 MA
Metropol macro-cell WA
C3 Bad Urban |LOS/ 0-70 |2-6 - |Same as C2 +
macro-cell NLOS long delays
D1 Rural macro-cell |LOS/ 0-200 |2-6 WA
Rural NLOS
D2 a) Moving | LOS 0-350 [2-6 WA | Very large
networks: Doppler
BS — MRS, rural variability.
b) Moving | LOS / 0-5 |2-6 LA | Not finished yet!
networks: oLoS/
MRS - MS, rural NLOS

2.3.1 Al — Indoor small office
The scenario Al, has been modelled in D5.4. Theuagf the scenario is shown in Figure 5-2.

/ 8-element antenna array

Rooms: 10x10x3m
Corridors: 5x100x3m

Figure 2-2. Layout of the Al indoor scenario.

2.3.2 A2 — Indoor to outdoor

In indoor-to-outdoor scenario (Figure 5-9) the M8eana height is assumed to be at 1 — 2 m, and BS
antenna height at 2 — 2.5 m + floor height. Theesponding outdoor and indoor environments arerB1 a
Al, respectively. It is assumed that the floor® Btare used in simulations, floor 1 meaning treugd
floor.
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o 0O o 0O g g
O O o ollgg
o 0O o 0O g g
o 0O o 0O
B gl
LOS/NLOS
N

Figure 2-9: Indoor to outdoor scenario.

2.3.3 B1 — Urban micro-cell

In urban micro-cell scenarios the height of both dimtenna at the BS and that at the MS is assuoreal t
well below the tops of surrounding buildings. Baiftennas are assumed to be outdoors in an area whe
streets are laid out in a Manhattan-like grid. Blveets in the coverage area are classified asnfitia
street”, where there is LOS from all locations lhe BS, with the possible exception of cases in lwhic
LOS is temporarily blocked by traffic (e.g. trucksd busses) on the street. Streets that intdiseahain
street are referred to as perpendicular streetstlase that run parallel to it are referred tgasallel
streets. This scenario is defined for both LOS &hdS cases. Cell shapes are defined by the
surrounding buildings, and energy reaches NLOSestras a result of propagation around corners,
through buildings, and between them.

2.3.4 B2 — Bad Urban micro-cell

Bad urban micro-cell scenarios are identical iroleiyto Urban Micro-cell scenarios, as describedvabo
However, propagation characteristics are suchrthatipath energy from distant objects can be resmbiv
at some locations. This energy can be clusteralistinct, has significant power (up to within avfeB
of the earliest received energy), and exhibits lergess delays. Such situations typically occuerwh
there are clear radio paths across open areasasuatge squares, parks or bodies of water.

2.3.5 B3 - Indoor hotspot

Scenario B3 represents the propagation conditiensngnt to operation in a typical indoor hotspeith

wide, but non-ubiquitous coverage and low mobili@5 km/h). Traffic of high density would be
expected in such scenarios, as for example, inecente halls, factories, train stations and aigort
where the indoor environment is characterised byelaopen spaces, where ranges between a BS and a
MS or between two MS can be significant. Typicahdnsions of such areas could range from 20 m x 20
m up to more than 100m in length and width andaup m in height. Both LOS and NLOS propagation
conditions could exist.

2.3.6 B4 — QOutdoor to indoor

Outdoor-to-indoor in urban macrocell (C4) is ideatiwith B4 because the antenna heights are imatev
as explained in Chapter 7.6. In outdoor-to-inda@ngrio the MS antenna height is assumed to be-at 1
2 m (plus the floor height), and the BS antennglitdbelow roof-top, at 5 - 15 m depending on thiglite

of surrounding buildings (typically over four flaohigh). Outdoor environment is metropolitan arda B
typical urban microcell where the user densityyisidally high, and thus the requirements for system
throughput and spectral efficiency are high. Theegponding indoor environment is Al, typical indoo
small office. It is assumed that the floors 1 tar8 used in simulations, floor 1 meaning the groflmat.

2.3.7 B5 — Stationary Feeder

Fixed feeder links scenario is described in [WIN2Pand defined as propagation scenario B5. This
scenario has also been partly modelled in [WIN1D34]B5, both terminals are fixed. Based on ttiis,
scenario was divided in four categories or sub-ages in [WIN1D54. These are B5a (LOS stationary
feeder: rooftop to rooftop), B5b (LOS stationargder: street level to street level), B5¢c (LOS etaiy
feeder: below rooftop to street level) and B5d (NB_§iationary feeder: rooftop to street level). Heiof
street level terminal antenna is assumed to barters. To cover the needs of CG WA one modified
sub-scenario is needed in phase 2, scenario BS8/NDOS stationary feeder: rooftop-to-below/above
rooftop. All the sub-scenarios will be describetblbe
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In stationary scenarios, the Doppler shifts of tags are not a function of the AoAs. Instead, they
obtained from the movement of the scatterers. InM@3et one scatterer per cluster be in motion evhil
the others are stationary. In [TPEO2] a theoretisatiel is built where the change of phase of seatte
waves between timeandt+4t is given by

477% At cos(yp )cos(ap) (2.1)

where a, is the angle between the direction of scatterevament andyp the direction orthogonal to

the reflecting surface and the reflection an@g.proper selection of these angles different Deppl
spectrums may be achieved. For B5d also an additterm in the path-loss model has to be included.

The feeder scenarios are specified here in commmect the micro-cellular environment. Actually the
feeders can be used also in the macro-cellulaiscis¢his document it is assumed that the useadrot
cellular feeder link, C5, is identical with the s model B5c.

2.3.7.1 B5a

The signal in B5a can be assumed to consist abagtLOS signal and single bounce reflection. Ao
away reflections can occur. The connection is atrfike in free space, so that the path-loss dods no
depend noticeably on the antenna heights. Forsttésario fixed angle spread, delay spread and XPR
values are applied. Directive antennas are vegct¥fe in reducing the delay spread and other rpaltin
impacts as explained in [PT00]. However, the masl@lpplicable for omni-directional antennas fortop
300 meters in distance. By using directive antertinasange can be extended approximately to 8 km.

A static (non-fading) channel component is addetthéoimpulse response. We select this parametae to
10 dB. The power-delay profile (of all paths exciyat direct) is set as exponential, based on thatsein
[OBL+02] and [SCKO05]. The shadow fading is Gaussidth mean zero and standard deviation3af
dB based on [PT00]. B5a sub-scenario was spec#ietl modelled in [WIN1D54]. The same channel
model is used also in Phase II.

2.3.7.2 B5b

In B5b it is assumed that both the transmitter eswkiver have many scatterers in their close Migini
similar as theorized in [Sva02]. In addition thean also be long echoes from the ends of the street
There is a LoS ray between the transmitter andivecand when this path is strong, the contribution
from all the scatters is small. However, beyond bineakpoint distance the scatterers start to pray a
important role.

In papers e.g. [Bal02], [SBA+02] the results foffetient carrier frequencies are very similar. T lere,

in B5b model the frequency is disregarded. Theqgle adopted for the WINNER phase 1 model allows
for various correlations between different paramet®ich as angle-spread, shadow-fading and delay-
spread. In this case, dependency between path dondsdelay-spread [MKAO02] is applied. This
dependence is handled by selecting one of thréereift CDL models given in [WIN1D54]. Based on the
delay-spread formula in [MAS02] we select the dedpsead to be 30 ns when the path loss is lesSBthan
dB, 110 ns when the path loss is between 85 dB14iddB, and finally 380 ns when the path loss is
greater than 110 dB. With these settings the dgpagad used here is a factor 40%-156% of the delay-
spread formula of [MAS02] for path losses up to &iB7 We call these path-loss intervals rangel,eang
and range3 and different clustered-delay line noddl be provided for the three cases.

In terms of path loss, the break point distanceutated as

- 4(hb _hO)(hb _ho)

A (2.2)
becomes important leading to so called two slopadeh The power delay profile (of all paths exceat
direct) is set as exponential, based on the resu[8MI+00]. A per-path shadow fading of 3 dBused
to obtain some variation in the impulse responéestatic (non-fading) channel component is added to
the impulse response. Based on [FDS+94] we sdiecparameter to be 10 in rangel, 2 in range2,1and

in range3. Also K-factor changes according to ranB&b sub-scenario was specified and modelled in
[WIN1D54]. The same channel model is used alschiase |II.
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2.3.7.3 B5c and B5d

B5c and B5d can be considered as LOS of B1 and Nofo& respectively. Only support for Doppler
spectrum of stationary cases has to be introduB&d. is probably the most important Feeder link
scenario, because it will be used in urban mictbfeday scenario. B5c is almost identical to th# B
micro-cellular LOS scenario. The only differenceeinvironment is the assumed antenna height of the
mobile/relay. Same channel model will cover bothhaf cases, except the difference in Doppler spectr
(mobility). Feeder link ends are stationary and iheppler frequency results from motion of the
environment. In B5¢c some clusters represent vehigith speed of ~50 km/h and the rest of the ciaste
represent stationary objects like walls and buddinrners.

Actually B5d seems less useful for a Feeder lirdnacio. Therefore it is not discussed here further.

2.3.7.4 B5f
The sub-scenario is shown in the figure below.

Interfering BS Desired
Master- Feeder-link eeder-link

perrerink  station oy T . Y
Relay 0 0 S S < oo D d? 2 g g D D
o o a0 o 50y 5a||2 Yrhp
0 0 O O [mlim o O o O oo 0O 0 oo 0 Relay []
Olloo 0o o Olloo O O P0lo9o O
o 0O
i ] o 0o |o (] O
g g D | | g g I:l D D Relay tc
Relay to MS: Y Relay to M ?é MS: B1
B1
L\ M M
a b c

Figure 2-1 B5f scenario for three cases: a) NLOS (@S) b) LOS c) Combined interference case.

B5f scenario consists of the cases with relay ar@#ersome meters over the roof-top or some meters
below the roof-top. Key point is, if the link is [SDor NLOS: It is possible to create LOS links wiitie
antennas below roof-tops. As well it is possibleifgplement NLOS links with antennas above the
average roof-top level. Our approach is that theirdd BS to FRS links can be planned to be LOS or
OLOS, or at least “good” links. It is assumed tthet interfering links from undesired BS to FRS ban
LOS or NLOS. (Although in practice this can be addfected by careful planning.) It should be paihte
out that the link FRS to MS is covered by the mdgtkl Interference to undesired feeder link may occu

In B5f it is assumed that the relay station is siveetl due to some obstacle. The proposed modesedba
on literature and formed from the B5a LOS fixedayelmodel by attenuating artificially its direct
component by 15 dB in average and summing to ibranally distributed random decibel number with
standard deviation 8 dB. The path loss formulaaseld on the references [ZEA99] and [GEA03]. The
other model parameters are the same as in B5amblel B5f can also be understood as NLOS part of
the model B5a.

2.3.8 C1 — Suburban macro-cell

In suburban macro-cells base stations are locatddalove the rooftops to allow wide area coverage,
and mobile stations are outdoors at street levelldBigs are typically low residential detached bes
with one or two floors, or blocks of flats with aw floors. Occasional open areas such as parks or
playgrounds between the houses make the environna#imér open. Streets do not form urban-like
regular strict grid structure. Vegetation is modest

2.3.9 C2 — Urban macro-cell

In typical urban macro-cell mobile station is laxdiutdoors at street level and fixed base stateearly
above surrounding building heights. As for propagatonditions, non- or obstructed line-of-sightais
common case, since street level is often reached single diffraction over the rooftop. The builgin
blocks can form either a regular Manhattan typegoél, or have more irregular locations. Typical
building heights in urban environments are over ftaors. Buildings height and density in typicaban
macro-cell are mostly homogenous.
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2.3.10 C3 — Bad urban macro-cell

Bad urban environment describes cities with bu@diwith distinctly inhomogeneous building heights o
densities, and results to a clearly dispersive ggafion environment in delay and angular domaire Th
inhomogeneties in city structure can be e.g. duarge water areas separating the built-up areatheo
high-rise skyscrapers in otherwise typical urbaviremment. Increased delay and angular dispersion c
also be caused by mountainous surrounding the @gse station is typically located above the ayera
rooftop level, but within its coverage range theam also be several high-rise buildings exceedieg t
base station height. From modelling point of vighvis differs from typical urban macro-cell by an
additional far scatterer cluster.

2.3.11 D1 — Rural macro-cell

Propagation scenario D1 represents radio propagatitarge areas (radii up to 10 km) with low biiigl
density. The height of the AP antenna is typicallyhe range from 20 to 70 m, which is much higher
than the average building height. Consequently$ ldonditions can be expected to exist in most ef th
coverage area. In case the UE is located insideilding or vehicle, an additional penetration lass
experienced which can possibly be modelled aseg(&ncy-dependent) constant value. The AP antenna
location is fixed in this propagation scenario, @&nel UE antenna velocity is in the range from @@0
km/h.

In WINNER Phase |, measurements were conductedflat aural environment near Oulu in Finland, at

both 2.45 and 5.25 GHz, and with an AP antennahb&ify18 - 25 m. A channel model derived from

these measurements is available and has beeneéporfWIND54]. The channel model from Phase |

for propagation scenario D1 is generalised forftequency range 2 — 6 GHz and different BS and MS
antenna heights.

2.3.12 D2 — Moving networks

Propagation scenario D2 (“Rural Moving Network”presents radio propagation in environments where
both the AP and the UE are moving, possibly at vegh speed, in a rural area. A typical exampléhaf
scenario occurs in carriages of high-speed tralmsrgvwireless coverage is provided by so-calledingpv
relay stations (MRSs) which can be mounted, fomgda, to the ceiling. Note that the link betweea th
fixed network and the moving network (train) is ibglly a LOS wireless link whose propagation
characteristics are represented by propagatiorasioe1.

2.4 Measurement Tools

Five different radio channel measurement systenve leeen used in the propagation measurements
during Phase | and Il. Main characteristics of thannel sounders used in Phase Il are summarised in
this section.

2.4.1 Propsound (EBITT, UOULU, Nokia)

Propsound™ multi-dimensional radio channel souridea product of Elektrobit, Finland [PSound].
Propsound has been designed so that it suits vellytavrealistic radio channel measurements both in
time- and spatial-domains. It is based on the shspactrum sounding method in the delay domain. The
other dimensions like polarizations, FDD frequesc@ spatial dimensions over antenna arrays are
covered using an advanced time-domain switchingelfeer with optional super-resolution techniques
(SAGE algorithm) this allows accurate measuremeftSISO, SIMO, MIMO, geolocation and multi-
user propagation channels. Some key features psBumd are presented in Table 2-2.

Table 2-2 Propsound" characteristics

Propsound Property Range of values

RF bands 1.7-21,20-2.7,32-4.0,51-59GHz
Sustained measurement rate Up to 30.000 CIR/s (eodgh: 255 chips)
Maximum cycle (snapshot) rate 1500 Hz

Chip frequency up to 100 Mchips/s

Useable code lengths 31 - 4095 chips (M-sequences)

Page 21 (153)



WINNER II

D1.1.1V1i1

Number of measurement channels

up to 8448

Measurement modes

SISO, SIMO, MIMO

Receiver noise figure

better than 3 dB

Baseband sampling rate

up to 2 GSamples/s

Spurious IR free dynamic range:

35dB

Transmitter output

up to 26 dBm (400 mW), adjustdbl? dB steps

Control

Windows notebook PC via Ethernet

Post processing

MATLAB package

Synchronisation

rubidium clock with stability of £911

Table 2-3 Propsound" terminals.

Trasmitter with a trolley.

Receiver with a trolley.

Table 2-4 Propsound™ antennas.

Name ODA _5G25 PLA 5G25 UCA_5G25
Array structure omnidirectional array rectancuenay uniform circular array
Polarization dual (+/- 45) dual (+/- 45) vertical
Center frequency 505 5 25 505
[GHZ]
Number of elements| 50 (25 dual) 32 (16 dual) 8
Element type patch patch monopole
1
25/26 | 18/17 | 9/10 | 2/1 %
2 o7
27/28 | 20/19 | 11/12 4/3
Schematic plot .
29/30 | 22/21 13/14 6/5 le "
31/32 | 24/23 | 29/30 8/7
A
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Name ODA _5G25 PLA 5G25 UCA_5G25
Picture

2.4.2 TUI sounder

The channel sounder RUSK TUI-FAU used in TU limehMO measurements is designed by Medav,
Germany [Medav]. The RUSK is a real-time radio e¢f&lnmpulse response measurement system that
supports multiple transmit and receive antenna eteroonfigurations.

The RUSK MIMO channel sounder measures the charesplonse matrix between all transmitting and
receiving antenna elements sequentially by switghiatween different (Tx,Rx) antenna element pairs.
This means that sounder uses only one physicabmitter and receiver channel, what reduces the
sensitivity to channel imbalance. A switched antgeapproach offers the simple way to change number
of antenna elements in array. Additionally, sinngeanas are not transmitting at the same time ikare
need for separation of transmitted signals at dweiver side. To accomplish synchronous switching,
rubidium reference oscillators are used both atstratter and receiver. Timing and switching frame
synchronization is established during an initiahayonization process prior to measurement data
recording and must be maintained over the comphetgsurement time.

For channel excitation RUSK uses multi-carrier agrepectrum signal (MCSSS) with almost rectangular
shape in frequency domain. That allows the precis®entration of the signal energy into the band of
interest. In this way multiple bands (e.g. separatp- and down-link bands in FDD) are supported by
setting some spectral magnitudes to zero.

Table 2-5 summarizes the key features of the RUBKHAU channel sounder.

Table 2-5 Key features of the Medav RUSK TUI-FAU chnnel sounder.

RUSK TUI-FAU Sounder Property Range of values

RF bands 5...6 GHz

Max. meas. data storage rate

(2x)*160 Mbyte/s

Test signal

Multi Carrier Spread Spectrum SighICESS)

Sequence length

(defines maximum excess delay)

256 — 8192 spectral lines, depending on IR length

Number of measurement channels

up to 6553%) (2

Measurement modes

SISO, SIMO, MIMO

Sampling frequency

640 MHz at Tx and Rx

Spurious free IR dynamic range:

48 dB

Transmitter output

up to 33 dBm (2 W),

Propagation delay resolution

4.17 ns (1/bandwidth)
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Impulse response length 0.8 us—25.6 us

RF sensitivity -88 dBm

Control Windows PC

Post processing MATLAB package
Synchronisation rubidium clock with stability of 10

* rate is doubled with additional disk storage. Selcstorage enables shorter time gap between Tx-Bxisannels.

Overview of measurement-relevant technical dataafdenna arrays used in TU-limenau campaigns is
given in Table 2-6.

Table 2-6 Overview of TU-limenau antenna arrays.

PULAS8
Name UCA16 PUCPA24 SPUCPA4x24
(PULAB@10W)
Vendor IRK Dresden TU limenau IRK Dresden IRK Dresden
. . 1. uniform circular uniform circular stacked uniform
Array structure uniform linear array .
array array circular array
- dual (vertical+ . dual (vertical+ dual (vertical+
Polarization A vertical \ )
horizontal) horizontal) horizontal)
fe”ter [GHZ] 5.2 5.2 5.2 5.2
requency
Bandwidth  [MHZz] 120 120 120 120
Max. Power [dBm] 27 (40) 27 25 24
Number of elementd| 8 16 24 96
Element type patch disk cone patch Patch
Dimensioning element spacing diameter diameter diameter 19.5 cm
0.4943\ 10.85 cm 19.5cm ring spacing 0.4943

Element orientation #####ﬁ## - 000080000 -

Picture

Monopol antenna that is mounted on ICE roof wasufatured by Huber+Suhner, type: SWA 0859 —
360/4/0/DFRX30. Disc-conical antenna used for IGEG measurements is designed by Kurt Blau (TU
IImenau) for 5.2 GHz range.

2.4.3 CRC sounder

The sounder used for the CRC measurements is thithfgeneration of a PN sounder design that was
first implemented with 20 MHz bandwidth at CRC i88L. Its construction is bread-board style, with
semi-rigid cables connecting various commerciallgible modules, such as phase-locked oscillators,
power splitters, mixers, filter modules, and amets. The bread-board style construction is maieth

so as to allow easy reconfiguration and recalibrafior different measurement tasks, with different
operating frequencies and different bandwidths,rexpuired. Its PN sequence generator is a CRC
implementation that can generate sequences ofHdratveen 127 and 1021 chips, and it can be clocked
at rates up to 65 mchps. Both CRC-Chanprobe’s mmétes and its receiver have two RF sections with

Page 24 (153)



WINNER II D1.1.1V1i1

operating bandwidths centred on 2.25 GHz and 5.8.GFhe transmitter transmits continuously in both
bands. Operation at other frequencies is made ldedsy substituting different up-converter PLOs and
bandpass filters.

The receiver front ends are connected sequentiadiyng an RF switch, to its IF section. Operation a
other centre frequencies is accomplished via araggkternal RF section, with frequency translation
either 2.25 or 5.8 GHz. Final downconversion igrfrt- to baseband via quadrature downconversion
circuitry. The in-phase (l) and quadra-phase (§9eband outputs can each be sampled at rateslOp to
MSamples/sec. CRC-Chanprobe’s operating charatitsresre summarized in Table 2-7.

Table 2-7 CRC-Chanprobe operating characteristics

CRC-Chanprobe Property

Range of values

RF bands

0.95, 2.25, (4.9), 5.8, 30, 40, 60 GHz

Sustained measurement rate

10,000 snapshbts /S

Maximum cycle (snapshot) rate

40,000 snhapshats /S

Chip rate

up to 50 Mchps

Useable code lengths

127 — 1021 chips (M-sequgnces

Number of measurement channels

32 Switched Rx aagerd Tx antenna

Measurement modes

SISO, SIMO (double direction@li®Ibeginning approx
Sept./07)

Receiver noise figure

better than 2 dB

Baseband sampling rate

100 MSamples/s

Spurious IR free dynamic range:

4068

Transmitter output

up to 42 dBm at 2.25 GHz, upQ@alBm at other
frequencies

Control

Windows PC

Post processing

MATLAB package

Synchronisation

rubidium clock with stability of #9811

Minimum Received Power level (20 d -89 dBm
MPSR)

Linear Dynamic Range without pre-
attenuation

-69 dBm to -89 dBm with 20 dB MPSR

Transmit Antenna Vertical Quarter-Wavelength Morepwith drooping

radials

32 Element UCA of Vertical Quaktéavelength
Monopoles with drooping radials

Receive Antenna

Note: Transfer rate specs are quoted assuminggiesRx channel, 50 Mchps m-sequence, sequencéhl@a®p
chips, 2 samples per chip, 1 sequence length pgshot.

1) 0.95, 4.9 & 5.8 GHz characteristics are SISO

2) Based on a verified average data acquisition rat@0fMbytes/S when logging data to hard disk irh rea
time (needed for long measurement runs).

3) Based on a verified average data acquisition rat80fMbytes/S when not logging data to hard disk in
real time (valid for short measurement runs).

4) Dynamic range is a misnomer for this. It shoulcthlled Multipath Power Sensitivity Ratio (MPSR).
“Dynamic Range” should be kept for the descriptibthe power fading range over which the receiver
operates linearly (ie Max RFinput Power-Min RF inpatver for linear operation: CRC-Chanprobe
operates over the range — 69 dBm to -89 dBm, with 2 MPSR). An attenuator after the Rx LNA can
be automatically switched, however, to allow maximeeceived powers up to -19 dBm.

At the time of writing, CRC-Chanprobe operates omlySISO mode. A 32-element switched uniform
circular array and a 32-element double-cross 3Ryahave been implemented for use at the receiver.
Both arrays employ quarter-wavelength monopole raree for the reception of vertically polarized
waves. Both are still being calibrated at the tiofewriting. Planning is also underway for the
implementation of a 19 element array at the trattemtio allow double directional measurements.
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3. Channel Modelling Approach

WINNER channel model is a geometric based stoahastidel. Geometric based modelling of the radio
channel enables separation of propagation parasneted antennas. The channel parameters for
individual snapshots are determined stochasticdlpsed on statistical distributions extracted from
channel measurement. Antenna geometries and fatdrps can be defined properly by the user of the
model. Channel realisations are generated with g&asal principle by summing contributions of rays
(plane waves) with specific small scale parameli&es delay, power, AoA and AoD. Superposition
results to correlation between antenna elementstemgoral fading with geometry dependent Doppler
spectrum.

A number of rays constitute a cluster. In the tawetogy of this document we equate the cluster with
propagation path diffused in space, either or bottelay and angle domains. Elements of the MIMO
channel, i.e. antenna arrays at both link endspaopagation paths, are illustrated in Figure 3-1.

Array 2

(U Rx elements)
Array 1

(STx elements)
V4

Figure 3-1 The MIMO channel

Transfer matrix of the MIMO channel is

H(t;r):Z’:‘Hn(t;r) (3.1)

It is composed of antenna array response matfgefor the transmitterf,, for the receiver and the
propagation channel response maljXor clustem as follows

H,(t:7)= [[F.(@)h. (7. 0.0)F; () dedg (3.2)

The channel from Tx antenna elemsid Rx element for clustem is

Hu,s,n(t;r)=§“ [Fv( n,m)}T[aH,m,w T }{ Fray (¢n’m)}

m=1 I:rx,u,H ( n,m) an,m,HV aTl,m,W th,s,H (¢n,m)

xex 28, (g, T Jexil 279, ;. ) @3)
X exp(j 2nunvmt)5(r - Tn,m)
whereF,,v andF, 4 are the antenna elemanfield patterns for vertical and horizontal polatisns
respectively,a, mvv and a, m vy are the complex gains of vertical-to-vertical areftical-to-horizontal
polarisations of ray,mrespectively. Furthed, is the wave length on carrier frequenq_g,m is AoD unit

vector, @, is AoA unit vector,T, ¢ andf, , are the location vectors of elemenandu respectively,

and v, is the Doppler frequency component of ragn If the radio channel is modelled as dynamic, all
the above mentioned small scale parameters arevenent, i.e. function of.
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For interested reader, the more detailed descniptib the modelling framework can be found in
WINNER Phase | deliverable [WIN1D54].

3.1 Stochastic models

WINNER generic model is a system level model, whigm describe infinite number of propagation
environment realisations for single or multiple icadinks for all the defined scenarios for arbifrar
antenna configurations, with one mathematical fnaor& by different parameter sets. Generic modal is
stochastic model with two (or three) levels of ramihess. At first, large scale (LS) parameters like
shadow fading, delay and angular spreads are dramtlomly from tabulated distribution functions.
Next, the small scale parameters like delays, psveerd directions arrival and departure are drawn
randomly according to tabulated distribution fuons and random LS parameters (second moments). At
this stage geometric setup is fixed and only freeables are the random initial phases of the eat.

By picking (randomly) different initial phases, arfinite number of different realisations of the ded

can be generated. When also the initial phasefixaics the model is fully deterministic.

3.2 Network layout

WINNER MIMO radio channel model should enable systevel simulations and testing. This means
that multiple links are to be simulated (evolveif)dtaneously.

In spatial channel model the performance of thglsitink is defined by low-level parameters of all
MPCs between two spatial positions of radio-statiofsccording to this, if only one station is mobile
(MS), its position in space-time is defining a $indink. The more complex network topology also
includes multihop links [Bap04] and cooperativeay@hg [Lan02], however more complex peer-to-peer
connections could be easily described as collestidrirect radio-links.

Control parameters for single link are called LaBpale Parameters (LSP). If we are analyzing maltip

positions of MS (more MSs or multiple positionstbé single MS) we have a multiple-link model for

system level simulations. It can be noted thated#iit MSs being at the same spatial position will
experience same LSP link control parameters.

This also means that some reference coordinateraybfis to be established in witch positions and
movement of radio-stations would be described. Amtenetwork layout is designating complete
description of system elements relative positiass,well as vectored description of their movements
(speeds). In general, positions (coordinates) afteers are unknown. Only exceptions are relaiddrt
cluster scatterers (FCS) that are actually postioim the same coordinate system as radio-statidres.
reason was to support per-cluster correlation bextwdSs that are exhibiting long excess delays fitoan
same FCS. In order to establish other correlatexisting between links at system level is it polesto
interact with LSPs, what is described in followsgbsection.

3.2.1 Correlations between large scale parameters

For single position of radio-stations (one link) wan describe inter-dependence of multiple control
parameters (LSP) with correlation coefficient matorrelations of LSPs that are observed in measur
data are not reflected in joint power or probapildistributions. Instead LSPs are estimated from
marginal power distributions (independently for l@sgand delays), and necessary dependence is re-
established through cross-correlation measure:

C
s (3.4)

pxy = /Cxxcyy !

where ny is the cross-covariance of LS parameteandy.

At system level two types of correlations coulddedined: a) between MSs being connected to the same
BS and b) correlations of links from the same MSmnualtiple BSs (Figure 3-2). These correlations are
mostly caused by some scatterers contributingfferdit links (similarity of the environment).
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Ms1
a) b)

Figure 3-2 Links toward common station will exibitinter-correlations: a) fixed common station, b)
mobile common station

In the first case WINNER models are using expomémrrelation functions to describe dependence of
LSP changes over distance. In other words LSPsvefMSs links toward same BS would experience
correlations that are proportional to their relatistancedys. As a consequence correlation coefficient
matrices for neighbouring links (for MSs at certdistance) are not independent and they also tave t
reflect observed correlations over the distancesdision:

(3.5)

From this reason elements of link cross-correlatiooefficient matrix should reflect exponential agc
with distance, as shown in Figure 3-3

Figure 3-3 Dependence of cross-correlation coeffait matrix over distance

Correlation properties of links from the same MSrtoltiple BSs (inter-site) are still being investigd.

In 3GPP SCM, shadowing fading for links from one K&Sdifferent BSs exhibits constant correlation
coefficient equal to 0.5. Introduced correlatioreslmot depend on distances between BSs or thativee|
angular positions as seen from MS and therefareribt layout dependent. Additionally, this proyes
estimated from few measurements and therefore ritotsconsidered as being fully representative for
different WINNER scenarios.
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The inter-site correlation of shadowing fading Isoainvestigated in the literature for the outdowacro-
cell scenarios: in [Gud91],[PCHO01] and [WLO02], thethors proposed that the inter-site correlatioa is

function of the angle between BSs directions beiagn from the MS #); while in [Sau99] author
studied the dependence of the inter-site correlatinthe distance between BSk,5. However, all these

investigations were conducted at lower carrier detgies and bandwidths then being targeted by
WINNER. Therefore their suitability for WINNER moldghould be checked and then further improved.
For future WINNER purposes dependence of the isitereorrelation between LSPs will be studied from

the measurement data as a function of three paeasngd(é, dyg,Ad). The impact of the distance
difference between two links MS-BS1 and MS-BEX(in Figure 3-3) on the correlation properties has
not been investigated up to now.

Inter-correlations between links of one MS to npl#isectors of the same BS could be analyzed in a
similar way, by treating different sectors of th& Bs independent one-sector BSs. Additionally, same
procedure can be used to determine correlationseleet consecutive hops of multi-hop links at all
common link nodes.

All analyzed correlations also would be dependemtte existence of the line-of-sight condition and
directivity of antenna radiation pattern.

Correlation of large-scale parameters (LSPs) idopmed by correlating realizations of independent
Gaussian random processes (IGRP). If i-th LSR,have distribution that differs from Normal (Gayss

required distribution is generated by applying magpfrom random variable§ having Gaussian
distribution. Random variablfq~ will be referred as transformed LSP (TLSP). Plcitbrmappingﬁto

S § is correlated with TLSP§j , belonging to other LSPs or different links (beatgcertain distance -

for system level correlations). Process appliethtiduce or to calculate correlations (from meadur
data) is illustrated in Figure 3-4.

g (Y g;(@
—  Ta A

LSP; TLSP; - TLSP; LSP;
N correlations g
§ S Si X
V\_/ \_/
o' 9;° ()

Figure 3-4 Correlations of LSP are introduced in tansformed domain.

In cases when mapping = gi_l(g) is unknown, necessary relations between LSP atsformed
domain can be established using knowledge aboutletive density distribution (cdf) of , FSi (). In

such cases can be generated froﬁ using expression:
— a1l =
s=g'(8)=F, (F§ (S))- (3.6)
where F§ (§) is cdf of Normally distributed process that carch&ulated using Q-function (or erf/erfc).
In simpler cases, e.g. when LSP is log-normalyrithigted it is possible to use known mappings:
s=g*(3)=10° (3.7)
5 =g,(s)=10g,(s) (38)

As a correlation measure cross-correlation coefficis used, expression (1 in 3.2.1). In secti@l3it is
explained that for one link (single position of M®)ter-dependence of multiple control parametens ¢
be described with correlation coefficient matrixdditionally if parameters of intra-site links are
correlated according to distance between MS pasitithen correlations matrix gets additional din@ms
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that describes changes in correlations over distafigure (2 in 3.2.1). This means that for eadh gfa
TLSP we can define cross-correlation coefficieqiatelence over distance, as in expression (2 ith)3.2.

o (d )= Cis(dy))
D VG Css

Cross—varianceQFk 5 (dk,l) are calculated from measurement data using kn@eledbout positions of

(3.9)

MS during measurement, and in general have expahelecay over distance.

If each link is controlled by M TLSPs, and we hd¢dinks corresponding to MS locations at positions
(Xk , yk), k =1.K, then it is necessary to correlate values for N& Mariables.

Generation of N Normally distributed and correlald&Ps can be based on scaling and summation of N

independent zero-mean and unit variance Gaussian ndona variables,
En(Xy)= [El(xl, yl),...,EN (XN N )]T . Using matrix notation that can be expressed:
S(X,Y) = Quan (X%, Y) (3.10)

This will ensure that final distribution is also @&sian. Scaling coefficients have to be determigesich

way that cross-varianceS; < (dy ), dy, = \/(Xk -%)*+ (Y, —V,)? are corresponding to measured

values. If eIementCi'j of matrix C,,, represents cross-variance between TLSEsand S, then

Qv =v/Crn (3.11)

This approach is not appropriate for correlationlaxfje number of parameters, since dimensions of
scaling matrix are increasing proportionally to tb&al number of TLSPs in all links (squared depsarod
in number of elements).

From that reason it would be more convenient tassply calculate influence of each link (at dise@n
d):

scaling matrix can be calculated as:

S(X Vi) = Z_‘,\/CWM (dy )Em (X, Y1) = ZQWM (d)ew (%, %) (3.12)

where §&,,(X,Y,)is vector of M Gaussian random variables correspmgndo M TLSP for link
(position)!l, and
Cglgl(d) C‘s‘l‘s‘M (d)

Cun (d) = : : (3.13)
Cos(d) - Cyg (d)

However, it may not be simple to analytically defindependence of scaling matrix
Qv (d) =/C,m (d) over distance. In [D5.4] dependence of cross-variance matrixr alistance
is approximated in order to get suitable factororat

Cuor (@) =1/Cros O (D) Croan O ] (3.14)

The square root of cross-ariance matrix for siigle, C,,.,, (0) = EAET, is calculated using eigen-

value decomposition:
JCoa (0) =EVA (3.15)

and D(d) is diagonal matrix whose elements are dependadtstance.

. d d
Dyuw (d) = dlag{exp(—/]—),...,exp(—/]—)} (3.16)
1

M
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Since D(d) is diagonal, proposed factorization enables easyytical description of scaling matrix
over distance:

Quuan (@) =y/Cpy (0)4/ Dy () (3.17)
S(% %) =/ Ciaa (0) 2 D (T )u (% ) (3.18)

In this case approximation of each of MxM exporardiependences ifC ., (d) is based upon scaling

and summation of M exponential functions. Approxima parameters/]m, m=1..M should provide
best fitting of measured distance dependence.

Above solution resolves problem originating fromtroanotation. If vector notation is used thensdt i
possible to avoid approximations related/lgl, m=1.M parameters. In this case we can define one
vector for each of each of M TLSPs belonging toghme link

Coun @) = [T (@ /Cor @), Co, (@) @19)

Then total influence of all links from differentatiances to single TLSP parameter in one link is

K
S (% Yi) = 24 Cran (A )am (%, Y1) (3.20)
I=1
This approach enables direct use of all MxM meabufmodelled) cross-covariance functions
(yCiam(dy,), i=1.M), and avoids their approximation that is based summation of M
exponentials.

3.3 Concept of channel segments and time evolution

Channel segment (drop) represents period of quasdsarity in witch probability distributions obv-
level parameters are not changed. During this gaaiblarge-scale control parameters, as well écity

and direction-of-travel for mobile station (MS),eaheld constant in WINNER | model [WIN1D54].
Motion within a segment is only virtual and caufest fading and the Doppler effect by superpositbn
rotating phasors, rays. To be physically feasibibe, channel segment must be relatively confined in
distance. The size depends on the environmenit bah be at maximum few meters. Although the large
scale parameters can be correlated between thaehsegments, the radio channel is discontinuams fr
segment to segment. Future WINNER models would kbepconcept of channel segments in order to
keep simulation complexity low. Often discusseduéssabout “time-evolution” in stochastic spatial
models (SCM/SCME/WIM) is related to the fact thamadl-scale parameters (delays and departure
angles) are generated independently between cansesegments. This type of time-behaviour (having
abrupt changes between segments) does not fullsesmond to reality, what may have impact to
performance evaluation of time-dependent algorithms

In the WINNER Il interim model the propagation paeters may vary over time between the channel
segments. In the multi segment modelling two ogtiare available, either stationary channel segments
like in WINNER | or continuous channel evolutiontivismooth transitions between segments. There are
proposed four different approaches for time evolutnodelling.

1. SCM extension (SCME) has allowed simultaneous idgfiof arriving angles and delays for
every MPC at each simulation step inside segmehRtS[Bb]. (Drifting of angles/delays was
based on randomly generated distance from Tx/Reraats to the closest scatters.) In respect to
this property SCME can be classified as model withtinuous evolution (in discrete steps,
being smaller than drop). Consequence was sulstamtrease of complexity and simulation
time length in comparison to SCM/WINNER.

2. In WINNER2 WP3 [Zet05] possibility of using 2D sgadtfiltering for pre-calculation of auto-
correlation coefficient values was analyzed. Addiglly, if more large scale parameter values
are generated inside segment (e.g. at spatialndestacorresponding to 1/10 of de-correlation
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distance) 2D filtering would result in smooth triios1 between drops. Additionally it is
necessary to provide smooth mapping of LSP intelise| parameters (delay, angles).

3. In this report the time evolution of propagatiorrgraeters is modelled like depicted in Figure
3-5. The route to be modelled is covered by adjackannel segments. The distance between
segments is equal to the stationarity intervaln$ition from segment to segment is carried out
by replacing clusters of the “old” segment by thesters of the “new” segment, one by one.
The route between adjacent channel segments idediio number of sub-intervals equal to
maximum number of clusters within the channel segmeDuring each sub-interval the power
of one old cluster ramps down and one new clusteps up. Power ramps are linear. Clusters
from the old and new segments are coupled basethein power. If number of clusters is
different in the channel segments the weakestasisire ramped up or down without a pair
from other cluster.

4. The new approach is based on controlled positioningusters in (delay, angular) domain. As
a control property existing LSP parameters (delay angular spreads) and power distribution
functions (marginal PDP, PAS or joint distributiooduld be used. The only change to the
existing situation would be that exact values of &%l AS would be enforced from delays,
angles and power distributions.

amplitude

time

delay

Figure 3-5 Smooth transition between channel segmenby power ramp-up and ramp-down of
clusters.

Out of these four approaches, the two latter onesble transitions between different propagation
conditions, LOS/NLOS, and different propagationreg@s, e.g. outdoor/indoor. The third approach is
chosen for WINNER2 interim model because of itaitieé simplicity. Anyhow the fourth approach will
be studied further for the final model. It is ondd in the following:

1. When change in LS parameters (DS, AS) is small, tisaally means that changes in cluster
delays and angles are not significant (they aresexdiby the same scatterers like in previous
drop). In this case quasi-deterministic approacetan distance from scatters could be applied
ONCE at the initiation of the new drop, or smalidam offset can be applied.

2. When significant change in LSP is present, in tgalie usually have different scatters (and
possibly different number). In this case we havéhesi to disposition existing clusters
significantly or change the total number of cluster

a. Number of scatters and changes in cluster delagsaagles are not independent from
LSP change! This will influence cluster life-timadhihas to be taken info account if
concepts of cluster birth and death are to be stppdy the WINNER. Necessity to
remove or add new clusters should be based on piepacquired from measurement
data, and it is highly probable that probabilitgtdbutions related to number of clusters
(as well as the other cluster properties) wouldcbeditioned on LSP. For the each
newly introduced cluster position (delay, angle)d apower should be adjusted
according to AS and DS values.

b. However changes in DS and AS could be describedl lafsrelocation of clusters. In
this case clusters would be relocated sequen{jafig-by-one) until exact values of DS
and ASs are not obtained.

i. Processing starts in delay-domain by generatingydel’, from appropriate
probability distribution parameterized by DS andpwrtionality factor.
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Vi.

Sk,
Cluster powers P, =PDP(r,)[10 ° are obtained from PDP (also
controlled by DS). Additionally, per-cluster shadow is included to describe
measured deviations from PDP model.

If calculated DS is different from required valuge are starting sequential
relocation of clusters in delay domain. When relimgpone cluster, its new

position in delay 7, and power P,(7,) have to be determined. Since

calculated measure of delay spread is non-lineanction of 7, :
ds(,,P,(r,)), we have to find solutions to non-linear equation

DS-ds(,,P,(7,)) =0. If solution exist than relocation is over and

required value of DS is enforced. If equation doeg have acceptable
solution, we can move chosen cluster in such a erattnreduce difference
between wanted and existing measures of DS, aadthfit proceed with next
cluster. After relocating few clusters this procexigives delays and powers
that fulfil exact DS measure.

Transition from delay domain to angular domainspédture and arrival) is

based on powers determined in delay domain. Theep@mgular spectrum

(PAS) is used to inversely map powers to anggs= PAS*(P,) . (Inverse

mapping is not unique — it can not distinguish hestw left and right angle
offsets in respect to LOS direction, but that i$ imaportant for this purpose).
Obtained angles are initial since AS value caleddtom these initial angles
and powers may not be desired one.

To fit desired value of AS we can not change poveatse they are related to
desired DS. Instead, we have to adjust angles. g&dsin angles are possible if
deviations from PAS due to per-cluster shadowirggadiowed. In our case we
would assume that given power already includes iy what allows
change of angle to certain extent (see the figetevi)

SF(#n")

P, max{l0 10 }-<

max{L0 10 }

A A
Procedure to fit required value of spread wouldsbrilar to that in delay
domain. Only difference is that during adjustmehtngular spread, powers

are fixed and fitting is based only on angle valuldS—as@, ) = 0.

3.4 Reduced complexity models

A need has been identified for reduced-complexitgrmel models that can be used in rapid simulations
having the objective of making comparisons betwéadalevel systems alternatives (e.g. modulatiod an
coding choices). In this report, such models aferred to as reduced-complexity models, and hiage t
character of the well-known tapped delay line claksfading channel models. However, to address the
needs of MIMO channel modelling, temporal variasicat the taps are determined by more detailed
information than that required for the specificatf relative powers, envelope fading distributioasd
fading rates, which are typical inputs to tradiibtapped delay line models.

Specifically, multipath AoD and AoA information igherent in the determination of tap fading

characteristics.

For these reasons, the reduceglewity models reported herein are referred to as
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Cluster Delay Line (CDL) models. A cluster is cewtrat each tap. In general, each cluster is coexbri

of the vector sum of equal-powered MPCs (sinuspispf which have the same delay. Each MPC has
a varying phase, but has fixed AoA and AoD offs&tse latter depend on the angular spreads at the MS
and the BS, respectively, as shown in Table 3.J0WRN1 D5.4]. The values in this table were chosen
realise a specified Laplacian PAS for each clustppropriate to the scenario being modelled. Ire€as
where there is a desire to simulate Ricean-likenfadan extra MPC is added, which is given a power
appropriate to the desired Rice factor, and zegulan offset. The powers and delays of the clustars

be non-uniform, and can be chosen to realise tegatkoverall channel rms delay spread. Parameters
all CDL models reflect the expected values of thesed in the more complex models described in other
sections of this report.

Doppler information is not specified explicitly f@DL models. This is because it is determine gy th
AoAs of the MPCs, and the specified antenna patatthe MS and BS, upon which there are no
restrictions, except in fixed feeder link scengressdiscussed in Section 3.4.2, below.

3.4.1 Cluster Delay Line models for mobile and portable senarios

The average power, mean AoA, mean AoD, and angkadp at the BS and MS associated with each
cluster within the cluster delay line models appiate to scenarios Al, C2, and D1 were estimatenh fr
100 Mchps channel sounding measurements at 5 GhizseTfor scenario B1 were estimated from 60
Mchps channel sounding measurements at 5 GHz. JaifleCDL parameters for the above-cited
scenarios can be found in Section 4.

3.4.2 Cluster Delay Line models fixed feeder links

Only CDL models have been created for fixed fedddss. Model parameters were derived from the
literature, and are given in the tables of SectionAs for the mobile and portable scenarios, desired
antenna patterns can be chosen. However, for BBasios, at distances greater than 300 metres3 the
dB beamwidth of the antenna at one end of thedhdwuld be less than 10 degrees, while that atttier o
end of the link should be less than 53 degreedfefent parameters are specified in the cited tabde
scenarios B5a, b, ¢, and d.

For fixed link scenarios, Doppler shifts are indegent of AOAs. Instead, they are derived from
considerations concerning the movement of intemgctibjects. One interacting object per cluster is
modelling as having motion, while the others aredi. Associated Doppler frequencies are specified
CDL tables.

3.4.3 Cluster delay line models for fixed multi-hop scenaos

In multi-hop (e.g. B5f) scenarios, the radio wawas take a route between successive MS. Relaying
networks, on the other hand, employ another lefzaktwork stations, the relays, which dependinghen
specific network, might offer more or less functiity to distribute traffic intelligently. This mea the
existence of scenarios where multiple relay nodeseceiving and transmitting the data towardsirits|
destination, as shown in Figure 3-6.

Y

-~

» X

Figure 3-6 Multihop and relaying scenarios.

Fixed propagation parameters like delay, power, Ao# AoD are tabulated in section 4. The clustered
structure of energy from scatterers is assumed.deldofor such scenarios are composed of e.g. 20
clusters, with a number of MPCs per cluster. OneCMgr cluster is virtually in motion and energy
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received from it has a predetermined Doppler fragye The remaining energy is from physically
stationary interacting objects.

The Power delay profile model is exponential. Delsgread values are determined by channel
measurements. As above, the CDL model for thisast@rcan be used in conjunction with any antenna
configuration for the generation of radio chanmeallisations.
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4. Channel Models and Parameters

In this section, we summarize all the channel nodell parameters derived so far, and the measutemen
scenarios include both old and new measurement @igmp performed in Phase | and Il. The path loss
models were mainly based on 5 GHz and 2 GHz meamums. However, the frequency bands have been
extended in 2 ~ 6 GHz. In the parameter tableshi®mgeneric models, parameters for far clusterstlaad
correlations of polarization are added. For CDL mlsdin Phase I, the link level empirical modelgeve
derived based on measurements. In Phase I, wsimsgation method and the real number of clustgrs b
measurements, new CDL models are obtained. Moretheicomparisons between Phase | and Phase Il
generic and CDL models are given.

4.1 Applicability

4.1.1 Environment dependence

Different radio-propagation environment would cad#iéerent radio-channel characteristics. Inste&d o
attempt to parameterize environment directly (stppet widths, average building height etc.) WINNER
models are using (temporal and spatial) propagatemameters obtained from channel measurements in
different environments. In this context, enviromigein which measurements are conduced to observe
radio-channel characteristics are called scenakos. each scenario measured data is analyzed and
processed to obtain scenario-specific parametdtsr tis point, same generic channel is used tdeho

all scenarios, just by using different values afitcol parameters.

Usually, even for the same scenario, existence @8 lcomponent substantially influences values of
control parameters. Regarding to this propertyhe&NNER scenario is differentiating between LOS
and NLOS conditions. To enable appropriate scenaudalelling, transition between LOS and NLOS
cases have to be described. For this purpose distdependent probability of LOS and Ricean K factor
are used in the model.

4.1.2 System dependence

Dependence on carrier frequency in WINNER modefoisnd in path-loss models. All the scenarios
defined by WINNER support frequency dependent pagk-models valid for the ranges of 2 — 6 GHz.
The path-loss models are based on measurementr¢hatainly conducted in 5 GHz frequency range.

From WINNER measurement results and literature esuiiv was found that model parameters DS, AS
and Ricean K-factor do not show significant frequenlependence [BHSO05]. From that reason these
parameters show only dependence on environmemggsog

For modelling of systems with time-division-dupl€kDD) all models are using same (large-scale as
small-scale) parameters for both uplink and dowvinlifisystem is using different carriers for duphex
(FDD), then (additionally to path loss) random @saef scatterer contributions between UL and DL are
independent.

For the WINNER purposes it is required that chanmeldel supports bandwidths up to 100 MHz.
Following the approach described in [SV87] (forand propagation modelling) and further with SCME
[BHS05] WINNER Il model introduces intra-cluster lalg spread as a mean to support 100 MHz
bandwidth and to suppress frequency correlaticstelrd of zero-delay-spread-cluster approach oféPhas
model, the two strongest clusters with 20 MPCsuisdsvided into 3 zero-delay sub-clusters. Thus we
keep the total number of MPCs constant, but intcediour additional delay taps per scenario.

4.2 Generation of Channel Coefficients

This section gives general description of the clkhruoefficient generation procedure. Steps of the
procedure refer to parameter and model tables ofi@®e0. Sections 4.2 to 4.4 give the minimum
description of the system level channel model.

It has to noted, that the geometric descriptionece\arrival angles from the last bounce scatteaats
respectively departure angles to the first scattergeracted from the transmitting side. The pgatin
between the first and the last interaction is nefirdd. Thus this approach can model also multiple
interactions with the scattering media. This intBsaalso that e.g. the delay of a multipath compboan

not be determined by the geometry.
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General parameters:

Step 1: Set environment, network layout and antenna greagmeters

a. Choose one of the scenarios (Al, A2, B],...

b. Give number of BS and MS

c. Give locations of BS and MS, or equally distancesazh BS and MS and relative
directionsg os andg osof each BS and MS

Give BS and MS antenna field patterns and arrayngsiges

Give BS and MS array orientations with respectddh(reference) direction

Give speed and direction of motion of MS

Give system centre frequency

Give antenna field patters, andF

s@~oo

Large scale parameters:
Step 2: Assign propagation condition (LOS/NLOS) accordinghe probability described in Table 4-7.
Step 3: Calculate path loss with formulas of Table 4-ddach BS-MS link to be modelled.

Step 4: Generate correlated large scale parametersielay spread, angular spreads and shadow fading
term like explained in section 3.2.1 (Correlatitve$ween large scale parameters).

Small scale parameters:

Step 5: Generate delays
Delays are drawn randomly from delay distributi@fided in Table 4-5. With exponential delay
distribution calculate

r.'=-r.0,log(X,). (4.1)

where ris delay distribution proportionality factoX, ~ Uni(0,1) and cluster index=1,...N. With

uniform delay distribution the delay valu&s are drawn from the corresponding range. Normalise
the delays by subtracting with minimum delay and 8t normalised delays to descending order.

r, =sorfr,'-min(z,")). (4.2)
In the case of LOS conditiadditional scaling of delays is required to congada the effect of LOS

peak addition to the delay spread. Heuristicallyedrined Ricean K-factor dependent scaling
constant is

D =0.7705- 0.043X +0.000 * + 0.00001K*, 4.3)
whereK [dB] is the Ricean K-factor defined in Table 4Saled delays are
rr°=r,/D, (4.4)

they arenot to be used in cluster power generation.

Step 6: Generate cluster powelPs
Cluster powers are calculated assuming a singfesaponential power delay profile. Power
assignment depends on the delay distribution defimd able 4-5. With exponential delay distribution
the cluster powers are determined by

- rr -1 _1ZOn
P =exp-7,—— |10 (4.5)
rl'a-l'
and with uniform delay distribution they are deteved by

-Z

. -7 n
P =ex;{ “jﬂolo , (4.6)

0-7'

whereZ, ~ N(0, ¢) is the per cluster shadowing term in [dB]. Avexdhe power so that sum power of
all clusters is equal to one
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p=_ @.7)

C XAk

Assign the power of each ray within a clustePgsM, whereM is the number of rays per cluster.

In the case of LOS conditi@n additional specular component is added toitseduster. Power of
the single LOS ray is

K
P =_ ‘R 4.8
1LOS KR +1 ( )
and the cluster powers are not like in (4.7), but
1 P
+ J(n _1)P1,LOS’ (4.9)

P =
KR +1Zn=lpn

where d.) is Dirac’s delta function am; is the Ricean K-factor defined in Table 4-5 cotweérto
linear scale.

Step 7: Generate arrival anglegsand departure angles
As the composite PAS of all clusters is modellesvespped Gaussian (see Table 4-5) the AoA are
determined by applying inverse Gaussian functiah wiput parameter8, and RMS angle spreag
— ZUAOA\/_ ln(Pn/maX(Pn ))

. 4.10
&, c (4.10)

On equation above, , = U¢/1.4 is the standard deviation of arrival angles (fadtd is the ratio

of Gaussian std and corresponding "RMS spread”hs@mtC is a scaling factor related to total
number of clusters and is given in the table below:

# clusters 4 5 8 | 10 11 12 14 1% 16 20
C 0.779]| 0.860 1.018 1.090 1.123 1.146 1.190 1]21126121.289

In the LOS caseconstantC is dependent also on Ricean K-factor. Constanh@q. (4.10) is
substituted byC"°®. Additional scaling of angles is required to comgate the effect of LOS peak
addition to the angle spread. Heuristically deteediRicean K-factor dependent scaling constant is

C'°% = C [f1.1035- 0.028K - 0.002K * + 0.000K?), (4.11)
whereK [dB] is the Ricean K-factor defined in Table 4-5.

Assign positive or negative sign to the angles tiplying with a random variabl¥,, with uniform
distribution to discrete set of {1,-1}, add componeY, ~ N(O, JAoA/S) to introduce random
variation

91 = X+, + Pros, (4.12)
whereg, osis the LOS direction defined in the network laydescription Step1l.c.

In the LOS cassubstitute (4.12) by (4.13) to enforce the filsister to the LOS directiof os

¢n = (Xn¢nl+Yn) - (Xn¢ll+Y1 - ¢LOS) . (4-13)
Finally add offset angles;, from Table 4-1 to cluster angles
Dom = Pt Caoilim: (4.14)

wherecpoa is the cluster-wise rms azimuth spread of arr@rgjles (cluster ASA) in the Table 4-5.
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Table 4-1 Ray offset angles within a cluster, givefor 1° rms angle spread.

Ray numbem | Basis vector of offset angles,
1,2 +0.0447
3,4 +0.1413
5,6 +0.2492
7,8 +0.3715
9,10 +0.5129

11,12 +0.6797
13,14 +0.8844
15,16 +1.1481
17,18 +1.5195
19,20 +2.1551

For the departure anglesthe procedure is analogous.

Step 8: Random coupling of rays within the clusters.

Couple randomly departure ray anglgs, to arrival ray angleg,  within a clustemn, or within a sub-
cluster in the case of two strongest clusters ¢g=@ 11 and Table 4-2).

Step 9: Generate vertical-to-horizontal and horizontalsatical cross polarisation power ratios (XPR)

K" and " respectively for each ray of each clusten.
XPR is log-Normal distributed. Draw vertical-to-montal XPR values as
K =10, (4.15)

where ray indexn=1,...M, X~ N(g;4) is Gaussian distributed withhandx from Table 4-5 for
XPRyy.

For the horizontal-to-vertical XPR the procedurangslogous.

Coefficient generation:

Step 10: Draw random initial phas{éD‘é"m,GD‘éhm,th" Ol } for each rayn of each clusten and for

n,m?
four different polarisation combinationgvvh,hv,hl Distribution for initial phases is uniform,
Uni(-7z7y.

Step 11: Generate channel coefficients for each clustend each receiver and transmitter element pair
u,s

For the N — 2 weakest clustegayn = 3,4,...N, and uniform linear arrays (ULA), the channel
coefficient are given by:

Huenlt) =P Z { o m)}T \/% z(i:J(vjvq))hv) @;(Tif)m gk {F:((Z:))} (4.16)

@xr(jd 21 sm )exdjd 21\, sm( ))exdﬂnu )

rqu

whereF, ,vandF , 4 are the antenna elemantield patterns for vertical and horizontal polatisns
respectively,ds and d, are the uniform distances [m] between transmitiements and receiver
elements respectively, andy is the wave length on carrier frequency. If pdation is not
considered, 2x2 polarisation matrix can be replabgdscalar eXp(jq’n,m) and only vertically

polarised field patterns applied.

With fixed feeder link models (B5 scenarios) theppler frequency componemt, ., is tabulated for
the first ray of each cluster. For the other rays = 0. With all other models the Doppler frequency
component is calculated from angle of arrival (domk), MS speeds and direction of travef,

[Mcods, -4.)

v, = , 4.17
n,m /10 ( )
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For the two strongest clustersayn =1 and 2, rays are spread in delay to three higters (per
cluster), with fixed delay offset {0,5,10 ns} (s€able 4-2). Delays of sub-clusters are

r,,=r,+0ns
I,,=T,+5ns (4.18)
I,;=T7,+10ns

Twenty rays of a cluster are mapped to sub-clusiterpresented in Table 4-2 below. Corresponding
offset angles are taken from Table 4-1 with mapmgih@able 4-2.

Table 4-2 Sub-cluster information for intra cluster delay spread clusters.

sub-cluster # mapping to rays power delay offset
1 1,2,3,4,5,6,7,8,19,20 10/20 0ps
2 9,10,11,12,17,18 6/2D 5ns
3 13,14,15,16 4/20 10ns

If non-ULA arraysare used the equations must be modified. Forrarpitarray configurations on
horizontal plane, see Figure 4-1, the distance tirim equation (4.16) is replaced by

o AT codarcaty, ),

wnm sing, .,

where &,y,) are co-ordinates atth element, andA, is the reference element.

: (4.19)

Yy A

Ao

Figure 4-1 Modified distance of antenna element with non-ULA array.

Step 12: Apply path loss and shadowing for the channeffmients.

4.2.1 Generation of bad urban channels (B2, C3)
Bad urban channel realizations can be created dgietbC2 and B1 NLOS procedures as follows:

Step 1:
Choose a proportion of mobile useps(between 0 and 1), which will experience bad urbbhannel
characteristics. Recommended values for bad urkarsware 5-15% for C3 and 1-5% for B2. For the

remainingl-p of the users generate typical micro- or macrot@I@B1 or C2) channel realisations as
described in section 4.2.

Step 2:

Drop five far scatterers within a hexagonal celithi radius [FSmin, FSmax]. For FSmin and FSmax
values see Table 4-3. For each mobile user deterthinclosest two far scatteres, which are thed foge
calculating far scatterer cluster parameters.

Page 40 (153)



WINNER II D1.1.1V1i1

Table 4-3 Far scatterer radii and attenuations foB2 and C3.

Scenario FSn FShax FSoss
B2 150 m 500 m 4 dBlus
C3 300 m 1500 m 2 dBjus

Step 3:

For C3 create 20 delays as described for C2 modstdtion 4.2. step 5. For the shortest 18 delmate
a typical urban C2 channel profile (powers and asighs in section 4.2.

Similarly, create 14 delays for B1 NLOS, and foe tehortest 12 delays create a typical B1 NLOS
channel profile as in section 4.2.

The last two delays in B2 and C3 are assignedafiosdatterer clusters.

Step 4:
Set the delays of both the FS clusters zero, asaterthem typical urban channel powers, as in@ecti

4.2.

Step 5:

Next create excess delays due to far scattereiectuss

_ dBS—>FS—>MS _dLOS (4.20)

excess
C

T

Attenuate FS clusters as Sgiven in Table 4-3.

Step 6:

Select directions of departure and arrival for e&&h cluster according to far scatterer locatiores. i
corresponding to a single reflection from far set.

It is worth noticing that depending on the locatmfrthe mobile user within the cell the FS clusteray
appear also at shorter delays than the maximumr@LANLOS cluster. In such cases the far scatterers
do not necessarily result to increased angulaetayddispersion. Also the actual channel statisifcthe

bad urban users depend somewhat on the cell size.

4.3 Path-loss models

Path-loss models at 5 GHz for considered scenaiawe been developed based on measurement results
and results from literature. The fixed parametethyass models have usually the form as in (4.21),
whered is the distance between transmitter and recether fitting parameteA includes the path-loss
exponent parameter and param&és the intercept.

PL = Alog,,(d[m]) + B (4.21)

The models were generalised for the frequency r&ngé GHz and different antenna heights. The path-
loss models have been summarized in the TableM&antenna height dependency is not shown in the
table, but can be found in the later sections. Bpaee attenuation referred in the table is

PL,., = 46.4+ 20log,,(d[m]) + 20log,, ( f [GHZ]/5) (4.22)

The shadow fading is log-Normal distributed andndtad deviation of the distribution is given in
decibels.

Table 4-4 Summary table of the extended path-lossadels

Scenario path loss [dB] shadow applicability

fading range and antenna
std (dB)| nheight default values

18.7 logp (d[m]) + 46.8 + o=3 3m<d< 100 m,
Al Los 20log (f{GHZ]/5.0) hes = hus= 1- 2.5m

Page 41 (153)



WINNER Il D1.1.1Vvi1i1
NLOS (Room- PL = 36.8 logy (d[m]) + 43.8 + o=4 3 m<d< 100 m,
Corridor) 20|0g0 (f [GHZ]/50) hBS = hVIS: 1-2.5m
NLOS (Room-| PL =20 logo (d[m]) + 46.4 + o=6 3m<d< 100 m
Room  trough ny - 5+ 20logy (f [GHZ)/5.0) (light walls),
wall) hgs = hys= 1—- 2.5m

PL = 20 logo (d[m]) + 46.4 +
Ny - 12+ 20log, ([GHZ]/5.0) 0=8 |3m<d<100m
(heavy walls),
where g, is the number of hgs = hus= 1-2.5m
walls between BS and MS.
PL = PL, + PLy, + PLy, g=7 3 m <dyet b, <1000 m
where hes= 3 +2m
A2 NLOS PLb = PLBl(dout + dn) ’ h\/lS: 15m
PLy = 14 + 15(1 - co$))?, See? for explanation
PL, =0.5g, of parameters
PLios = max(22.7 log (dh [m]) + 41.0 +| o= 3 30 m<d<dg?
20 logy (f [GHZ]/5.0), PLkee) hgs= 10 m
hMS: 15m
LOS
PL s = 40.0 |Og0 (dl [m]) + 945 - o=3 d’BP < dl <5km
173|0g0 (h,BS [m]) +
B1 - 17.3logg (h'ys [M]) +
+2.7logy(f [GHZ]/5.0)
Plyios = PLLOS(dl) + 20 — 125\1 +|o0=4 10 m <d1 <5km,
10110910 (do[m]) w2 <d,< 2 km?
NLOS w =20m
where R = max((2.8 — 0.0024¢m]), hgs= 10 m
184) hMS: 15m
B2 NLOS Same as B1.
B3 LOS 13.4 logp (d[m]) + 36.9 c=14 | 5m<d<29m
NLOS 3.2 logp (d[m]) + 55.5 =21 | 5m<d<29m
Same as A2, o=7 3 m <dy+ d, <1000 m
B4 NLOS except for antenna heights. hes= 10 m
hws=3my+1.5m
PL = max(23.5 log, (d) + 42.5 + o=4 30m < d <8km
B5a LOS 20 Iogl_o (f [GHZ]/SO),PLFree) hBS =25m
hys = 25 m (= Relay
antenna height)
Los Same as B1 LOS, 0=3 hgs= 10 m
B5c except for the antenna height of the Relay hys (Fhrg) =5 M
Station (See the rightmost column.). (Relay antenna height)
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PL =23.5 logo (d) + 57.5 + =8 | 30m<d<1.5km
B5f NLOS 20 logp (f [GHZ]/5.0) hgs= 25 m
hrs = 15 m (= Relay
antenna height)
PL = 23.8log, (d [m]) +41.2 + c=4 [30m<d<gp?
20 logp (f [GHZ]/5.0) hes= 25 m
h\/IS: 1.5m
LOS PL = 40.0 logy (d [m]) + c=6 dsp<d <5km
11.65 - 16.2lag (hgs [M])
cl - 16.2l0g (hys [M]) +
3.8log1d(GHz]/5.0)
PL =[44.9-6.55logy(hgs[m])]logo(d[m]) | c=8 50 m<d < 5 km
NLOS + 31.46 + 5.83log(hgg[m]) + 20log;f hes= 25 m
[GHZz]/5.0) hus= 1.5 m
PL = [44.9-6.55log(hsdMm])]log1o(d[m]) | =8 50 m <d <5 km
C2 NLOS + 34.46 + 5.83log(hgg[m]) + 20logf hes= 25 m
[GHZz]/5.0) hus= 1.5 m
C3 Same as C2.
PL = 44.2 + 21.5 log10(d) + 20 loglQ(& =4 30m<d<gp’
[GHZ]/5) hBS: 32 m
LOS h\/IS: 15m
PL =10.5 + 40.0 log (dy [m]) - c=6 dgp < d < 10 km,
18.5logo(hgs[m]) - 18.5logg (hus [M]) +
D1 1.5log«(f[GHZ]/5)
PL = max((55.4+25.1log(d[m]) o=8 50 m <d < 5 km
-0.13logo(hggm]-25))log; o (d[m]/100) hys= 32 m
NLOS
- 0.9(hus[m]-1.5) + hvs=1.5m
21.3 logo(f[GHZ]/5.0), PLkree)
PL = max(41.1 log(d)+17.2 o=3 30m<d<2km
D2a LOS + 20log o(f [GHZ]/5.0) ,PLgred) hs= 6 m
hws=5m

1) PLp; is B1 path-loss, 4; is the distance between the outside terminalcdoskst point of
the wall to the inside terminal,;,ds the distance from wall to the inside terminélis the
angle between the outdoor path and the normaleofuidil. (See 6.2.1.)mnis the number of
the floor. (Ground floor is the number 1.)

2) d'gp = 4 h'gs h'ys flc, where f = center frequency and ¢ = velocityight and hgs and hys
are the effectice antenna heights at BS and MSotisply: hgs=hss1.0 m, hys = hys—
1.0 m, where 1.0 m is the effective environmenghein the urban environment.

3) d; and d have been explained below.

4) dgp = 4 hss hys fic, where Bs and hys are the actual antenna heights

For B1, we have developed and g path loss model for NLOS. For Al, the similar plits model can
be derived, but it can be applied for the wholessiag of the corridors. The geometry for theadd ¢

models is shown in Figure 4-2 where the BS is kedan one street/corridor and the MS is movinghia t
perpendicular street /corridor; b the distance from the BS to the middle pointhef street/corridor and
d, is the distance apart from the middle point ofdhessing of the MS.
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MS

d:

d2

VY -

Figure 4-2 Geometry for d and d, path-loss model

4.4 Parameter tables for generic models
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Table 4-5 Parameter table for generic models in aziuth plane.

Scenarios Al A2 B1 B3 B4 C1 C2 D1 D2a
LOS NLOS NLOS LOS NLOS LOS NLOS NLOS LOS NLOS NLOS LOS NLOS LOS
Delay spreadis U -7.42 -7.60 -7.40 -7.44 -7.12 -7.55 -7.40 -7.31 -7.23 -7.12 -6.63 -7.8p 607. -7.4
logio([S]) g 0.27 0.19 0.18 0.25 0.12 0.10 0.19 0.36 0.49 0.3 320 0.57 0.48 0.2
AoD spreadoasp”™” U 1.64 1.73 1.71 0.40 1.19 1.48 1.07 1.08 0.78 0.90 0.93 0.7 0.96 1.(
10g10([°]) g 0.31 0.23 0.16 0.37 0.21 0.21 0.14 0.42 0.12 0.36 220 0.21 0.45 0.31
A0A spreaddasa U 1.65 1.67 1.25 1.40 1.55 1.15 1.60 1.76 1.48 1.64 721 1.20 1.52 15
10010([°]) g 0.26 0.14 0.41 0.20 0.20 0.26 0.24 0.14 0.20 0.3 .14 0 0.18 0.27 0.1
Shadow fadingrse[dB] g 3 6 7 3 4 2 2 7 4/6 8 8 416" 8 2.5
Onsp VS Obs 0.5 -0.1 0.4 0.5 0.2 0.2 0.1 0.3 0.3 0.3 0.4 0.1 -0.4 0.1
Onsa VS Obs 0.7 0.3 0.4 0.8 0.4 -0.2 0.5 0 0.8 0.7 0.6 0.2 0.1 0.2
. xx |_Onsa VS Osp -0.4 -0.4 0.1 -0.5 -0.4 -0.2 0.1 0 -0.2 -0.3 -0.3| -0.1 0.1 -0.1
Cross-Correlations Onsp VS Osk -0.1 0 0 -0.5 0 -0.3 -0.2 -0.3 0.4 -0.4 -0.6 -0.1 0.6 -0.1
Obs VS Ose -0.7 -0.5 -0.2 -0.4 -0.7 0.2 0.3 0.5 -0.7 -0.4 -0.4| -0.7 -0.5 -0.7
Onsp VS Oasa 0.4 -0.3 0.1 0.4 0.1 0.0 0.3 -0.1 0.3 0.3 0.4 -0.p -0.2 -0.5
Delay distribution Exp Exp Exp Exp ligg%:g Exp Exp Exp Exp Exp Exp Exp Exp Exp
Delay scaling parameter; 3 2.4 2.2 3.2 O 1.9 1.6 1.8 2.4 15 2.3 3.8 1.7 3.8
XPR [dB] u 11.4 9.7 8.1 8.6 8.0 0.5 0.1 4.0 7.9 3.3 7.6 6.9 9 7. 6.9
g 3.4 3.5 10.4 1.8 1.8 1.1 0.7 11.2 3.3 2.5 34 2.8 5 3 2.3
XPRu [dB] u 10.4 10.0 8.5 9.5 6.9 N/A* N/A 9.5 3.7 5.7 2.3 7.2 7.5 7.2
g 3.4 3.1 10.9 2.3 2.8 N/A N/A 11.3 2.5 2.9 0.2 2.8 .04 2.8
AoD and AoA distribution Wrapped Gaussian
Number of clusters 12 16 10 8 16 5 10 12 15 14 20 11 10 4
Number of rays per cluster 20 20 20 20 20 2( 2( 20 20 20 20 20 20 20
Cluster ASD 5 5 8 3 10 5 6 5 5 2 2 2 2 2
Cluster ASA 5 5 5 18 22 5 13 8 5 10 15 3 3 3
Per cluster shadowing sfddB] 6 3 3 3 3 3 3 4 3 3 3 3 3 3
3+ 6 — 17.1- 3.7+
K-factor [dB] 8.3-0.06 0 3.2 0.01421 0 0.26d O 8.1 0.021d O 0 0.0 O 6
Obs 7 4 21 9 8 5 2 10 64 40 40 64 36 64
Correlation OasD 6 5 15 13 10 2 1 11 20 30 50 25 30 25
distance [m] OhsA 2 3 35 12 9 1 1 6 18 30 50 40 40 40
sk 6 4 14 14 12 4 6 4 23 50 50 40 120 40

* Scenarios C1 LOS and D1 LOS contain two shadostdgdeviations; one (left) for before and onehtjdor after the path loss breakpoint.
" Angle of departure spreazisp corresponds t@, and angle of arrival spreagisa to g in the text.

* For scenario B3, XPRis not available. In the channel model implemeatatthese values have bee substituted by the XPR

** The sign of the shadow fading is defined so thasitive SF means more received power at MS thadligied by the path loss model.
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Table 4-6 Parameter table for generic models in elation plane.

Scenarios Al A2 B4
LOS NLOS NLOS NLOS
Elevation AoD U 0.88 1.06 0.88 1.01
spreaddesp’ o 0.31 0.21 0.31 0.43
Elevation AoA U 0.94 1.10 0.88 0.88
spreaddesa o 0.26 0.17 0.34 0.34
Ozsp VS Obs 0.5 -0.6 N/A -0.18
Ocsa VS Obs 0.7 -0.1 0.3 N/A
gg?f;gti ons | GesavS g6 0.1 03 0.2 N/A
Ogsp VS Oge -04 0.1 N/A -0.52
OcspVS Oesa 0.4 0.5 N/A N/A
Eilset\r/?bt:ﬁir:)r? oD and AoA Wrapped Gaussian
Cluster ESD 3 3 3 3
Cluster ESA 3 3 3 3

* Elevation angle of departure spreagpcorresponds t@y and elevation angle of arrival spreggsa
to gy in the text.

The output expectation values for LS parametergiaen in section 4.4.1.

System level simulations require the probability lofe of sight for considered scenarios. For

scenarios A2, B2, B4, C2 and C3 the LOS probabiityzero. For rest of the scenarios the

probabilities are given in Table 4-7. It shouldrmed that the LOS probability models are based on
relatively few data or are deduced using some $fiagplassumptions. Therefore these probabilities
should be treated as only indicative.

In grid-based scenarios like Al (indoor layout) aBd (Manhattan grid) it is probably more
favourable to define the position of mobiles respecto the APs using,d- d, distances as specified
in connection of the path-loss definition, see Fégd-2, or even x-y coordinates. Then it is easy to
specify the LOS condition according to the positioh the mobile and use it in defining the
propagation connection of each link. One problenlL©fS probability is that the location of APs
affects the LOS probability in grid-based scenaristually the LOS probabilities for A1 and B1 in
Table 4-7 are possibly not fully consistent witk tturrent evaluation assumptions.
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Table 4-7 Line of sight probabilities
Scenario LOS probability as a function of distandg¢m] Note
1 ,d< 25
Al Paos =
% 1= 0.9(1—(124— O.61Ioglo(d))3)‘/3,d > 25
o |p 2t ,d<10
©°%120/d ,d >10
1 d<10 For big factory halls
P = ’ airport and train stations.
LOS — ex _ﬂj ,d >10
45
B3
1 d<5 For big lecture halls and
P = ’ conference halls.
los =Ygy - 95 5<d <40
150
d
C1 Pos =eXpg ———
Los F{ 200}
d
D1 Pos=€Xp ———
Lo p( 1000
D2a | Same as D1

4.4.1 Reference output values

Table 4-8: Expectation (median) output values fordrge scale parameters.

Scenario DS (ns) AS at BS (9AS at MS (°) ES at BS (°)ES at MS (°
LOS 40 44 45 8 9
Al
NLOS 25 53 49 11 13
A2 | NLOS 40 53 18 10 10
LOS 36 3 25
Bl
NLOS 76 15 35
LOS 28 30 14
B3
NLOS 40 12 40
B4 | NLOS 49 12 58 10 10
LOS 59 6 30
C1
NLOS 75 8 45
C2|NLOS 234 8 53
D1| LOS 16 6 16
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NLOS

37

33

D2

LOS

39

30

For reference, the following table illustrates somput channel statistics (median values) for aiicr

and macrocellular bad urban mobile users. Forc#beulation max cell radii of 200 and 500 m were
used for micro- and macrocells, respectively, aad brban users were uniformly distributed within
the cell area.

Table 4-9: Expectation (median) output values of lge scale parameters for bad urban

scenarios.
Scenario | DS (us) | ASatBS | AS at MS | Power of | Power of | Delay of | Delay of
©) ©) the 'FS | the 29FS | the ©'FS | the 29FS
cluster cluster cluster cluster
(dB) (dB) (Ms) (Ms)
B2 0.48 33 51 -5.7 1.7 11 1.6
C3 0.63 17 55 -9.7 -13.0 3.1 4.8

4.5 Transitions between propagation conditions

The channel model allows the transition betweefedifit propagation conditions: Most important is
the transition between LOS and NLOS propagationditmms of same scenario. Another possible
transition is from one scenario to another one. tihar cases there is a path-loss model for the intra
scenario transition: B1 urban microcell and Al iodgsmall office case). B1 path-loss model has
been introduced in [WIN1D54] and Table 4-4 of tHscument. A1 model has been created during
WINNER Phase Il and is an extension to the eanedel in [WIN1D54]. Channel model is
introduced in detail in Part Il of the documenteTibrmulas are:

689+ 061d; + (21.2 - 0.0550) * log;o(|d,|) + 20* logy,| f. (GH2)/5]|d,| < 3F;

4.23
46.8+18.7* logyo[d(m)] + 20* log,o| f, (GH2)/5].d =+/d2 +d2 |d,| < 3F, (4.23)

PL(d;.d,) :{

where d and g are the distances along the LOS route and perpaladiNLOS route and Wis the
width of the corridor when MS is located, i specified below:

2
E =4 1= Vs | Wins
! 2d, | 2

For B1, the path-loss can be expressed as follolsnvwa mobile is turning a strret corner from
LOS/NLOS including the transition region

(4.24)

PL(dy.d,) = PLios(d),d =y/dZ+d3, |dj <10F, (4.25)
PL_os(dy) +20-12.5n+10nlog,q(d,|), |d,| >10F,
where
PL,os(d,) = 41.0+ 227 [log,,(d,) + 20log,,| f (GHZ) /5] (4.26)

andn=28-0.0024*d,, og =32-525x10"*d, dB.

Fig 4-3 (a) and 4-3 (b) show the pathloss modetduding transition regions for A1 and B1,
respectively.
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S D .

pathloss (dB)
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Figure 4-3 Examples of the path.loss models includy the transitions. (a) A1. (b) B1

4.6 CDL Models

The CDL model is somehow different from the coni@ml tapped delay line models in a sense that
fading within each tap is generated by a sum aisiius i.e., the rays within the cluster of that ta
However, it is based on similar principles of tHastered channel modelling approach. Clustered
delay line (CDL) model is composed of a number effagate delayed clusters. Each cluster has a
number of multipath components (rays) that havestmae known delay values but differ in known
angle of departure and known angle of arrival. Thister angle-spread may be different from that of
BS to that of the MS. The offset angles represkatltaplacian PAS of each clustdthe average
power, mean AoA, mean AoD of clusters, angle-speaflS and angle-spread at MS of each cluster
in the CDL represent expected output of the stdahasodel with parameters listed in Table 4-8.
Exception to this are the fixed feeder link modgls=nario B5), where only CDL model is defined.

Parameter tables for CDL models are given in Rart this document.

4.7 Comparison of Phase | and Phase Il models
This section shows the main differences betweetiase | (D5.4) and Phase 1l (D1.1.1) models.

Phase Il models include more scenarios (A2, B2,B23,B5f, D2a, and D2b) and more features like

time evolution of large scale parameters, intrestelu delay spread, and far cluster option. CDL

models are based on expectation values of the krgle parameters of the stochastic models. Time
evolution is organized by replacing old clusterthwiew clusters one by one, with power ramp up and
ramp down.

Table below shows which scenarios are availabRhiase | and in Phase Il models, respectively. Note
that all the scenarios of Phase | have been updatedase 1l models.

Table 4-10 Availability of scenarios in Phase | ané’hase 1l models

Scenario Phase | Phase Il
code definition generig CDL generic | CDL

model model
Al indoor small office yes yes yes yes
A2 indoor-to-outdoor yes yes
Bl urban micro-cell yes yes yes yes
B2 bad urban micro-cell yes yes
B3 large indoor hall yes yes yes yes
B4 outdoor-to-indoor yes yes
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B5a stationary feeder yes yes

B5b stationary feeder yes yes

B5c stationary feeder yes yes

B5d stationary feeder yes

B5f stationary feeder yes

C1 suburban macro-cell yes yes yes

c2 urban macro-cell yes yes yes

C3 bad urban macro-cel yes

C4 urban macro-cell yes (equal to B4)
outdoor-to-indoor

C5 LOS feeder yes (equal to B5c)

D1 rural macro-cell yes yes yes yes

D2a moving networks yes yes

D2b moving networks yes yes

The features of Phase | model and Phase || modaed@npared in table below.

Table 4-11 Comparison of features of Phase | and Bke Il models

Feature Phase | Phase I
generic | CDL generic | CDL
model model

Number of main scenarios (see table above) 7 7 12 2 1

Number of scenarios including sub-scenarios 10 10 16 16

(a,b,c,...)

Indoor-to-outdoor models yes yes

Outdoor-to-indoor models yes yes

Bad urban models yes yes

Moving networks models yes yes

Support of coordinate system yes yes

Support of multi-cell and multi-user simulations sye yes

Support of multihop and relaying simulations yes s*ye yes yes*

Correlation of large-scale parameters yes yes

Support of interference simulations yes yes

Time evolution yes

Reduced variability clustered delay line (CDL) yes yes

model for calibration, comparisons, and fast

simulations

CDL analyzed from measured PDP yes

CDL based on expectation values of generic model yes

Intra-cluster delay spread yes yes

Far cluster option yes yes
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* With slight modification: AoD and AoA should belmsted according to the network layout.

Table below shows the difference in parameter walue

Table 4-12 Comparison of parameters of Phase | arfdhase Il models

Parameter Unit Phase | Phase | Phase I Phase Il

generic CDL generic CDL

model model
Frequency range GHz 5 5 246 2+6
Bandwidth MHz 100 100 100 100
Tap spacing ns N/A 5 N/A 5
Number of sub-paths per 10 10 20 20
cluster
Al LOS delay spread ns 39(8 12.9 38.0 38.0
Al NLOS delay spread ns 25(1 24.5 25.1 25.1
B1 LOS delay spread ns 36 19.5 41.7 an.7
B1 NLOS delay spread ns 16 94.7 81.3 81.3
B3 LOS delay spread ns 26|10 18.6 28.2 28.2
B3 NLOS delay spread ns 450 30.0 39.8 39.8
C1 LOS delay spread ns 116 29.6 58.9 58.9
C1 NLOS delay spread ns 55.0 61.5 75.9 715.9
C2 NLOS delay spread ns 234.4 318.0 182.0 182.0
D1 LOS delay spread ns 158 20.4 15.8 15.8
D1 NLOS delay spread ns 251 27.8 25.1 25.1
Al LOS AoD spread 0 55 51 43|7 43.7
A1 NLOS AoD spread 0 20.0 23)2 53.7 53.7
B1 LOS AoD spread o 3 5.6 25 25
B1 NLOS AoD spread 0 15 1244 17,4 17.4
B3 LOS AoD spread 0 26.4 347 30.2 30.2
B3 NLOS AoD spread 0 38.0 3]0 39.8 39.8
C1 LOS AoD spread 0 13.8 14{2 13.8 18.8
C1 NLOS AoD spread 0 3.4 5J0 314 34
C2 LOS AoD spread 0 8.6 8J0 85 8.5
D1 LOS AoD spread 0 16.6 21i5 16.6 16.6
D1 NLOS AoD spread 0 9.1 224 91 9.1
Al LOS AoA spread 0 33.1 325 4417 447
Al NLOS AoA spread 0 37.2 39.1 468 46.8
B1 LOS Ao0A spread 0 25 371 251 2531
B1 NLOS AoA spread 0 35 36.4 398 39.8
B3 LOS Ao0A spread 0 13.1 18]1 141 14.1
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B3 NLOS AoA spread 0 9.5 187 11,7 11.7
C1 LOS AoA spread ° 40.f7 458 40.7 40.7
C1 NLOS AoA spread ° 46.8 530 46.8 46.8
C2 LOS Ao0A spread ° 52.b 530 52.5 52.5
D1 LOS AoA spread 0 33.1 2410 33.1 33.1
D1 NLOS AoA spread 0 33.1 17/9 33.1 33.1
Al LOS LNS{ dB 3.1 3 3
A1 NLOS LNS¢{ dB 3.5 6 6
B1 LOS LNS{ dB 2.3 3 3
B1 NLOS LNS¢ dB 3.1 4 4
B3 LOS LNS{ dB 1.4 2 2
B3 NLOS LNS{ dB 2.1 2 2
C1LOS LNS{ dB 40...6.0 ... 6 4..6
C1 NLOS LNS¢ dB 8.0 8 8
C2 LOS LNS¢ dB 8.0 8 8
D1 LOS LNS¢ dB 3.5...6.0 ... 6 4..6
D1 NLOS LNS{ dB 8.0 8 8
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5. Channel Model Usage

The purpose of this chapter is to discuss issurseraing usage of the WINNER channel model for
simulations.

5.1 System level description

5.1.1 Coordinate system
System layout in the Cartesian coordinates isXanmple the following:

cell1 i:l
cell3 ; MS1
BS1 cell2

Y

-~

MS2

i:l cella
MS3
S cell6 A\ cell5
BS2

v

Figure 5-1: System layout of multiple base stationand mobile stations.
All the BS and MS have (x,y) coordinates. MS andiscésectors) have also array broad side

orientation, where north (up) is the zero anglesifR@ direction of the angles is the clockwise
direction.

Table 5-1: Transceiver coordinates and orientations

Tranceiver Co-ordinates | Orientation f]
BS1 celll (¥s1,Ybs1) Qu
cell2 ()%sbybs:l) QCZ
cell3 ()%sbybs:l) QC3
BS2 cell4 (¥s2Ybs2) Qs
cell5 (%2 Ybs2) Qcs
cellé (%2 Ybs2) Qe
MS1 (ns1Yms2) Qms1
MS2 (Xns2Yms2) Qms2
MS3 (XnsaYms3d) Qmss

Both the distance and line of sight (LOS) directioformation of the radio links are calculated foe
input of the model. Distance between the 881 Mg is
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st Ms, — \/(XBS - XMsk)2 + (yss ~ Yus, )? .

(5.1)
The LOS direction from BSo MS, with respect to BS antenna array broad side & Fsgure 5-2)
Yus, =Y
—arctan =% [+90°-Q,  WhenX,g = Xgg
_ Xus, ~ Xas
s = Yvs, ~Y
—arctan =% |-90°~Q.c,  When X,s < Xgg
Xus, ~ Xag
(5.2)

The angles and orientations are depicted in thedigpelow.

I
14

\ QBS ,MS,

BS arr\éy broadside

eMSk,BS

_ \
MS array broadside’™ ®
\
\

Figure 5-2: BS and MS antenna array orientations.

Pairing matrixA is in the example case of Figure 5-2 a 3x6 matith values {0,1}. Value O stands
for link MSmto celh is not modelled and value 1 for link is modelled.

Xmchl XmSLCZ U Xmﬂ,cﬁ
A = Xmsz,cl XmSLcZ t Xmsl,cﬁ
Xmser Amscz " Amscs (5.3)

The pairing matrix can be applied to select whithio links will be generated and which will not.

5.1.2 Multi-cell simulations

5.1.2.1 Single user (Handover)

A handover situation is characterized by a MS mgvirom the coverage are of one BS to the
coverage area of another BS. Figure 5-3 illustrttisssetup.
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msM

C1 /,,,’W”
@)
,/'m32
O c2

ms1

Figure 5-3: Handover scenario.

There are two base-stations or cells denatedndc2, and one mobile station. Thus, while there is
only one mobile station in the scenario, each looadf the mobile on its path is assigned a unique
labelmsl1to msM This is equivalent to a scenario with multiplebite stations at different positions
mslto msM Path-loss will be determined according to thengetoy and large-scale parameters
correlate properly. The resulting procedure iscdlews:

1. Set base statioril andc2 locations and array orientations according to getoyn

2. Set MS locationsns1to msMand array orientations along the route. Choosedibience
between adjacent locations according to desiredracy.

3. Set all the entries of the pairing matrix to 1.

4. Generate all the radio links at once obtain corstelation properties. It is possible to
generate more channel realizations, i.e. time sasnor each channel segment afterwards.
This can be done by applying the initial valuesmwfll scale parameters in the Table 8-5.

5. Simulate channel segments consecutively to emuaiaten along the route.

It is also possible to model even more accurate tewolution between locations as described in
section 3.3. The clusters of current channel segjifiecation) are replaced by clusters of the next
channel segment one by one.

5.1.2.2 Multi-user

The handover situation from the previous sectiors wa example of single-user multi-cell setup.
Other cases of such a setup are for example fautigei context of multi-BS protocols, where a MS
receives data from multiple BS simultaneously.

The extension to multiple users (and one or mose [sdiations) is straightforward. Because location
and mobile station index are treated equivaleiitfpllows that all locations of all mobiles have be
defined. Consider the drive-by situation in FigGré.
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s1M
cl O
ms21
@) Q/
ms12
ms21
O c2
_~ms11 ye
o

_-Ms2N

Figure 5-4: Drive-by scenario (with multiple mobilestations).

Here,M locations of mobile station 1, amdllocations of mobile station 2 are defined yieldm¢ptal
of M+N points or labels. The resulting procedure is HeVic.

1. Set BSclandc2locations and array orientations according to Udyo
Set MS locationsns11to ms2Nand array orientations according to layout.

2.
3. Set the links to be modelled to 1 in the pairingrira
4

Generate all the radio links at once obtain cormtelation properties. It is possible to
generate more channel realizations, i.e. time sasnpbr each channel segment afterwards.
This can be done by applying the initial valuesmwill scale parameters in the Table 8-5.

5. Simulate channel segments in parallel or conseglytizccording to the desired motion of the
mobiles.

5.1.3 Multihop and relaying

Typically, the links between the MSs and the liddetween the BSs are not of interest. Cellular
systems are traditionally centric networks wheletrafffic goes through one or more BS. The BS
themselves again only talk to a BS hub and not éetwhem.

Multihop and relaying networks break with this ltation. In multihop networks, the data can take a
route over one or more successive MS. Relaying ovésy on the other hand, employ another level of
network stations, the relays, which depending am specific network, might offer more or less
functionality to distribute traffic intelligentlyThe WINNER channel model can be used to obtain the
channels for multihop or relaying scenarios, asiesd below.

- A

Y

-~

_- MS3
E (BS4)
Ms2
_________ - MS1
A A\Bsz
BS1 (MS4)
» X

Figure 5-5: Multihop and relaying scenarios.
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In the example figure above the signal fréa%1to BS3is transmitted viaMS3and BS2act as a
repeater foBS1 These scenarios can be generated by introduciB§-®S pair into position of a
single BS serving as a relay or into position ¢firegle MS serving as a multihop repeater. In these
cases one can apply path-loss models of feederaioendescribed in section 3.2.4. The resulting
procedure is as follows.

1. Set base statioBS1to BS3locations and array orientations according to lsyo
2. Set mobile locationdS1to MS3and array orientations according to layout.

3. Add extra base statidBS4to position ofMS3and extra mobilé1S4to position oBS2with
same array orientations and array characterissit4SBandBS2respectively.

4. Set the pairing matrix to

0100
0 001
A =
0010
1 000

5. Generate all the radio links at once.
6. Simulate the channel segments in parallel.

5.1.4 Interference

Interference modelling is an application subset abfannel models that deserves additional
consideration. Basically, communication links thahtain interfering signals are to be treated fisst
any other link. However, in many communication eyss$ these interfering signals are not treated and
processed in the same way as the desired signdishas modelling the interfering links with full
accuracy is inefficient.

A simplification of the channel modelling for thetérference link is often possible but closely &dk
with the communication architecture. This makedifficult for a generalized treatment in the cortex
of channel modelling. In the following we will thusnstrain ourselves to giving some possible ideas
of how this can be realised. Note that these dreoahbined signal and channel models. The actual
implementation will have to be based on the contmrtal gain from computational simplification
versus the additional programming overhead.

AWGN interference

The simplest form of interference is modelled byitide white Gaussian noise. This is sufficient for

basic C/I (carrier to interference ratio) evaluaiovhen coupled with a path loss and shadowing
model. It might be extended with e.g. on-off keyifig simulate the non-stationary behaviour of

actual transmit signals) or other techniques thatsanple to implement.

Filtered noise

The possible wideband behaviour of an interferigga is not reflected in the AWGN model above.
An implementation using a complex SCM or WIM chdnrigowever, might be unnecessarily
complex as well because the high number of degrereedom does not become visible in the noise-
like signal anyway. Thus we propose something atbegines of a simple, sample-spaced FIR filter
with Rayleigh-fading coefficients.

Pre-recorded interference

A large part of the time-consuming process of gatieg the interfering signal is the modulation and
filtering of the signal, which has to be done apdhequency. Even if the interfering signal is eleted
and removed in the communication receiver (e.gltiraser detection techniques) and thus rendering
a PN generator too simple, a method of pre-comguaimd replaying the signal might be viable. The
repeating content of the signal using this techaiéaitypically not an issue as the content of the
interferer is discarded anyway.

Exact interference by multi-cell modelling

Interference situations are quite similar to mao#lt or multi-BS situations, except that in thisedahe
other BSs transmit a non-desired signal which exeatterference.
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5.2 Space-time concept in simulations

5.2.1 Time sampling and interpolation

Channel sampling frequency has to be finally eqodhe simulation system sampling frequency. To
have feasible computational complexity it is notsgible to generate channel realisations on the
sampling frequency of the system to be simulatdte hannel realisations have to be generated on
some lower sampling frequency and then interpoltdetie desired frequency. A practical solution is
e.g. to generate channel samples with sample gefwiter-sampling factor) two, interpolate them
accurately to sample density 64 and to apply zederohold interpolation to the system sampling
frequency. Channel impulse responses can be gededatring the simulation or stored on a file
before the simulation on low sample density. Inté&ion can be done during the system simulation.

To be able to obtain the deep fades in the NLOS\ast®s, we suggest using 128 samples per
wavelength (parameteBampleDensity= 64). When obtaining channel parameters quadiestarity
has been assumed within intervals of 10-50 wavéfengrherefore we propose to set the drop
duration corresponding to the movement of up tev&Oelengths.

5.3 Radio-environment settings

5.3.1 Scenario transitions

In the channel model implementation it is not plssito simulate links from different scenarios
within one drop. This assumes that all propagasimenarios are the same for all simulated links. The
change of the scenario in time can be simulatechiayging the scenario in the consecutive drop.

Similarly, to obtain different scenarios within raghetwork in the same drop, multiple drops coutd b
simulated — one for each scenario. Afterwards, mgrghould be performed.

5.3.2 LOS\NLOS transitions

Mix of LOS and NLOS channel realizations can beaot#td by first calculating a set of LOS drops
and after it a set of NLOS drops. This can be dpnsetting the parametePropagConditiohto ‘LOS’
and later to ‘NLOS'.

5.4 Bandwidth/Frequency dependence

5.4.1 Frequency sampling

The WINNER system is based on the OFDM access sehEor simulations of the system channel
realizations in time-frequency domain are needdw dutput of WIM is the channel in time-delay
domain. The time-frequency channel at any frequeagybe obtained by applying next two steps:

« define a vector of frequencies where the chanrmllghbe calculated
» by use of the Fourier transform calculate the cbhahdefined frequencies

5.4.2 Bandwidth down scaling

The channel models are delivered for 100 MHz RFdbaitth. Some simulations may need smaller
band-widths. Therefore we describe below shortbu the down-scaling should be performed. In
doing so we assume that the channel parametersiremastant in down-scaling as indicated in our
analyses.

5.4.2.1 Down-scaling in delay domain

There is a need for down-scaling, if the minimuniaglesample spacing in the Channel Impulse
Response (CIR) is longer than 5 ns in the simufatiéive nanoseconds is the default minimum
spacing for the channel model samples (taps) afidedethus the delay grid for the CIR taps. For all
smaller spacings the model shall be down-scaled. mbst precise way would be filtering by e.g. a
FIR filter. This would, however, create new tapghe CIR and this is not desirable. The preferred
method in the delay domain is the following:

- Move the original samples to the nearest locatiothé down-sampled delay grid.
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- In some cases there are two such locations. Thetathshould be placed in the one that has
the smaller delay.

- Sometimes two taps will be located in the sameydetsition. Then they should be summed
as complex numbers.

Above it has been assumed that the CIR sampleslega for each MIMO channel separately and that
the angle information has been vanished in thisgss. This is the case, when using the model e.g.
with the WIM implementation [WIN2WIM].

5.4.2.2 Down-scaling in frequency domain

If desired, the down-scaling can also be perforinethe frequency domain. Then the starting point
will be the original CIR specified in the delay daim This CIR is transformed in the frequency
domain for each simulation block. Then the transid CIR can be filtered as desired, e.g. by
removing the extra frequency samples, and usedtkisitnulation as normally.

The maximum frequency sampling interval is deteediby the coherence bandwidth
=1 (5.4)
° Co,’ '

whereg; is the rms delay spread a@ds a scaling constant related to fading distritti

5.4.3 FDD modeling
In next steps we explain how to obtain both uplamd downlink channel of an FDD system with

+
bandwidths of 100 MHz. The center carrier frequescarefcand fC Af :

« Define BS and MS positions, calculate the chanoelohe link, e.g. BS to MS at certain
carrier frequency f,

« Save the output structurBULLOUTPUT (see section 8.1.2)

« Exchange the positions of the BS and MS

« Calculate the other link, in this example the MB® by:
0 Using saved structur@ULLOUTPUT as fourth input argument of WIM
0 Randomizing the fast fading parametersHdLOUTPUT

0 Changing the carrier frequency t, + Af
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Part Il

6. Measurement and Analysis Results

All results of one scenario are described in orige. Each channel characteristic sub-section @&lg
path-loss) covers three topics:direct measurement results, literature review and
interpretation/discussion |.e. the following sub-sections will describe whand of results we have got
from our measurements, how well the results agnati with literature and conclude by giving reaagni
to our parameters.

6.1 Al — Indoor small office

Al propagation scenario has been measured and leddelWINNER Phase I. In Phase Il it became
obvious that the following characteristics had ¢oupdated:

i) Path-loss had to be generalized to the frequengyerd@ — 6 GHz.
i) Through-wall path-loss had to be specified.
iii) Angular spread at Base Station has to be updated tesults for omnidirectional antennas.

All other characteristics, are assumed to remaé game as in the deliverable [WIN1D54] and are
explained there in more detail.

6.1.1 Path-loss and shadow fading

In [WIN1D54] various results showed that 2 GHz platss models can be obtained from 5 GHz models
by using the free-space loss frequency depend@ice:f2 In what follows we extend the measured 5.25
GHz pathloss models to carrier frequencies fregiesriz — 6 GHz. In addition we will introduce a mbde
for path-loss through one or more walls. Based ayout of [WIN1D54], the number of walls is
determined as a function of distance. There israsduone wall per 10 meters distance, i.e. number of

wallsis n,, = \_d /10mJ, whered is the distance between BS and MS %@Eis rounding towards zero.

Penetration between floors will not be modelled¢cuse the models are used only in one floor. The
model describing the wall penetration is taken frbierature. Other models are based on our own
measurements and literature. One correction totlggnal model is introduced: The Room to Corridor
path- loss has been increased by 5 dB.

Generally it is also important to introduce thehplatss dependence on the antenna heights. In Adoimd
case it is assumed insignificant due to the clesadronment.

6.1.1.1 Al LOS path-loss
The path-loss measured at 5.25 GHz is [WIN1D54]:

PL(d) = 46.4+18.7l0g,,(d[m]). (6.1)

the shadow fading standard deviation be@g= 3.1dB in the distance range 3m < d <100m.

Extended Al LOS (Corridor-Corridor) path-loss isegi below for the frequency range 2 — 6 GHz:

PL(d) = 464 +18.7l0g,,(d[m]) + 20log,, ( f[GHZ]/5.0), (6.2)
o = 3.1d8, 3m<d <100m
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Here we take the upper bound of shadow fading standeviation (3.1 dB for 5.25 GHz), and extend the
frequency range from 2 to 6 GHz. The model corraspo the Corridor — Corridor LOS case, but it can
be used also in Room to Room cases with negligibier.

6.1.1.2 A1 NLOS (Room to Corridor) path-loss
At 5.25 GHz the NLOS path-loss is

PL(d) = 43.8+ 36.8log,,(d[m)) (6.3)

Note that we have increased the basic loss 5 dB fr88.8 to 43.8 compared to [WIN1D54] after
reviewing our results and literature.

Adding the frequency dependence and taking 5 GHheaseference, we get for the frequency range 2 —
6 GHz:

PL(d, f) = 434+ 36.8log,,(d[m]) + 20log10( f [GHZ/5.0), (6.4)

It is assumed that the shadow fading standard tiewigs constant over the specified frequency range
o =35 dB.

6.1.1.3 A1 NLOS (through-wall) path-loss

Al through wall path-loss could not be determineduaately due to too few measurements. The model
has been created using the available literature.

The path-loss (dB) for the NLOS (through-wall ) €&an be expressed as [KeM90]
PL(d,f) = 20logg(4ndf/c) + ny Lw (6.5)

where Iy = attenuation per wall
nw = number of traversed walls

The constant n, is different for different types of wall material§or light wall constructions an
attenuation per wall of approximately 5 dB has besported. For more heavy materials a value ofB5 d
can be found. Both values are taken fiddiRX98] but rounded to integer valuss the default value
we propose to use 5 dB, which describes a modamstretion with light walls. For cases with heavy
walls inside the building 12 dB is recommended.

The floor attenuation of 15.5 dB has been repoftéd)]. However, the floor attenuation will be
neglected in WINNER2 simulations, because the pgapan in only one floor is assumed [WIN1D72].

6.1.1.4 Al shadowing

Shadowing is assumed log-normal. The values ostaedard deviation are based on our measurements,
except for the through-wall case, where it is takem the literature. The standard deviations évergin
the paragraphs 6.1.1.1 to 6.1.1.3. and the coiogeldistances in [WIN1D54].

6.1.1.5 Path-loss curves for the indoor (A1) scenario
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Path-loss curves for all the different A1 sub-scirsaare shown in the Figure 7-1. For the througtitw
case there are two types of wall materials consiftelight and heavy wall material with wall
attenuations 5 and 12 dB respectively. It is assithat either of the attenuations to be used depgraf
the building type assumed in the simulation, pr&pabrresponding to the worst case.

Path Loss for A1 scenarios at 5 GHz
140

—Los
130H Room-Corr e s L
Room-Room light wall :

Y Free Space

-

—_

[ =)
T

100k ............ ............ ............ R i ............

Path Loss [dB]

agl....o. ............ .......... ............ ............ .............

8ok ............ ......... ............ b e

ok ....... ........ ............ ............ e

60 “ . i i i
6 10 16 25 40 63 100
Distance [m]

Figure 6-1. Path-loss curves at 5 GHz for the LOS érridor-corridor) and NLOS (room-corridor,
light through wall and heavy through wall) cases.

6.1.2 Angular Spreads at BS and MS

The percentiles of azimuth and elevation spreadthid Al LOS and NLOS are shown in Table 7-1. Note
that the results have been obtained from the esfilfWIN1D54] by replacing the azimuth figures it
the figures obtained for the new campaign. Theards the fact that the results were originallyaitéd

by using planar directive antennas in BS. In PHasee have concluded that omnidirectional antennas
give better models for the Al scenario. It is assdinthat changes in other channel parameters are
negligible and can be omitted.

Table 6-1: Percentiles of the RMS azimuth and eleti@an spreads.

LOS NLOS
Al angular spread _ i

Azim. Elev. Azim. Elev.

BS. O, 10% 32 5 42 6
50% 44 8 53 11

90% 59 14 66 22
mean 45 8 53 13

MS, g, 10% 26 4 34 8
50% 45 10 49 12

90% 70 15 66 22
mean 48 10 49 14

The subscenarios Al room to room NLOS (through)vwaakk assumed to have the same characteristics as
the subscenario corridor to room NLOS in Table7-1.
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6.2 A2 — Indoor to outdoor

6.2.1 Path-loss and shadow fading

6.2.1.1 Sub-scenarios

For the propagation in A2 scenario there exist sdifferent sub-scenarios. They are important mainly
for the path-loss characteristics. These sub-sgenare shortly discussed below.

The indoor to outdoor environment A2 is somewhatemmmplex than the single scenarios. Normally it
has been sufficient to model LOS and NLOS condgidfor the A2, we have to define the paths BS —
wall (indoors), penetration through the exteriodhaad path from the wall to the MS. The BS — wadth
can be LOS or NLOS depending on the BS locatiore fpénetration through the wall depends on the
wall, windows and the grazing angles both sidesvia#. Eventually the wall — MS path can be either
LOS or NLOS. In addition, the floor affects alse tpropagation.

We can recognize the following sub-scenarios fa@lysing the propagation:
a) BS near (in the room next to) the exterior Wl in WLOS (Wall in LOS towards MS).
b) BS near exterior wall, MS in WNLOS (Wall in NISowards the MS) behind one corner.
¢) BS near the exterior wall, MS in WNLOS on thgposite side of the building (wing).
d) BS far from the exterior wall, MS in WLOS.

The sub-scenario (c) will be neglected, becausgtbpagation over or through the building is assidime
highly lossy. Sub-scenario (d) can be combined (&@)Hy modelling the indoor path properly. Therefo
we will have just the sub-scenarios (a) and (k) &€tually our measurements cover only the caje (a
Case (b) will be covered by the results found ftomliterature.

6.2.1.2 Results from literature for path-loss

There is a model for penetration of the signal fraurtdoors to indoors that was created in the COSII 2
project [COST231]. The model is based on measurtmnieithe frequency range from 900-1800 MHz
and at distances up to 500 m. This means thahihoabe applied automatically in the frequencygean

2 — 6 GHz, but we believe that the basic appr@achbe used. For LOS conditions the model is ddfin
in the figure below [COST231].

Internal wall, A d d’

Wi j A

B Dty oA ——— - ----
D External wall,

g We

\— External antenna

Figure 6-4. Definition of grazing anglé and distances D, S and d. In the building an eXauwipa
possible wall layout at one single floor is shoWwhe distance d is a path through internal wallstaed
distance d is a path through a corridor withoutrinal walls.

Formula for the path-loss is given below:
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2
L /dB=32.4+20log(f ) + 20log(S+d) + We+ WG, (1- Zj +max(,,T,) (6.6)

where[, =W p andr, = a(d —2)(1—%)2.

D and d are the perpendicular distances and ® iphisical distance between the external antentha an
the external wall at the actual floor, see Figue @\l distances are in metres, frequency is inzZGFhe
angle is determined through the expressiortsm(D/S. W, is the loss in dB in the externally illuminated
wall at perpendicular penetratiére 90 degrees. WGs the additional loss in dB in the external wall
when6 = 0 degrees. Vis the loss in the internal walls in dB and p is ttumber of penetrated internal
walls (p =0, 1, 2...). In the case that therererénternal walls, as along d” shown in Fig. 4.6,

existing additional loss is determined witlin dB/m.

The following parameter values are recommendebemiodel (for 900 — 1800 MHz):

W, : 4 - 10 dB, (concrete with normal window sizeH, e&vood 4 dB)
W;: 4 - 10 dB, (concrete walls 7 dB, wood and plagtdB)

WG, about 20 dB

a : about 0.6 dB/m

In the NLOS case the total loss between isotropiermas relative the outside reference loss, Ldeitss
determined with the following equation:

L / dB = Loutside +W+WG, + max('y, I'3)-Ggy (6.7)

where I';=adand Gy= hG.

We, T'1, and d are similar to the corresponding defingiamthe section above, line of sight conditiong. G
is the height gain in dB/m. h is the height in rastabove the outdoor reference path loss leveltheor
NLOS case there are several illustrative figured explanations in [COST 231], but they are not edpi
here.

There is the following general statement abouttieulating of the penetrated power in [COST 231]:

It has been found that the best method in ordestonate the received power at a fixed locatiomiwia
building, is to consider all the paths through #adernal walls as shown igure 6-5 For each path, the
received power is determined according to the nmagtdescribed above and the sum of these separate
power levels will then be the total received powldrose paths that are expected to give rise toltossds
far greater than the remaining paths, can of couyseomitted.

The situation is depicted in the Figure 6-5 [COST]23

2

|

> <

\

4

Figure 6-5.Relevant propagation paths into a building.
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In [MOTO02] the authors discuss the propagation fromtdoors to indoors through wall openings like
doors and windows. They compare this model to tB&&T 231 model, where penetration is modelled so
that it happens at the nearest point in the wall,gerpendicularly towards the interior. The measents
were performed at 8.45 GHz and the coefficientsgaren for this frequency. The environment wasga bi
department store with glass doors. Presumablyufidibg forms one big space with shelves and pdgsib
light walls inside the building. The authors clainat their model is more precise in the case, vthere
exists openings in the wall. The formula for thegteation loss is given below.

L, /dB=W, + WG, (L- cos)’ + WG;sin(@) (6.8)

where W is the loss across the wall opening for perpendicpenetration, WGis the outdoor angular
dependency coefficient and Wis the omdppr amgidar dependency coefficient.

The angles and6 define the direction of the MS indoors and the@®®&loors (or vice versa) seen at the
wall opening. The situation can be seen in the iéigu6 [MOTO02].

Path 2 6, I:j_DGDI’ 2

Door 1 .

uuuuuuuuuuuuuu ..’.
d wms Lp
e LOS Wall Wo 4
External Wall 4
b= Dwr

-+—— Proposed Model
w---- COST231 Model

Figure 6-6. Big department store with the BS outdos and MS indoors. Main propagation path
comes through a door.

Loss from the wall opening to the indoor MS (or BS)xalculated slightly differently from that ineth
COST231 model:

L, =ad (6.9)

whereqa is the attenuation constant athik the distance between the wall opening and M%) (B

The outdoor loss is proposed to be calculated mibldels used in the macro or micro cell as apprtgria
The values for the different constants are:

WG, (dB) 20.0
W, (dB) 17.2
a (dB/m) 0.348
WG, (dB) 20.0

The values are different from the [COST231]. Reasan be the higher frequency range and also the
special type of the building. [COST231] does nacsfy the indoor angle dependence at all.

In [SS01] the authors present a theoretical moaiettfe calculation of the path-loss by integrativgr
the relevant aperture that is in this case theriextevall. The wall shall be divided in smaller elents
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and the field strength to be calculated througlsehglements to the interior of the house. Intewslls

and doors can be handled in a simplified manne¥suRs are presented compared to measurements and
the COST 231 model [COST231]. Shown results outperfthe COST 231 model. Actually this
approach could be useful in this project. The altgwback is that it is more complicated than thelet®

in [COST231] and [MOTO02]. For this reason the folasuare not shown here.

6.2.1.3 Path-loss model
Based on our measurements and the literature @itede we propose the following path-loss model:
- Path-loss is composed of three parts: i) indad®rBwall attenuation, ii) through-wall attenuatimd iii)
basic BS — MS attenuation, walls neglected.
- Indoor BS — wall attenuation is like in the A1 chahmodel.
- Through wall attenuation is modelled like in ti@&JST231].
- Basic BS — MS attenuation is modelled as in theBdnnel model (see Table 4-4).

Al indoor

Iﬁ In building: QAJ’ Through
__’:
'L_BS to \\/all X wall L

Ifr-—-——“v('Outdoors: *ﬁ
WalltoMS B4 gqutdoor

Figure 6-7. A2 Indoor to Outdoor environment. BS imoors and MS outdoors.

Now the path-loss model can be expressed as:

PL = PL, +PL, +PL,

where (6.10)
PL, =max(41 + 20 log(f[GHZ]/5)+ 227 log,, (dy[m] + d,.[m]), PLe.)

D

2
PL, =W, +WG, (1— j =We +WG, (1-cog8))’

out

PL, =ad,

This can be written for the desired A2 scenarioerghindoor scenario is A1 and outdoor scenariolis B
as follows:
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PL = PL, +PL,, +PL,

where (6.11)
PLb = PLBl(dout + din)
PL,, =We +WG, (I-cog6)’
PLin =a din

Above Pl is the free space loss, Pis the basic loss between the BS and UT alongahe d,; - dn
without wall effects, Pk is the loss inside the building andls the loss through the outer wall. The
parameters in the equation are:

d,u: = outside distance,

d, = inside distance,

D = perpendicular distance from the MS to theding wall,

a = loss coefficient for the indoor propagation,

W, = Loss through wall for the perpendicular penéarat

WG:; = Loss through wall for the parallel penetratiand

0 = angle between the normal of the wall and outgdincoming) ray

Fom our measurements the most appropriate valuethéomodel constants have been found and they
are:

We : 18 dB,
WG:: 15dB
o 0.5 dB/m.

Actually the best fit was obtained with the valud 8B/m ofa, but to make it compliant with the indoor
model through-wall loss 5 dB we selected slighibyhler value 0.5 dB/m.

Comparing these values with the [COST231] and [M2JTdbefficients we get the following comparison
table:

WINNER [COST231] [MOTO3]
W:  18dB, 4-10 dB, 17.2
WGs 15dB 20 dB 20.0
a: 0.5 dB/m 0.6 dB/m 0.348

The values from our measurements match quite wighl the ones from the [COST231] and [MOTO02]
models. It should be noted that the match betwkermeasurements and the model is not very exact:
The predicted minima for the path-loss may occutifferent places than predicted by the model. Mode
predicts the minimum path-loss at the closest pointhe inside BS. In the real world the locatiofishe
minima depend on the locations of the windows, dawrother wall openings. The minima tend also to
be sharper than predicted by the model. Howevdretable to model these phenomena would need more
precise description of the environment than is fizak In general the model is seen suitable for
describing the path-loss behaviour from inside tsiole and is adopted for the Indoor to Outdoor
scenario.

An alternative form for the path-loss is obtaingdréplacing the continuous attenuation by stepwize
Then
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PL = PL, +PL, +PL,

where

PL, =max(41 + 20 log(f[GHZ]/5)+ 227 log,, (d,,[m] + d,.[m]), PL,.)

PL, =W, +WG, [1—

PL, =My Ly

out

D J =We +WG, (1-cog(8))*

where Ry is the number of walls andLis the indoor wall loss. The default value fqy Is 5 dB.

Standard deviation of the path-loss is 7 dB ancttireslation distance is assumed the same as in B1.
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0.3r

std = 6.9dB
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—— Gaussian |
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Figure 6-8 PDF of the shadow fading of the A2 indaeto-outdoor scenario.

6.2.2 DS and maximum excess delay distribution

Table 6-2 Percentiles of the rms delay spread
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Figure 6-9. RMS delay spread. a) Cumulative densitfunction. b) Probability density function.
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Figure 6-10. Maximum excess delay. a) Cumulative dsity function. b) Probability density
function.

Table 6-3. Percentiles of the rms delay spread

Percentile Maximum
excess delay (ns)
10% 37
50% 175
90% 362
mean 194

6.2.3 Azimuth AS at BS and MS

The percentiles for the CDF functions of the argjieeads are shown in the table Table 6-4. Histogram
of the azimuth spreads of the first and fourth flace presented in Figure 6-11 a and b, respeygtiVéle
cumulative distribution functions of the all datangbined are shown in Figure 6-12 for the baseastati
and mobile terminals.

Table 6-4. Percentiles of the RMS azimuth spread.
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Azimuth spread Percentiles Sfloor 4" floor All combined
BS, 0, 10% 39.4 26.5 32.2
50% 58.9 42.9 54.8
90% 74.5 67.6 73.0
mean / std 57.4/14.4 449/15.5 53.6/15.8
MS, g, 10% 45 2.3 41
50% 24.0 21.3 22.9
90% 48.4 38.5 46.4
mean / std 26.0/16.9 21.4/14.1 24.6/16.3
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I I
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Figure 6-11. Azimuth spread of the indoor-to-outdooscenario. First floor (a) and fourth floor (b).
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Figure 6-12. RMS azimuth spread of the indoor-to-otdoor scenario. Both floors combined.

6.2.4 Cross-polarisation ratio (XPR)
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The CDF percentile values of the XPR at 5.25 GHntreefrequency in an indoor-to-outdoor
environment is shown in the Table 6-5. The direathps a path with the maximum power. XPR of the
scattered paths is calculated by merging all theareing paths into the same pool. Figure 6-13 shibe's
histogram of the XPR values and the correspondiDf G presented in Figure 6-14.

Table 6-5 Percentiles of the cross-polarization réd.

A2 indoor-to-outdoor Direct path Scattered paths
(OLOS / NLOS) (NLOS)
10% 5.2 -6.8
XPRy 50% 8.0 5.5
[dB] 90% 21.2 19.8
mean / std 8.1/10.4 6.1/10.5
10% -5.8 -8.6
XPR4 50% 9.0 4.7
[dB] 90% 21.8 17.9
mean / std 8.5/10.9 4.6/10.5
600 T 12000 T
XPRV XPRV
_XPRH —XPRH
500 - 10000 - -
» 4001 1 , 8000F
é 300 = é 6000 - =
% 200+ s % 4000
100 e 2000+
0 0

50 -50 50

0 0
XPRV and XPRH [dB] for the direct path XPRV and XPRH [dB] for the scattered paths

Figure 6-13. Histograms of the cross-polarisationatios. Direct path (a) and scattered paths (b).
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Figure 6-14. CDF of the cross-polarisation ratiosdr indoor-to-outdoor scenario.

6.2.5 Power Delay Profile

Power delay profiles for the A2 Indoor to Outdocesario have been shown in Figure 6-15 with two
different dynamic ranges. Dual slope model fitiewn in the figure b.
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Figure 6-15. Power Delay Profile for A2 Indoor to Qitdoor scenario. a) All data. b) Data for
dynamic range 20 dB.

The formulas for the different segments are shawthe figure: The time constants are 38 MHz and 15
MHz for the first and second segment, respectively.

6.2.6 Proportionality factor of the delay
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Figure 6-16. a) Distribution of path delays. bdpurtionality factor .

6.2.7 Power Angular Spectrum and main DoA offset

Power angular spectrum (PAS) is a distributionha&f power over the DoD/DoA angles. It is calculated
from the super-resolution data by directing the Ldd®ction towards the other terminal. The shifd@ne

for the Power-DoD-DoA multi-dimensional matrix feach snapshot. Figure 6-17a shows the PAS for the
BS and the MS where MS is outdoors and BS indddis.main DoA offset is the difference between the
mean angle and the LOS direction and is present&tjure 6-17b.
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Figure 6-17. Power angular spectrum for the BS anthe MS in (a) and the main AoA offset in (b).

6.2.8 Number of clusters

The number of clusters is calculated from SISO dgtzounting the maxima of the PDP. This slightly
differs from the number of clusters calculated fribva super resolution data. Figure 6-18 shows e C
and the PDF of the number of clusters. Percertilése CDF are shown in the Table 6-6.
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Figure 6-18. Number of clusters extracted from IR Igft) and ISIS (right) data.

Table 6-6. Percentiles for the number of clustersxéracted from IR / ISIS data

Percentile # of clusters from IR # of clusters frt8iS
10% 2.0 7.5
50% 7.0 10.6
90% 16.0 13.5
mean 8.5 11.0
6.2.9 Time evolution of clusters
Histogram of cluster lifetimes Histogram of cluster lifetimes
80 . . . T . . 1800 : r - r .
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Figure 6-19 Histograms of the cluster lifetime fotwo different measurement routes.
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6.2.10 Per cluster shadowing
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Figure 6-20 Per-cluster shadowing standard deviatiofor two measurement routes.

6.2.11 Ricean K-factor
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Figure 6-21. Narrowband Ricean K-factor. a) CDF. bHistogram

Table 6-7. Percentiles of the narrowband Ricean Kafctor.

K (in dB) A2 NLOS
10% -2.4
50% 3.2
90% 9.0
mean 3.2

6.2.11.1 Literature research

In [KP02] the authors specify the spherical Outdimomdoor power spectrum. They assume it separable
for the spherical angle coordinatésnde. The authors test measurement results at 1890 afjdinst
different commonly used models, like Laplacian &walussian functions, and a model called statistical
and specified in [AP02]. It turns out that thiststical model fits best to the measurement resilts
assumed that the statistical model can be writiehéa form
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P(¢.6) = B, (¢)P, (6)
and
P,(¢.6) =P,(¢9)P,(0)

The formula of the statistical model for the powlestribution in angle coordinat@sor ¢ is:

S2

P(a) = S—
s? +(sina -sina)?

where s=sin’a —(sina)?

In the formulaa represents eithéror ¢ as required.

The formulas are simplified by assigning Efsin= 0. This means that the power distribution éfired
relative to the mean direction of arrival. In adtitthe formula is approximated by a constant famf
the main direction. The we get [AP02]

>+sin’g

P(¢) = J_

Pg@F@%

Sy, tsin“ @

2

P,(¢) = %
o) \/Eswz+sin2¢

2

P,(6) = @
+(0) ‘/Esw2+sin20
when -Z<@<Z and

-Z<f0<z2

P (@) = \/Eaeo

d

an
Po(@) = A, (30 ~bylé)
when -m<@p<-Z or
Z<gpsnm

Note that the anglé has been speciied fromx/2 ton/2. The definitions above mean that thpolarised
power reaches maximum in the directionfof 0 ande = 0. The power decreases until the= + 90
degrees and = * 90. Same is true fop-polarised power, but it should be noted that theokute
directions of the two maxima may be different. (3E€02].) These two ranges specify solid angle
containing the half space. In the opposite halteflaremains constant over 180 degrees in the opposite
side of the maximum. The-polarised power on the other hand decays lingartile same region until it
reaches the minimum exactly in the opposite dioectompared to the maximum (of tipepolarised
power).

The measurement results have been shown as fitpgesher with the different modelling functions.
Also the parameters for the best fitting statidtivmdel have been expressed, but the values lik&S RM
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azimuth or elevation spreads have not been givesmFEhe figures it can be estimated that the sgread
are approximately:

Value Note
RMS AS off-polarisation 25 Original polarisation
RMS ES of 6-polarisation 17 Original polarisation
RMS AS ofe-polarisation 100 Cross-polarisation
RMS ES ofp-polarisation >70 Cross-polarisation

1) ES means elevation spread.

At the same time, XPR was evaluated. Mean XPR waglB. This means that the total energy cross-
polarized has been quite high. One possible reasihe used horn-antenna. It is also noteworthy tthex
cross-polarized power is spread in much highedsaiigle than the original polarisation.

In [Rudd03] measurements are reported that wereneed using BS station installed | a balloon & b
able to measure the penetration into typical housedK at frequencies 1.3, 2.4 and 5.7 GHz. The
arrangement allowed to obtain the losses as fuaifoalevation angle. Also the loss dependence on
building floor was examined. The most interestiegult is that the curves for 2.4 and 5.7 GHz ameat
identical. For elevation angles from 0 to 30 degré® reported loss was almost constant and 14.5 dB
could be used as a common value. The dependerft@omvas not very clear and will be omitted here.

The authors of [SCTO03] describe signal penetrativpnugh window at several carrier frequencies. The
case is such that the loss across the window ifigitelg and through the wall it is much higher,
apparently more than 20 dB at 10 GHz. It can bdyeasen that in such a case the attenuation of the
signal will depend on the area of the window (netjhgy the propagation through walls) almost dingctl

At the same time the transmitted power, assumimgamgation from inside to outside the building, is
concentrated on a beam determined by the windoavi-ggure 6-22 and Figure 6-23 [SCTO03].

Figure 6-22. Transmitted power concentrated in sali angle determined by Tx near window (a) and
Tx far away from one (b).
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Figure 6-23. Measured and predicted relative beam iths for a) Tx nearby the window and b) Tx
far from the window. The carrier frequencies are flom to to down: 0.5, 10 and 18 GHz.
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The authors of [WOT99] describe and analyse theiasarements. Wideband measurements were carried
out in Oxford, UK at 2.4 and 5.7 GHz, covering axthaidth of 80 MHz for static outdoor to indoor
scenarios. Mean excess delay, RMS delay spreadRit@l azimuth spread for the indoor terminal are
given in the table below.

Urban  Suburban Rural
Mean excess delay (ns) 34 22 13
RMS delay spread (ns) 37 24 19
RMS azimuth spread 89 81 67

Number of multipaths per cluster and cluster RM&ylespread and RMS azimuth spread are shown
below for clusters with more than one path.

Urban Suburban Rural
Nr. of multipaths per 1.7 15 1.6
cluster (all clusters)
RMS delay spread (ns) 21 12 11
RMS azimuth spread 7.0 8.8 8.4

The RMS azimuth spreads are quite high indictimgoest uniform distribution in azimuth of the recadve
power.

In [DDAOO] the authors discuss theoretically progiémn from outdoors to indoors. They claim that the
RMS delay-spread remains about the same when mdrang outdoors to indoors. The RMS azimuth
spectrum may be greater indoors due to inhomogeaneall construction, which gives rise to reflecgon
that cause broadening of the azimuth spectrum. Moalevalues given are 10 degrees for outdoors and
15 degrees for indoors. We understood that theéniexat neglected the reflections inside the building
Probably this has only small effect on the delagead. On the other hand, for the azimuth spread the
effect could be considerable.

In [WAE+04] the Outdoor to Indoor propagation aR 55Hz is investigated by measurements. The
environment, where the measurements were condustadyuilding of Lund University in Sweden. The
transmitters were placed on the roof of a threerflwing of the building. Receiving locations were i
another wing in the second floor, 17m apart fromttlansmitter wing. Three Tx locations were usdte T
receiving locations were i) in rooms against noméll facing the transmitter locations, ii) in rooms
against south wall facing away from the transmsttand iii) in the corridor between the north andtko
facing rooms.

The mean RMS angular spreads were:
DOA: 39.6, 42.0 and 44.4 degrees for north, lsamid corridor locations respectively.
DOD: 9.4, 8.4 and 10.1 degrees for north, santh corridor locations respectively.

The values of the DOA spreads fell in the range®b8 degrees for the north and south rooms and the
corridor. Similarly the DOD spreads fell in the gen2.5 to 26 degrees. The reported mean RMS delay
spreads were :8, 13 and 10 ns for north, southcanddor locations respectively. The values ranged
from 2.5 to 30 ns.

Also the relative power included in the paths wagestigated as a function of the number of paths fo
part of the locations. Typically 70 % of the topalwer was obtained with 10 paths, 80 % was obdaine
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with 20 paths and 90 % was not quite obtained Wiihpaths. On the other hand, 80 % or more of the
received power was included in 40 paths in mor&o/&f all locations.

In [WMA+04] same authors discuss some statisticapprties of the Outdoor to Indoor channels in the
same measurement as in [WAE+04]. They show thatsfgeals are normally Ricean distributed,
although some deviations may occur due to shadowfritpe antenna elements. They also investigate
Ricean K-factor of the channel impulse responsd®)CThe values ranged from 0.3 to 6.3 dB. The
authors also show that the joint AOA and DOA ardj#ributions are not separable. This means tteat th
Kronecker model is not applicable in the Outdooirtdoor (and thus Indoor to Outdoor) scenario. One
interesting detail in these joint distributionsthsit the rays seem to arrive mostly at 50 degreeasbn
angle. This would be easily explained, if there lddue windows near the ceiling in the receivingmso

In [MHA+04] the authors discuss a measurement cagnpavhere the BS with a directive antenna is in a
window at &' floor, in a position that imitates being out ofods. MS location was varied in five locations
per floor at three floors, namely floors 4, 6 and=Bor 8 was almost in LOS condition, floors 4 &hd
slightly in NLOS. In the reference there was a ifiedacapacity discussion. For our purposes we could
find the following results:

-Heat protective window coating cause more thadB@xtra loss in the connection.

-Path-loss ranged from 0 to 30 dB above the fpeees loss depending on the existing or missing
LOS condition. In the higher storeys the path-Mas smaller.

-RMS angle spread was relatively high at MS, addcbe seen in the figures, and
correspondingly much lower at BS, which is verglerstandable due to the geometry.
-Measured correlation length was about 4 wavettengt BS and % ... 1/3 wave-lengths at MS.

Unfortunately the authors do not present more nigaewvalues for these data, but concentrate on
capacity.

[Cha03] discusses the outdoor to indoor propagattcd GHz. The transmitter was placed outdoors at a
low height, 1.5 m below the E floor. (ground ??®addurements were conducted at first and second floo

The relevant results of this article are the follogv
- The additional attenuation in the corridors \whsut 20 — 25 dB for 5 to 10 peoples moving in
the corridor.
- Ricean K-factor was 21.3 dB in first floor an®.7 dB in the second floor.

In the analysis we start with the following assuimms:

6.3 B1 — Urban micro-cell

Most of the parameters are analysed in Phase | MUBM].
6.3.1 Path-loss and shadow fading

6.3.1.1 Frequency extension for B1

In D5.4 the PL models for B1 urban microcells igutar street grid environment read as

PL,os = 22.710g,,(d,[m]) +41.0  10m<d <650m

PLy os = 0.096* d,[m] + 65+ (28-0.024* d,)log,,(d,[m])  10m<d, <550m, w/2<d, <450m(6.12)
hgs =8m,hy,s =2m

Results in [KIO4][OTT+01][SMI+02] show that pathde shows fairly closely 20lggff) frequency
dependency in range 0.5-15 GHz.

Corner loss characteristics (transition from LOStdS) as a function dfwere examined in range 3-15
GHz in [SMI+02]. With BS height 10 m path loss degency onf in this case was reported as
26.3log(f), which is slightly greater than just that due wavelength difference. However, different
frequency scaling for LOS and NLOS models woulddlga difficulties in model (dis)continuity.
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Therefore we prefer to choose for all the casesdme frequency scaling 20lgd), wheref is the target
frequency in GHz (between 2...6 GHz).

6.3.1.2 Range extension for B1

In [MKAO2] the existence of breakpoint (for two-pi® LOS modeling) was examined at frequencies 3, 8
and 16 GHz. It was found that if MS height is clésghe average height of pedestrians and carfen t
street (~1.5 meters) no breakpoint was observethelMS height was increased to 2.7 meters, which i
clearly above the average height of cars and pealest the breakpoint becomes visible in the Pliteca
plot.

If we assume that for WINNER microcellular chanm&ldels the typical MS height is ~1.5-2 meters and
BS height ~7-10 meters, then breakpoint modelingpisneeded in microcellular PL models for MS-BS
distances below 1000 meters. For other MS heigidd@nger ranges, however, it needs to be taken int
account. Therefore a two-slope model with effectiegght breakpoint is proposed [MKAO2] [OTT+01]:

Rbp - 4(hBS ~ ho L(hMS ~ ho) (613)
After the breakpoint the propagation slope is sefour. According to [MKAO2] the effective height

varies according to traffic conditions from 0.5 (oolow traffic) to 1.5 (heavy traffic). Here wesasne
moderate traffic conditions, and $gt1.

Now the range extension for B1 LOS model is propgase
PL, s =22.710g,,(d;[m]) + 41+ 20l0g,,(f[GHZ/5),  d, <R, (6.14)

PL, s =40l0g,(d,[m]) + 41-17.3l0g,(R,,) + 20log,,(  [GHZ]/5), d, 2R, (6.15)

In above the transition at breakpoint distanceastiauous. In addition we should assume BS height
clearly above the ground level so that the modiédis a microcellular connection and not peempter.
Therefore we propose the following ranges: 5 fmss< 20m and 1.5 m fys < 20 m, where the upper
limit is assumed still below rooftop level. Thistle best guess range extension to the B1 LOSIpssgh
model without suitable measurement data availafilee maximum range is how assumed to be several
(“as many as needed”) kilometers. Note that then®ilel is now the same as for B5c fixed stationary
feeder below rooftop to street level model. Figeu24 illustrates the two-slope model with breakpdan
different BS and MS heights at 5 GHz frequency.

For B1 NLOS model we slightly modify the equatidaen in [ZRK+06], and propose
PLy.os = PLyos(dy[m]) +20-125n; +10n, log,,(d,[m)) (6.16)

This is valid ford, > w/2, wherew is the street width. Minimum allowed street widtl¥7 m, and
proposed default w=15 m. Minimum street width diifam is needed to ensure that NLOS path loss is
always greater or equivalent than the LOS path fossselectedd;. B1 LOS-NLOS transition is not
modeled or defined, and if needed, it can be dyéaterpolate between LOS and NLOS values.

Note that the frequency scaling is included inabeve NLOS model through the fidtdependent term.
In the original B1 NLOS model the propagation exgnalong the perpendicular street decreases with
increasingd; distance as [ZRK+06]

n; = 28-0.00241,[m| (6.17)

This approach was based on measurements, and Yaliddor d; < ~400-500 m. With increasingj the
propagation exponent becomes unrealistically smdlich has not been confirmed by measurements.
Therefore we assume that for valugs ~400 m the exponent remains the same asdyith400 m, i.e.
1.84:

n, = max(28-0.00244,[m], 184) (6.18)
Examples of the extended B1 NLOS models are shaviigure 6-24.
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Figure 6-24: Left: Examples of two-slope path lossodel for B1 LOS with different BS and MS
heights. Right: Examples of B1 NLOS path loss modeMwith different d;.

6.3.1.3 Path loss model for WINNER 1l

As a summary, the following set of equations ispesed for path loss models for B1 with BS heightt an
carrier frequency variation between 2-6 GHz.

The path loss model for urban microcellular B1 Li®S
PL, s =22.7l0g,(dy[m]) + 41+ 20log,,(f [GHZ/5), d, <R,

PL, s =40l0g,,(d,[m]) + 41-17.3l0g,(R,,) + 20log,,(f [GHZ]/5), d, 2R, (6.19)
with Rbp =4 (th _1)/](hw|s _1)

and for NLOS microcells as
PLyos = PLios(d; [m]) +20-125n; +10n; log,,(d,[m]) (6.20)

with n, =max(28-0.0024* d,[m|, 184)

We bravely propose the validity ranges as
d, =10m..5km d, =w/2..2km (w>7m) hys=5..20m h,s =15..20m f =2...6GHz

6.3.2 Rms delay spread results by CU/CRC

As described in Part Il, section 6, CRC urban ndellomeasurements were made in two separate, but
similar, experiments. These were conducted orewifft days in the same measurement area, with the
same simulated BS Tx site on Laurier Avenue betwBenk St. and Kent St. in downtown Ottawa.
During one experiment, 5 mchps, 511 chip PN seqeneere used for quasi-simultaneous channel
soundings at 2.25 GHz and 5.8 GHz. The snapshetwas 750 snapshots/sec, and measurements in the
2.25 GHz and 5.8 GHz bands were recorded sequgnti@th bands being sampled within a time
interval of 205 microseconds. During the other expent, 50 mchps, 255 chip PN sequences were used
for quasi-simultaneous channel soundings at 2.2% @hd 5.8 GHz. The snapshot rate was 400
snapshots/sec, and 4 PN sequence lengths wereleddoreach band for noise averaging. Measurements
in the 2.25 GHz and 5.8 GHz were recoded sequsntiaid data from both bands were recoded within a
time interval of 20 microseconds. Measurement ipatars were different for the two experiments to
meet requirements for other measurement objectivasdiscussed here. Back-to-back calibratiorstest
were conducted prior to all experiments, and thekewed equivalent equipment delay spread
characteristics in the two bands, for each chie.rat

Using data from each experiment, estimates wereern&&ISO channel rms delay spreads in both bands
from average power delay profiles (APDPs) corresipunto 1-sec-long time series. All APDPs were
thresholded at a value of -20 dB with respect takpgower prior to the rms delay spread calculations
Two comparisons were made based on the results.
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The first comparison was of rms delay spreadsentwo frequency bands, given the same chip raig. F
7.3.2-1 shows a scatter plot of the results fromm8hmchps soundings, and Fig. 7.3.2-2 shows aescatt
plot of the results from the 50 mchps soundings.
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Fig. 7.3.2-2 Rms delay scatter plots for 50 mchps
SISO channel soundings in Ottawa.

It can be seen from both figures, that, excephaltOS/5mchps case, rms delay spreads were gedater
2.25 GHz on most of the measured street sectiBesisons for this are not clear at the time of mgitiIn

the LOS/5mchps case, rms delay spreads were gr&afe8 GHz on 61% of the 36 street sections for
which data were analysed. In the NLOS/5mchps aasg,delay spreads were greater at 2.25 GHz on
72% of 170 street sections. In the LOS/50 mchps MbOS/50 mchps cases, rms delay spreads were
greater at 2.25 GHz on 58% of 110 street sectmms$,68% of 120 street sections, respectively.

While the above scatter plots show comparisons detwthe results for each street section, CDFs are
required to show statistics associated with theselts, when all locations throughout the measun¢me

area are considered. Fig. 7.3.2-3 shows experatigtetermined CDFs for all four cases discussed i
the foregoing.
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As one would expect from examination of the scattets, it is clear from Fig. 7.3.2-3 that in alises,
except the LOS/5mchps case, rms delay spreadsshgndly greater at 2.25 GHz for all percentilefieT
difference between the 5 mchps and 50 mchps sogmaisults is also clear from this figure. As the
sounder chip rate, or system RF bandwidth increases delay spread values decrease. It is to be
reported in [GRZO7] that plane wave simulationsjngssingle-interaction geometrical multipath
propagation models show that there is nonlineatr,nbenotonic relationship between rms delay spread
and PN sounding system chip rates. As chip rag®ase, rms delay spreads decrease, then leval off
the chiprate that results in resolution of most tipath components. Simulations tuned to give the
experimental values plotted in the foregoing, bdtapolated to 200 mchps show that the initial slop

the decrease is steeper in LOS than in NLOS casé$) both cases, rms delay spread values leVeitof

a minimum, for chip rates greater than about 40pach

In the LOS cases, the median rms delay spread astihwith the 50 mchps sounder at both 2.25 GHz
and 5.8 GHz is about 22 ns. The correspondirfy @centile is about 50 ns. That in NLOS cases is
about 190 ns at 2.25 GHz and 160 ns at 5.8 GHzc®hesponding 90percentiles are about 282 ns and
296 ns, respectively. Although KS tests would lifkehow that the differences in these experimental
results are not very significant, the scatter ploticate that 2.25 GHz rms delay spreads are dquak
slightly greater than 5.8 GHz rms delay spreadsllicases. Careful calibration measurements hade |

to the conclusion that this is not a result of elifhnces in measurement equipment and antenna
characteristics in the two frequency bands.

6.3.3 LOS probability

Line-of-sight probability results from the LOS réngcing simulations are presented in Figure 6-2&& T
solid lines in the figure were obtained by averggimulation results over six base station location
Each of them corresponds to a different base staight. The formula for the LOS probability for
scenario B1

P_LOS = min(1, 20/d)

produces a fairly good fit to simulated curves dobase station height of 10-20 m, typical for the B
scenario.
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6.4 B2 — Bad urban micro-cell

See section 6.1@r bad urban macrocells. The modelling procedargiven in 4.2.1.

6.5 B3 — Indoor hotspot

Parameters are analysed in Phase | [WIN1D54].

6.6 B4 — Outdoor to indoor

Outdoor to indoor measurement scenario is describgilVIN2IR111]. Outdoor-to-indoor scenario in
urban macrocell environment (C4) is not discussgrhrately in this document because the model for C4
is the same as for B4. To attain indoor coverdge putdoor BS needs to have LOS to the buildingrevhe
the MS is located. Hence, the BS antenna heigintdkevant, it could be below or above rooftop lleve
Furthermore, the channel from two different bagasta to the same terminal indoors is uncorrelated
terms of slow and fast fading. In outdoor-to-indsoenario B4 the MS antenna height is assumed &b be
1 — 2 m (plus the floor height), and the BS anteimeight is below roof-top. Therefore, the measumgse
performed for this scenario are targeted for CGropetlitan area and microcellular environment (B1).
The corresponding indoor environment is Al. Beldve tanalysis results of the measurements are
described. The measurement results given in nexibss are analysed and measured in the Unives$ity
Oulu (UOULV), Finland

6.6.1 Path-loss and shadow fading

6.6.1.1 Measurement results

Path loss and shadow fading are considered asdbeimportant parameters in channel modelling. Path
loss (PL) denotes the loss of signal power betwkhentransmitter (Tx) and the receiver (Rx) and
shadowing or slow fading is the variation of PL.

The threshold for an effective path in impulse oese (to be taken into account in snap shot’s power
calculation) was set to 20 dB below the power @f thaximum peak in the power delay profile (PDP).
All the paths in IR that were below this limit, veeremoved. Furthermore, the dynamic range of the sn
shot’s peak path’s power was checked. The limiitfaras set to 23 dB above the noise level. ¥ thmit

was not met, then the snap shot in question wasamied. The effect of fast fading was removed by
averaging over a small distance. Due to the indoosironment in the receiving end and the applied
frequency of 5.25 GHz, this distance was not biglgan 1 meter which corresponds to 13 wavelengths.

The PL is calculated as wideband path loss as
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PL =10* loglo(ZN:|n|2) +G; + Gy,
t=1

whereN is the number of effective pathh[ is the channel coefficient fdardelayed path ands; and

Gy are the antenna gains at Tx and Rx, respectiVély.path loss model or expected path loss (EPL) is

derived using a linear polynomial fit of the measurPL vs. distanc&l between Tx and Rx. The
polynomial fit will produce a formula

PL =B + Alog10(d) = B+10nlog10(d),
wheren is the path loss exponent aRds the PL intercept.

The measurements were conducted at the Universityutu, which consists of 3-5 floor office type
buildings in a narrow street-like grid with soméypark-like openings. The width of the corridors-3.5
meters. The building walls are mainly concrete aar@ approximately 30 cm thick. However,
occasionally glass walls are encountered. The rndtes was located outside in a height of 6 metard
Rx moved along corridors in four floors.

The path loss curves for free space PL, measuredn@lfitted PL model can be seen in Figure 6-26 a.
The measured PL is shown as black dots, the fraeespL as blue dashed line and the fitted (in least
squares sense) model is shown as red solid linee RL formula is shown to be
PL=6426+2117log,,(d) in dB and the path loss exponent is therefore.2l'h®s formula is valid for

ranges of 3-100 meters. Shadow fading is the vanaif the PL. The probability distribution functio
(pdf) is shown in Figure 6-26 b. The fitted modgh@gwn with red dashed line) is lognormal distriloute
with shadow fading standard deviation of 6.9 dBheTcorrelation distance for shadow fading was
calculated to be 3.4 meters.
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Figure 6-26: a) Path loss curves and b) shadow fawj distribution

In Table 6-8, the path loss values in dB are gieerdour cases where the number of concrete walls
between Tx and Rx varies.

Table 6-8: Path loss dependence on the number of lisabetween Tx and Rx.

# of walls / distance 1wall/3.7 2walls/ 7.3 3walls/11.5 4 wdll$5.6
(m)

Path loss (dB) 69.9 78.9 87.6 92.9
Free space loss (dB 58.2 64.1 68.1 70.7

6.6.1.2 2.6.1.2 Literature review

There are some outdoor to indoor measurement cgmpaeported in literature but very few of them
discuss path loss or shadow fading.

In [SS01] a propagation loss model for LOS outdoandoor scenario is proposed. Measurements to tes
the validity of this model were carried out at 23d 5.184 GHz in three different U.K. cities ahd
proposed model is said to be in agreement withrteasurements.
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In [MHA+04] the measurements were performed in &ist part of city of Stockholm with mostly office
buildings at 1947 MHz. The base station was platealwindow at the'floor of an office building and
the mobile at 6 different locations on three ddfar floors of another office building. The distance
between them was 300 m. The average path loss ne@asot results are pictured in Figure 6-27. Path

loss of more than 20 dB in excess of free spacewas measured even in LOS condition. This was due
to heat protective window coating.
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Figure 6-27: Average path loss measured at each lt@n and array orientation. The solid line
corresponds to free space loss and the dashed linefree space loss + 22dB.

In reference [CKCO03] the transmitter was placedioigt a building where the receiver was moving & th
corridors on the first and second floors and thasneements were conducted at 2 GHz. The maximum
distance between the transmitter and the receieer 1% meters and the maximum RF output was +13
dBm. The path loss exponent was observed to beeobtder -1.0 for both floors. Path loss for second
floor is presented in the figure below.
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Figure 6-28: Signal attenuation on the second floaat 2 GHz.

[MOTO02] proposes an outdoor-to-indoor path loss ehddat considers the paths through wall openings.
The measurements were conducted at a departmeatattd.45 GHz and the transmitting antenna was at
a height of 14 meters. The path loss model asstinashe loss is a sum of outdoor propagation loss,
wall opening penetration loss, and indoor propagakdss. The measurements show that the penetration
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loss of wall openings ranges from 5 to 28 dB witlmaan value of 17.2 dB. The indoor attenuation
coefficient was measured to be 0.348 dB/m.

6.6.1.3 Interpretation of the results

The results show that a concrete wall attenuatessitinal approximately 9dB. This is in the range of
values reported in [MOTO02]. The measured path éogmnent of 2.12 is also very understandable and in
line with the values reported in [WIN1D54].

6.6.2 RMS and maximum excess delay distribution

2.6.2.1 Measurement results

The measurements were conducted at the Univers@®utu. The Tx was located in a lifter in a heigifit
6 meters, which corresponds to approximatéf3? floor in the building. The results are analyzee@mov
several routes in different floors of the building.

In Table 6-9, the distribution of RMS delay spréadnvestigated in eight cases when Rx is moving in
floors 1,2,3 and 4. R stands for room, C for caridnd w for window.

Table 6-9: RMS delay spread statistics in differenfloors and different office environments

Stat (ns)\Floor # Floor 1 Floor 2 Floor 3 Floor 4

R (w) R (large w) C (w) R (w) Cw| R(Ww C(w )
Mean 139 28 50.4 27.1 78.6 25. 48.9 46
Std 25.7 20 16.9 21.2 51.5 16.1 17.6 28
10% percentile 106.5 7.9 31.2 5 27.9 7.4 25|5 186.
50% percentile 136.1 21.3 47.5 17.4 52]7 22,2 47.4 447
90% percentile 175.8 55.6 73.3 59.5 157.9 4.7 74.588.9

In Figure 6-29, the cumulative distribution functigcdf) of the measured RMS delay spread and its
normal distribution are shown. The normal distribntapplied values 64.9 ns and 42.7 ns as mean and
standard deviation, respectively. The correlatigstatice of RMS delay spread was found to be 9.2

meters.
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Figure 6-29: Cdf of RMS delay spread.
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In Table 6-10, the RMS delay spread is investigatedn the number of walls between the Tx and the Rx
is changed from one to four. These measurements static, i.e., the Rx did not move.

Table 6-10: RMS delay spread statistics in differenfloors and different office environments.

# of walls

1 wall 2 walls 3 walls

4 walls

RMS delay spread (ns

6.8 15.0 24.9

78.6

In Table 6-11, the maximum excess delay spreadlisibn is shown for eight cases when Rx is moving
in floors 1, 2, 3 and 4.

Table 6-11: Maximum excess delay spread statistigs different floors and different office

environments

Stat (ns)\Floor # Floor 1 Floor 2 Floor 3 Floor 4

R (w) R (large w) C (w) R (w) Cw)| R(Ww C(w (EY)]
Mean 573.6 220.8 316.5 254.7 4038 283 338.6 3138.1
Std 41.4 188.9 146.9 226.8 19214 2043 143.6 29p.6
10% percentile 510 60 160 50 18( 60 140 30
50% percentile 600 110 260 90 43( 12p 300 230
90% percentile 610 510 530 550 650 550 530 940

In Figure 6-30 the cdf for maximum excess delayagris shown together with normally distributed cdf
model. The calculated mean maximum excess delaadpralue is 364.8 ns and standard deviation is
196.5 ns. The correlation distance of the maximuoess delay spread was found to be 8.8 meters.
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Figure 6-30: Cdf of Maximum excess delay spread.

6.6.2.1 2.6.2.2 Literature review

In [WAE+04] radio channel measurements were peréatrat 5.2 GHz and a signal bandwidth of 120
MHz in outdoor-to-indoor office propagation scewain Lund University, Sweden. In the measurements
the transmitter was placed on three different iocst on a roof top and the receiver was in an effic

1000
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building southwards from the transmitter. The reeeiwas either in the northern rooms which were
nearest to the transmitter, in the southern roomi ahe corridor between the northern and southern
rooms as pictured in Figure 6-31 [WAE+04].

mmm“mmw Roof
N

S L

i _Ofﬂma

glz|glg|a|B8| &8 [~
A4 Condor

NERERE 1R E e

Figure 6-31: Measurement location in reference [WAEQ4].

The rms delay spread was about 7-10 ns for hathefcases when the receiver was located in the
northern rooms. The rms delay was 12-15 ns foré&@gnt of the cases when the receiver was located i
the southern rooms and for the corridor about Bltms depending on the transmitter location orrdloé

top. The delay spread was observed to be in tlgerah5-25 ns.

In [AHYO06] the rms delay spread of the channel liserved to be approximately 40 ns for half of the
channel samples. The measurements were conduchke2babHz and 100 MHz bandwidth in the campus
area of the university of Oulu, Finland. The traiteenwas located outside a building at a height ®im
and receiver was moving in a laboratory room orfitisé floor of the building at a height of 1.3 m.

In [WOT99] wideband measurements were carried o@&.44 and 5.74 GHz in Oxford, UK for static
outdoor-to-indoor scenario using dual channel wesétwork analyzer. The measurement bandwidth was
80 MHz. Measurement environments were categorintm urban, suburban and rural. The RMS delay
spread for multipath arrivals was measured to Be&24+20 and 1948 ns for urban, suburban and rura
environments respectively. The mean excess delay34&10, 22+30 and 13+8 ns for urban, suburban
and rural environments respectively. When movimggfrurban to suburban and rural environments, the
RMS and mean delay spread decreases. After groupiripath arrivals into clusters the RMS delay
spread was 21+3, 12+6 and 11+3 ns for urban, salouaind rural environments respectively.

[CO2] reports measurements at 3.6-4.2 GHz bandimsiy of the Communications building, in Rome,
Italy. The building is 8 floors, 25 meters high ddeshaped. The transmitter was placed on the tdpeof
other wing of the building and the receiver wascpth at seven sites inside the opposite wing. The
distance between the transmitter and the receiasr4@-60 meters. Example of the obtained mean gxces
delay and RMS delay spread are pictured in FigeB2 &nd Figure 6-33 [C02] respectively.
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Figure 6-33: RMS delay spread.

2.6.2.3 Interpretation of the results

Measured delay spread values are relatively largmpared to literature. However, delay spread
calculations are highly dependant on the way thestiold level is chosen, i.e., the way we choosietwh
delay taps are taken into account and which are not

In our measurement analysis, the threshold wain setch a way that all the taps that are less #tadB
below the level of the peak power, were accounted furthermore, the dynamic range of a snap shot
was required to be at least 23 dB in order to mew@ated for in the analysis. Another option is étest
those taps that are more than, for example, 3 @Bethe noise level as effective taps. If this radthad
been applied the delay spread results would haen tegher, approximately 1.3 times the values
presented in Section 2.6.2.1.

6.6.3 Azimuth AS at BS and MS

6.6.3.1 Measurement results

Azimuth angle spread is calculated as describg8@PPSCM] from DoA, DoD and path powers. It is
known as circular angle spread. In the analysislt®3x is considered as the outdoor base staB@®) (
and Rx as the indoor mobile station (MS).

In Table 6-12, the azimuth angle spreads for défieenvironments in four different floors are givéin
can be seen that the azimuth spread values antto®ii MS are significantly higher than the ones in
outdoor BS.
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Table 6-12: RMS azimuth angle spread in differentlbors.
Stat (degrees) Floor 1 Floor 2 Floor 3 Floor 4
Floor # R (W) R(argew)| CW)] RW| Ccw RMW CM0w ®)
Mean 16.6 21.9 13.7 12.0 14.4 8.6 12.5 9.4
Tx Std 12.1 9.4 8.9 7.1 10.8 34 11.3 4.8
Ou)) 1% 2.8 9.2 15 6.0 16 48 1.2 5.9
50% 16.7 21.0 134 10.5 13.7 8.2 9.1 7.8
90% 32.9 34.6 235 19.7 29.5 12.)7 30.5 1417
Mean 74.6 62.3 61.4 55.0 65.7 65.p 62.0 72|12
Rx Std 7.1 13.5 15.6 18.8 15.0 13.5 16.0 14)3
(In) 10% 66.0 46.1 40.6 30.7 46.( 44.8 4211 52|11
50% 74.3 60.8 62.2 52.6 65.9 67.6 61.[7 764
90% 84.3 81.7 81.2 81.7 85.4 80.0 835 85(7

Corresponding values for both terminals averageer @l routes are shown in Table 6-13. The cdf
curves, based on the values in Table 6-13, arersiowigure 6-34.

Table 6-13: RMS azimuth angle spread averaged ovetl routes.

Probability of azimuth spread < Abscissa)

Stat (degrees) Tx (outdoor) Rx (indoor)
Terminal
Mean 17.3 60.8
Std 12.6 17.0
10% 2.9 38.1
50% 14.2 61.4
90% 36.5 82.8
CorrDist (m) 10.6 6
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Figure 6-34: Cdf for RMS azimuth spread for both teminals.
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6.6.3.2 Literature

In [WAE+04] angular spread and rms angular spreateweported. The measurements were performed
at 5.2 GHz and bandwidth of 120 MHz in Lund UnivtsSweden. The transmitter was placed on a roof
top [WAE+04]. The receiver was placed in the nomth®oms, in the corridor and in the southern rooms
The angular spread at the indoor link was meastodoe 30-55 degrees and at the outdoor link 4-20
degrees. When comparing the rms angular spreatle atceiver end (DOA), the transmitter position
does not affect the rms spread or the mean angptaad. At the transmitter end (DOD) the transmitte
position causes large differences in the rms spread

[MHA+04] reports narrowband MIMO radio channel mer@gnents in an urban macrocellular outdoor-
to-indoor propagation scenario at 1947 MHz. Thealimn of the measurements was Kista, a part of the
city of Stockholm mostly containing office buildisgvith 5-8 storeys. The base station was placed at
large window at the 'Bfloor of an office building and the mobile was g#a at different locations on
different floors of another office building at 300 distance of the base station. The angular spreed
observed to be small due to lack of scatteringd2idgrees).

In [WOT99] wideband measurements were carried o@.44 and 5.74 GHz in Oxford, UK for static
outdoor-to-indoor scenario using dual channel westtwork analyzer. The measurement bandwidth was
80 MHz. Measurement environments were categorizgdurban, suburban and rural. The RMS azimuth
spread for multipath arrivals was measured to be?8981+15 and 67+16 degrees for urban, suburban
and rural environments respectively. After grogpithe multipath arrivals into clusters, the RMS
azimuth spread was 7.0+1.0, 8.8+1.9 and 8.4+1.5 udyan, suburban and rural environments
respectively.

6.6.3.3 Interpretation of the results
The measured RMS azimuth spread results are witidrwith the existing literature results.

6.6.4 Elevation AS at BS

Azimuth angle spread is calculated as describe@@PPSCM] from DoA, DoD and path powers. In
Figure 6-35, the cdf for elevation angle spreaghiswn. The mean value 14.6 degrees and standard
deviation is 10.5 degrees.
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Figure 6-35: Cdf for elevation angle spread at Tx
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6.6.5 Cross-polarisation ratio (XPR)

6.6.5.1 Measurement results

The cross-polarization ratio (XPR) vertica) {s defined as the ratio of power received fromtivel to
vertical polarization to the power received frontiaal to horizontal polarization. Respectively, RPis
defined as the ratio between the powers of hor@dathorizontal and horizontal to vertical polatinns.

In Table 6-14, XPR values averaged over all theemare given in dB. PeakXPR denotes the peakgpath’
XPR values, whereas scatXPR is the XPR valueshfoistattered multipaths (all except the peak path).

The cdfs are plotted in Figure 6-36.

Table 6-14: Cross-polarization ratios averaged oveall the routes.

Stat (dB) \ Peak XPR Peak XPR Scat XPR Scat XPR
Terminal
Mean 3.99 9.54 -1.11 5.64
Std 11.21 11.31 8.87 8.76
10% -10.73 -6.04 -11.84 -5.18
50% 4.14 11.23 -1.43 5.71
90% 17.96 22.38 10.11 16.24
l T ==
09 . 4 ]
0.8 /’/ .
20.7 /’/ .
§ 0.6 // |
o
% 0 5 //
50.4 / i
§ 0.3 /’/ g
02 W / —— XPRv of direct path
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01 " XPRy of scattered paths ||
/// ‘ ‘ XPRh of scaFtered paths
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Figure 6-36: Cdfs for cross-polarizations ratios (PR).

6.6.5.2 Interpretation of the results
The results are well in line with the results inI[NED54]. Furthermore, the results show that pokgien
change from horizontal to vertical involves moreveo loss than a change from vertical to horizontal.

6.6.6 Power Delay Profile

6.6.6.1 Measurement results

Power delay profile (PDP) is the distribution o thowers of the multipath components versus theydel
Typical PDP in an outdoor to indoor environmentsiown in Figure 6-37. The PDPs are fitted to

exponential function

PDP(t) =e™,

wheret is the multipath delay aralis the time constant.
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Figure 6-37: Typical power delay profile.

6.6.6.2 Interpretation of the results

Typical PDP curve is very reasonable. In indooriremment, the receiver is likely to receive mulkipl
relatively strong multipaths.

6.6.7 Proportionality factors, delay and angular

6.6.7.1 Measurement results

The delay proportionality factor is defined as thto between the standard deviation of the detdybe
multipath components and RMS delay spread. In Té&hlé, the mean, standard deviation and the
percentiles for 10%, 50% and 90% of the cdf for deday proportionality factor in outdoor-to-indoor
environment is shown. Four different floors aredstigated with two different cases (corridor anficef
room).

Table 6-15: Delay proportionality factor in different floors.

Stat \ Floor # Floor 1 Floor 2 Floor 3 Floor 4

R (w) R (large w) C (w) R (w) Cw| R(Ww C(w )
Mean 1.23 2.21 1.65 2.43 1.61 2.34 1.83 2.14
Std 0.21 0.70 0.31 0.57 0.33 0.57 0.28 0.718
10% percentile 0.97 1.46 1.38 1.63 1.19 1.64 154 291
50% percentile 1.21 2.05 1.58 2.43 1.59 2.24 1.82 971
90% percentile 1.53 3.17 1.98 3.18 2.07 3.10 2.15 .413

In Figure 6-38, the cdf of the measured delay priomuality factor averaged over all the routesiigeg.
The mean value is 1.77 and the standard deviagioh) is 0.53. The red dashed line is the fittedwadly
distributed cdf with above mentioned mean and atdes.
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Figure 6-38: Cdf for RMS delay spread proportionalty factor.

The angular proportionality factor is defined ase thtio between the standard deviation of the atimu
angles of the multipath components and the RMS langspread. The measured azimuth angular
proportionality factors are shown in Table 6-16 fiifferent floors. In Figure 6-39, the cdf of the

measured azimuth angular proportionality factorraged over all the routes is given for both terrsina

The mean and the standard deviation (std) valiegiaen in Table 6-17.

Table 6-16: Angular proportionality factor in diff erent floors.

Stat \ Floor # Floor 1 Floor 2 Floor 3 Floor 4
R (w) R (large w) C (w) R (w) Cw| R(Ww C(w RV

Mean 1.28 1.12 1.14 1.23 1.0% 1.20 1.09 1.16
TX Std 0.50 0.34 0.39 0.34 0.38 0.28 0.4 0.25
(Ou) ["10% 0.75 0.76 0.68 0.76 0.56 0.8p 0.601 0.87
50% 1.16 1.07 1.09 1.21 1.05 1.21 1.0f7 1.13
90% 1.96 1.55 1.62 1.67 1.56 1.49 1.59 1.50
Mean 1.43 1.63 1.60 2.16 1.44 1.6P 1.56 1.51
Rx Std 0.14 0.32 0.61 0.87 0.44 0.45 0.68 0.36
(In) | 10% 1.26 1.30 1.08 1.31 1.06 1.29 1.06 1.21
50% 1.41 1.59 1.42 1.99 1.34 1.56 1.33 1.40
90% 1.60 2.05 2.30 1.67 2.12 2.18 2.34 1.48

Table 6-17: Angular proportionality factor statistics for both terminals.

Stat \ Terminal Tx (outdoor) Rx (indoor)
Mean 1.20 1.69
Std 0.39 0.80
10% 0.76 1.09
50% 1.14 1.47
90% 1.67 2.54

Page 96 (153)



WINNER D111

1 T T T T =T = T

: ] : S : ; :
s I HERPI e s T Lo Umaann 4
] : 7 : : : :
i I — — ; L — R {indoar)
? e § i | =——Tx{outdoor)
O.?‘ ......... .......... ...... + .......... R ........... .......... R o

06
05
0.4
03
032
0.1

Frobability of proportionality factor = Abscissa)

e ; - : - i
0 0. 1 15 2 25 3 35 4
Proportionality factor for Tx and Rx BMS azimuth angles spreads

0

Figure 6-39: Cdf for RMS angular spread proportiondity factor at Tx and Rx ends.

In Figure 6-40, the proportionality factor for eéton angle spread is shown for Tx end. The meah an
std values are 1.16 and 0.4, respectively.
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Figure 6-40: Proportionality factor for elevation angle spread at Tx.

6.6.7.2 Interpretation of the results

The measured delay proportionality values were vimdihe with the values presented for similar
scenarios such as Al in [WIN1D54].
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6.6.8 Main DoA and DoD offset

6.6.8.1 Measurement results

Main DoA and DoD angles are defined as the diffeedpetween the LoS direction and the mean angle of
the angles of the effective multipaths. In outdoase this difference is relatively small. Howewver i

indoor terminal, the values can vary significardly shown in Table 6-18 and Table 6-19. The cdfs of
main azimuth angle offset for both terminals arespnted in Figure 6-41.

Table 6-18: Main azimuth angle direction offset corpared to LoS path in different floors.

Stat (degrees) Floor 1 Floor 2 Floor 3 Floor 4
Floor # R (w) R (largew) | C(w) R (w) Cw)| R(Ww Cw Rv)
Mean 7.2 2.6 -7.0 -12.6 -4.9 -11.6 -8.0 -17]5
TX Std 12.9 8.6 7.1 4.1 6.4 3.2 6.3 13.3
(Out) 100 -3.8 -8.7 -15.6 -18.6 -13.7 -16.0 -155 -35/4
50% 2.2 2.7 -7.5 -11.8 -4.3 -10.6 -9.1 -1213
90% 311 13.0 25 -8.0 2.6 -8.4 1.6 -1.%
Mean 3.7 -17.5 47.1 -7.7 51.8 -13.)7 42.8 15,3
Rx Std 137.3 90.8 62.0 87.5 62.9 85.4 63.4 103.8
(In) | 10% -158.4 -107.5 -33.9 -116.3 224 -12%9  -39.6-98.9
50% -66.4 -52.4 49.2 -13.2 50.9 4.7 43.6 4.1
90% 164.1 145.6 127.5 125.9 135(7 94|6 127.9 156.4

Table 6-19: Main azimuth angle direction offset compared to LoS path averaged over all routes.

Stat (degrees) Tx (outdoor) Rx (indoor)
Terminal
Mean 0.5 -17.6
Std 18.7 97.9
10% -18.2 -139.4
50% -1.9 -32.5
90% 22.2 128.4
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In Figure 6-42, the pdf for the azimuth anglesa{dutdoor) terminal is shown. The red dashed ine
the normally distributed pdf fitted to the data€eTd¢orresponding figure for elevation angles is g@mnésd
in Figure 6-43.
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Figure 6-42: Pdf for DoDs in azimuth domain for BSoutdoor).
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Figure 6-43: Pdf for DoDs in elevation domain for B (outdoor)

6.6.8.2 Interpretation of the results

The fact that outdoor transmitter (BS) has sigaifitty lower main angular offsets than the indoor i8S
very reasonable. In indoor environment, the recdsrelose to several walls and equipments that are
likely to produce some reflections.

6.6.9 Ricean K-factor

6.6.9.1 Measurement results

Ricean K-factor is the ratio of the dominant patiwpr to the power of the diffused paths. On theoth
hand, Ricean K-factor can be used to describet#i®lisy of the dominant path’s power as the Rx m®v
along the route. This method is applied here aadébults are shown in dB in the tables below.

In Table 6-20, the statistics of K-factor cdf irffdient floors are shown. Also the indoor enviromine
type is investigated in terms of corridor and afimom. The observation interval was chosen to.B& 0
meter which corresponds to approximately 13 wa\gtlen

Table 6-20: K-factor statistics in different floorsand different office environments

Stat (dB) \ Floor # Floor 1 Floor 2 Floor 3 Flabr

R (w) R (large w) C w) R (w) Cw| R(Ww C(w )
Mean 6.70 8.00 5.84 9.32 6.53 8.99 7.14 10.01
Std 2.98 3.72 3.33 4.06 2.87 3.68 3.5[7 5.38
10% percentile 2.86 3.32 2.70 4.64 3.00 4.46 3.23 144
50% percentile 6.62 8.04 6.08 9.38 6.73 8.86 765 859
90% percentile 10.47 12.60 9.12 14.24 9.91 13|75 .7810 17.37

In Figure 6-44, the cdf for the averaged K-facteemall the analysis routes is shown together vigth
statistics and normally distributed cdf model. tdaion, the K-factor KF) formula was calculated to be
KF =8.072-0.001* d, where d is the distance.
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Figure 6-44: Cdf of K-factor.

6.6.9.2 Literature review

In [AHYO06] the outdoor-to-indoor radio channel massments were done at 5.25 GHz and 100 MHz
bandwidth in the campus area of the university afuDFinland. The transmitter was located outside a
building at a height of 12 m and receiver was mgvim a laboratory room on the first floor of the
building at a height of 1.3 m. There were windowstloee measurement route, which affected the results
The measurements showed that the distributioneitinal envelope follows Rayleigh distribution.eTh
Ricean K-factor was not extracted, instead Nakagdistiibution was used. The Nakagami m-factor was
measured to be 2-3 for the strongest tap and t-théoweaker paths in half of the cases.

In [WMA+05] radio channel measurements were don&.atGHz and 120 MHz bandwidth in Lund
University, Sweden. The transmitter was placechede different locations on a roof top of a buitgin
The receiver was placed in an office building 17are southwards from the transmitter either in reom
or in a corridor. The Ricean K factor and the LO&vpr factor measured in different locations are
presented in following table [WMA+05].

Table 6-21: Comparison of LoS power factor and Rican K-factor

Comparison of LOS power factor and Bicean K.fador.

Position Bxelements Kng K.
Txl Bx234ME  5-11 0.9% 108
Txl BEx23MMM  8-11 247 4.8
Tx2 Bx2336HM  7-10 223 20
Tx2 Bx2336MW  8-11 5374 4.6
Tx2 Bx233TME  8-]2 2B} 303

[NAPO5] does not report values for Ricean K factart the magnitude distribution follows the Rayteig
distribution. The measurements were performed 4028Hz with chip rate 7.665 MHz. The receiver
was placed in an office building and the transmitiatside the building at two different locations a
height of 5.7 m for outdoor-to-indoor scenario.
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In [CKCO03] the transmitter was placed outside dding where the receiver was moving in the corrsdor
on the first and second floors and the measuremeats conducted at 2 GHz with the maximum RF
output being +13 dBm. The maximum distance betwbertransmitter and the receiver was 15 meters.
The Ricean K-factor was observed to be 21.3 and fb8.the first and second floors respectively.

Reference [SMJ+99] presents measurements at 2.44a88 80 MHz span with 3 different transmitter
sites and the receiver located in a room. The mn&ngower was 20 dBm and the measurements were
conducted with dual channel VNA-based wideband nehmeasurement system. The Ricean K-factor
was observed to have a very large variability ot lehannels.

6.6.9.3 Interpretation of the results

The measured K-factor values are well in range with values encountered in literature review.

However, in [AHY06] and in [WMA+05] the observed luas are smaller. In our measurements, a
transmit power of 26 dBm was applied, the heighthef Tx was 6 meters and the distance between Tx
and Rx was relatively short. In this light, the rease of the Ricean K-factor values compared to
[AHY06] and in [WMA+05] is understandable.

6.6.10 Cross-Correlations

6.6.10.1 Measurement results

In
Table 6-22, the cross-correlation coefficients &hifferent parameters are given. Logarithmic RMS
(LogRMS) delay spread versus shadow fading is shoviAigure 6-45.

Table 6-22: Cross-correlation coefficients betweeparameters

Parameters Cross-
correlation
coefficient

AoD vs. SF -0.30

AOA vs. SF 0.04

AoD vs. RMS DS 0.26
AoA vs. RMS DS -0.0006
AOA vs. AoD -0.13
SF vs. logDS 0.47

Shadow fading [dEB]

o 05 1 15 2 25
Logarithmic RMS delay spread [ns]

Figure 6-45: Correlation between logarithmic RMS déay spread and shadow fading.
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6.6.10.2 Interpretation of the results

RMS delay spread is shown to increase as the shétbiag (SF) increases. Indoor MS correlations with
delay spread (DS) or SF are low whereas outdoo} (88elations with DS and SF are higher. This can
easily be explained with different environments.

6.6.11 Distributions

In Table 6-23, the distributions for the followip@rameters are given: maximum excess delay spread
(delays), RMS delay spread (DS), angle of depar(@D outdoor), angle of arrival (AoA indoor),
azimuth spread at Tx (Tx AS), azimuth spread a{fR«AS), shadow fading (SF) and K-factor (K).

The tested distributions were normal (N), log-ndrifidN), 10*log-normal (10LN), exponential (Exp)
and uniform (U) distribution. Probability densityrfctions to verify these distributions are giverigure
6-46. Some of these figures are shown already édiot they are shown again here to make all the
distributions easily available.

Table 6-23: Distributions among parameters

Parameter | Delays| DS AoD AoA Tx (outdoor) | Rx (indoor) | SF | K
(outdoor) (indoor) AS AS

Distribution Exp LN N U(-180,180) LN N 10| 10

LN | LN

Sos : 5 1 2 05t
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a b
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Figure 6-46: Distributions among the following paraneters: a) maximum excess delay spread, b)
RMS delay spread, ¢c) AoD, d) AoA, e) Tx azimuth sgad, f) Rx aximuth spread, g) shadow fading
and h) Ricean K-factor.

6.6.12 Outdoor-to-indoor results by CU/CRC

CRC conducted outdoor-to-indoor measurements it MHz bandwidth centred at 4.95 GHz. The
transmitter was housed in a large van, parked amtfrof a 4-story brick building, on the broad
(windowed) side of the building.

6.6.12.1 Propagation Loss

Excess transmission losses were estimated in dasimmanner to work reported in [deJKHO2] by
evaluating the sum of the squares of the valueAvierage Power Delay Profiles (APDPs) for each
measurement run, comparison against a calibragifemance, and appropriately accounting for freespa
loss and measurement system gains and lossesssHoss varied from floor-to-floor and depending on
whether the Rx was on the illuminated or back sifithe building or in the hallway. In summary, such
losses varied from 20-50 dB in the basement, 188@n the ground floor, 7-27 dB on the second floor
and from 7-32 dB on the third (top) floor.

6.6.12.2 Rms Delay Spreads

Values for rms delay spread also varied with mesment location, but their minimum and maximum
values were about the same on all floors, being @md 30 ns, respectively. The median values were
about 16 ns, except on the second floor, wherendian was 21 ns. The reason for the higher vanes
the second floor is not clear at the time of wgtinFigure 6-47, shows an experimentally determined
cumulative probability distribution function (ECDHpr rms delay spreads from all measurement
locations in the building. For values estimateshgis 20 dB threshold, the figure shows a mediab%f
ns, with maximum and minimum values of 8 and 29 @spectively.
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Figure 6-47: ECDF of rms delay spreads computed fro data recorded in all measurement
locations, on all floors.

6.6.12.3 Narrowband envelope fading

Equivalent CW envelope fading distributions wergneated, as outlined in [RIB89], from the variadon
in single spectral lines in measured channel terfsinction time series from all measurement |@ceti
in the building. Figure below is an ECDF of theulks.

Rician K Ratios for Non-Rayleigh Cases (dB)-(All Floors)
1 T T T T T
.
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Figure 6-48: ECDFs for K ratios on Rician channel®n all floors in the building.

The text in the figure explains that Rayleigh fagiwas exhibited in only 16 of the 72 measurement
locations. Fading in the other locations exhibidian Characteristics, with K ratios that randen —

1 dB to + 11 dB. In the Rayleigh cases, coherdvaredwidths would be approximately equal to the

reciprocal of rms delay spreads. The minimum wdhktrefore be about 1/(30 ns) or 33 MHz. Such

bandwidths are already extremely large, but woadjteater on the Rician channels [RIB02], where the
reciprocal rms delay spread-coherence bandwid#tioaship does not apply.
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6.6.13 Combined results

Results reported by UOULU and CRC are different fmveral reasons. The main reason is the
differences in building characteristics. Due to fhet that UOULU is located in Europe and CRC in
North-America, the building materials and dimensiateviate from each other significantly. This is
bound to result in different analysis conclusio@sher minor reasons for deviations could include th
sounder characteristics and applied settings, tibenaa characteristics, the methods used to mave th
receive antenna during the measurements, as welthasdistances over which it was moved
corresponding to individual results. Although atpgsnwere made to make analysis procedures the same,
there were peculiarities of the recorded datanede some data preprocessing differences necessary.

Since the UOULU data set is more complete, withrasponding AoA information, and the analysis
procedures section of this report is more closdignad with analyses conducted at UOULU, the
UOULU results were chosen for reporting in the genehannel model table, Table 4-5. The CRC
results are left, however, for examination in thégtion, as comparison of these with the UOULU Itesu

is a good example of how results reported in tterdiure can vary, and, as discussed in the opening
sentence of this paragraph, why such variationscaanr.

6.7 B5 — Stationary Feeder

There are five sub-scenarios for the StationarydéeeB5a — B5d and B5f. In this document only sun-
scenarios B5a, B5c and B5f are discussed, becaose are the ones requested by the other Tasks of
WINNER2. The interested reader may consult [WIN1Pddout B5b and B5d.

6.7.1 B5a— Fixed Stationary Feeder: Roof-top to Roof-togLOS)

The scenario definition for B5a LOS Fixed Relaypftop to rooftop, is given in [D5.4]. The channel
model is taken as such from the [WIN1D54], becatle frequency dependence was included in the
model. On the other hand the connection is alnikestih free space, so that the path-loss does eyt
noticeably on the antenna heights. The equatiagivien in slightly different form to comply with the
other equations. The path-loss is

PL(d, f) = 23.5 log, (d) + 42.5 + 20 log (f [GHZ]/5.0), c=3.4dB (6.21)
where d = distance
f = center frequency

o = standard deviation of the shadow fading.

The path-loss curves for frequencies 2 to 5 GHzbeaseen in the Figure 6-49.
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Path Loss for BSa scenario, hgg = 25m, hy, = 25m
140

— LOSf =2GHz

130l — LOSf = 3GHz |
— LOSf = 4GHz
— LOSf =5GHz

1201 = Free Space 2GHz

Path Loss [dB]
=) =
o o

T T

o
(=]
T

60 i H P H il

Distance [m]

Figure 6-49. B5a Fixed stationary feeder (rooftopd rooftop) subscenario path-loss curves for the
frequencies between 2 and 5 GHz.

6.7.2 B5c — Fixed Stationary Feeder: Below Roof-top to &tet Level

The sub-scenario B5c has been described in [WINRLIRIThe connection is from a height somewhat

below roof-top level to a Fixed Relay Station (FR@)h height 3 — 5 m. Here we assume that the BS
antenna height is 15 m and Relay height is 3 to &hthere is a LOS connection between the BS and
FRS. The BS to FRS connection can be modelled thétB1 channel model, taking into account that the

FRS is stable. Path-loss model is then

PL(dy, f) = 22.7 logo (di [m]) + 41.0 + 20 log(f [GHZ]/5)), 30m <=d <= d'gp (6.22)
c=3.0dB
PL(d,, f) = 40.0 logo (ch [M]) + 9.45 - 17.3log, (s [mM]) - 17.3l0go (h'ws [M]) +  (6.23)
2.7logy(f [GHZ]/5.0), d>dp
c=6.0dB

The break-point is calculated with
d’Bp =4. hygs'h'Rs' flc

where hgs = effective antenna height of the base statioal freight — 1.5 m assumed).
h'rs = effective antenna height of the relay statioeal height — 1.5 m assumed).
f = centre-frequency (Hz)
¢ = velocity of light in vacuum

The height gain factor in (13b) has to be restd¢tevalues giving loss greater than equation (1l8ahe
formula it has been assumed that the effectivenaatdeight is the real height minus 1.5m, the assum
mean vehicle height on the street.

The FRS to MS connection can also be modelled twighB1 channel model. Now the FRS antenna
height is limited to 3 to 5 m. In other respects $ituation is identical to the ordinary B1 case.
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Path Loss for B5¢ scenario, th =10m, hMS =5m
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Figure 6-50. B5¢ LOS path-loss at 2 to 5 GHz comped to the 2 GHz free-space path-loss.

The path-loss of the B5¢c LOS model is smaller tlhaa space loss, when the distance is less tham100
This situation must be prevented by restricting phaéh-loss always to be higher than or as higthas t
free-space loss.

6.7.3 B5f — Fixed Stationary Feeder: Roof-top to Roof-togNLOS)

The scenario definition for B5f NLOS Fixed Relayoftop to rooftop, has been given first in
[WIN2IR6.13.3]. Below we specify the scenario in maletail. We must also point out that the model
specified below has to be refined later. At the rantrthe model is based totally on existing literatu

6.7.3.1 Scenario definition

The scenario for the NLOS Fixed Relay is showrhm Figure 6-51. The Relay Station is shadowed due
to some obstacle. The proposed model is formed tft@mB5a LOS Fixed Relay model by attenuating

artificially its direct component by 15 dB in avgeaand summing to it a normally distributed random

decibel number with standard deviation 8 dB.

Master-

g(;?de-link ?station

Relay

o 0O
j7/[] O

goopooo
goopooo

Ooooo
Ooooo

.
!

Relay to MS
B1

Figure 6-51. NLOS Fixed Relay.
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6.7.3.2 Path-loss formula
Path-loss for the B5f scenario is given below

PL(d, f) = 23.5 logy (d) + 57.5 + 20 log (f [GHZ]/5.0), c= 8 dB ((6.29)
where the notation is the same as used in thequséquations.

The formula is based on the references [ZEA99][&A03]. We emphasize that the model is just
indicative. It is assumed to work in the distarmege 0.2 to 1 km with the default antenna heights.

Path Loss for B5f scenario, hBS =25m, hMS = 15m

140
— LOSf, =2GHz
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130} e « 1
— LOST, = 4GHz é
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Figure 6-52. B5f Fixed stationary feeder (rooftopd rooftop, NLOS) subscenario path-loss curves
for the frequencies between 2 and 5 GHz.

6.7.3.3 B5f model parameters

The other model parameters than path-loss arsatfme as in B5a, except that the strength of teetéip
is decreased 15 dB and the tap powers normalizedtaft.

6.8 C1 — Suburban macro-cell

Measurements for the suburban C1 LOS scenario weneucted at the centre-frequency 5.25 GHz.
Measurements were performed in Heinap&a relatimefr to Oulu centre in an area, where the houses
are lower than in the centre of the town, with sqmagking lots, parks and trees along the streets in
between the houses. The height of the houses vigézhlly from 3 to 6 stories. In this documentyon
path-loss for the C1 LOS is considered. All othesirmel parameters are documented in [WIN1D54].

Measurements for C1 NLOS scenario were made aGbl8in Helsinki suburban residential areas. The
parameters proposed for C2 WINNER Il model aresod¢ly from those measurements, but also results
from literature have been used for model parandssign.
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6.8.1 Path loss and shadow fading

6.8.1.1 LOS case
In [WIN1D54] the LOS path-loss was given at 5.2524$

PL(d) = 41.6+23.8l0g10(d) 20 m <zl dkp (6.25)
= 41.6+40 |m / dBp) + 23.8 |0g0(dBp) dl >= dgp (626)
6=4.0dB, 20m<d<=: o=6.0dB, d > dhp

Extended to 2 — 6 GHz the path-loss formula caprbsented as follows:

PL(,f) = 41.2+ 23.8 logdp+ 20 logl10{[GHZz]/5), 20m<d<=g (6.27)
PL(d,f) = 40.0log(d;[m]) + 11.65 - 16.2log (hgs [M]) - 16.2logg (hus [M]) +  (6.28)
3.8log10{[GHZ]/5.0), d >gb

6=4.0dB, 20m<d<=g; c=6.0dB, d >g

where d = distance
Ogp =4 - hshus T /C
hgs = the height of the base station
hus = the height of the mobile station

f  =the centre-frequency (Hz)
¢ =the velocity of light in vacuum
o = standard deviation.

The height gain factor in (15b) has to be restd¢tevalues giving loss greater than equation (1bahe
formula it has been assumed that the effectivenmatdeight is the real height, because in subuabeas
it is assumed that the vehicle density is relayiwzhall.

6.8.1.2 NLOS case

Propagation studies at 5 GHz frequency band indndimmestic, office and commercial environments

have been frequently reported, but wideband outdtaties at 5 GHz are not as numerous. In [ZKV+02]

results for urban, suburban and rural environmbat&e been reported. In this case the maximum mobile
(MS) to base station (BS) distances were limiteda800 meters, which for outdoor cellular channel

modeling is not fully representative. Path loss aiecaround 5 GHz in residential areas and with BS
heights less than 10 meters are reported in [S@GIO]DRX98].

More studies around 2 GHz frequency have been mad&GT+99] results for extensive macrocellular
suburban measurements in US have been reportedB&itantenna heights 12...79 meters. Maximum
MS-BS distances up to 8 kms were measured in yaokeenvironments containing both hilly and flat
terrains as well as light and moderate-to-heavg ttensities. Shadow fading standard deviation was
found to be in range 5-16 dB, and path loss expowas always found to be greater than two. Path los
exponent was found to have a strong dependenche®mBE antenna height and the terrain type: the
higher the BS antenna height the smaller the mathéxponent.

In [MRA93] and [MEJ91] radio propagation differescketween 900 and 1800 MHz carrier frequencies
have been compared in different environments. I loe studies it was found that path loss values a
900 and 1800 MHz were highly correlated, and tlveme no significant difference in distance dependent
behaviour. Theoretical free space path loss diffesgebetween 900 and 1800 MHz is 6 dB, and in flat
open areas a value very close to it, 5.7 dB, waaimdd [MRA93]. In suburban areas, however, this
difference was increased to 9.3 dB [MRA93], whichswexplained to be due to higher vegetation in
suburban environments, which attenuate 1800 MHzaségmore than 900 MHz signals. In [MRA93] PL
differences between 900 and 1800 MHz frequenciese vieund to be 9...11 dB, i.e. higher than
theoretical free space loss. In [MEJ91] shadowrfgditandard deviation was found to be approximately
1 dB higher at 1800 MHz, which agrees with resfutisn Okumura [OOK+68].
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Ref. [BBK+02] presents wideband channel measuresnemt3.7 GHz and 20 MHz bandwidth in
moderate density macrocellular suburban settingideit Illinois. Reported path loss exponents are
between 2.9 and 3.4, and shadow fading standaidtims vary between 5-10 dB. Maximum measured
MS-BS distances were ~ 6 kms.

Effect of vegetation at 3.7 GHz has been studielBBKO04], and it was shown that tree foliage create
an excess path loss of between 3 and 7 dBs.

In Figure 6-53 suburban macrocellular path loss eh@hd shadow fading distribution obtained from
Helsinki 5.3 GHz measurements is shown. Two diffe®S sites, one of them with two sectors, were
chosen, so altogether data from three differens&Sors were collected for data analysis durinfgiht
measurement runs. More detailed descriptions orsunements can be found in [RKJO5]. The path loss
model for suburban macrocellular environment olstdiffrom WINNER measurements reads as

PL = 27.7 +40.2l0g,,(d[m]) (6.29)

The path loss exponent=4 was obtained. Similar PL exponent values for ftetcrocellular suburban
environment with moderate of high tree density hagported in [EGT+99] around 2 GHz carrier
frequency, and PL exponent values around 2.0-33L€@S and 3.5-5.9 for NLOS can be found in
[SGO00], and [DRX98]. However, in some of these sabe BS height, which is known to have effect on
the PL behaviour, is lower than in our measuremelmtsour WINNER measurement we found the
shadow fading component is log-normally distributéth standard deviation of 6.1 dB.
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Figure 6-53: (a) Path loss model and (b) shadow fauy distribution obtained from Helsinki 5.3
GHz suburban measurements.

COST231-Hata path loss model [COST231] for suburbacrocells is written as
PL =[44.9- 655l00,, (hss)]109,,(d /1000 + 455+ (3546 1.1h,,¢) log,, (f.) -
1382log,,(hgs) + 0.7hy,g

In above all the distances and heights are givandters, and carrier frequengyis given in MHz. With
hgs= 20 m,hys = 2 m (same as values used in Nokia suburban nmezasuats), and. = 2000 MHz the

model becomes

(6.30)

PL =296 +36.4log,,(d) (6.31)

Path loss difference due to theoretical free spaopagation is 20*log10(5.3/2) = 8.5 dB. If thistéken

into account with Eq. (6.31), the PL equation (§.8®m Helsinki measurements shows a reasonable
good match with COST231-Hata approach. If we assilmeéMS height fixed, i = 1.5m, we therefore
propose the following frequency scaled COST231-Hatdel for NLOS suburban macrocells

PL =[449- 655l09,,(hgs)]l0g,,(d) + 2346+ 583l0g,, (hgs) + 20l0g10( f[GHZ]/2)  (6.32)
with 50m<d <5km  hg >15m f_ = 2..6GHz

6.8.2 DS and maximum excess delay distribution

Delay spreads around 2 GHz carrier frequency aiHz bandwidth have been reported in [APMO02].
For suburban environment with BS height of 12 neeterd no direct LOS between MS and BS reported
delay spread values typically vary between 200...880the median being around 350 ns. Log-normal
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distribution was found to give a good fit to the amered delay spread distribution. In typical urban
environments delay spreads were found to decrerlénereasing BS antenna height.

In [WHL+93] rms delay spread distributions were qared in different environments at 900 MHz and
1900 MHz carrier frequencies. With both frequendies used chip rate was 10 MHz, and data was
recorded simultaneously with both the frequenciiswas seen that propagation behaviour in terms of
rms delay spread was very similar with both theiearfrequencies in semirural, suburban and urban
cells.

Delay spread characteristics for 3.7 GHz carrieqfiency with 20 MHz bandwidth are given [KKMO02].
Measurements were made in suburban areas outsidegdhwhere also some distant high-rise buildings
were in the environment. BS height was 49 meterd,MS was installed at 2.7 meters above the ground.
15 dB dynamics criterion from the max peak powes wsed in calculating delay spreads. Median delay
spread values for LOS and NLOS propagation conttisvere 240 and 360 ns, respectively. The
combined delay spread was found to be 300 ns. Aswdonber of rays, defined as local maxima of
(instantaneous) power delay profiles, 90 percentilleie of the cdf for LOS, NLOS and combined data
were 3, 8 and 7 rays, respectively.

In our WINNER measurements typical delay spreadsewsf the order of 13...125 ns, which are
considerably smaller values than reported by [APM@he reasons for the difference is the higher BS
antenna position. Rms delay spreads have often begorted to show log-normal distribution, as
summarized for example in [GEY97]. Delay spread alspends on used bandwidth due to finite system
impulse size. This is discussed in more detaikittion 6.9.2.
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Figure 6-54: (a) Rms delay spread, and (b) maximurexcess delay cdfs for Helsinki suburban
macrocellular measurements at 5.3 GHz.

6.8.3 Azimuth AS at BS and MS

Azimuth spreads at BS have been given in [Paj0B8tdcal and suburban environments at 2 GHz carrier
and 10 MHz bandwidth. The mean angular spread @aédtees was found, with standard deviation of 2
degrees. In urban areas they have been reportde tb4 degrees and 5 degrees, respectively. The
difference between the geometrical direction ofrti@bile and the direction of maximum received power
was modelled as Gaussian. The standard deviati@moist 16 degrees near the base station and dedreas
to 8 degrees far away in urban environment. Inlrama suburban is much smaller, 2.7 degrees when
distance is below 2 kms and above this decreasks tegrees. Mobile azimuth spreads were repasded
35 degrees in suburban, and 20 degrees in rurabamnvent.

6.9 C2 — Urban macro-cell

Measurements for C2 scenario were made at 5.3 @HHelsinki city center. The parameters proposed
for C2 WINNER Il model are not solely from those asarements, but also results from literature have
been used for model parameter design.

6.9.1 Path-loss and shadow fading

The few reported outdoor PL measurements aroundHZz €equency range show that typical PL
exponents in urban LOS areas are close to freeeqpapagation exponent 2, and for NLOS the reported
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values vary between 3.5 and 5.8 [YMI+04][ZKV+02]f@®]. In these cases the maximum MS-BS
distances have been < 1000 meters.

Path losses and delay spreads between 430 and\MBH3@requencies have been compared in [Pap05].
Data was collected simultaneously at the same meas&nt points in multiple environments, and the
chip rate at each carrier frequency was 100 MHzadeements were made in urban environment in
Denver, which covered a combination of urban higk;rurban low-rise and line-of sight propagation
paths. BS was installed on top of a five floor by at 17 meters, and maximum measured distances i
the case were up to 5 kilometers. It was obserted in line-of sight conditions close to the BS
(100...300 meters) the path loss exponent was cto2elh regions where radio paths become obstructed
the path loss exponents were increasing, and tiseysaowed frequency dependency: path loss exponent
increased from 4.3 to 5.4 between 430 and 5750 MHe.shadow fading was normally distributed, and
ranged between 3 and 6 dB.

In [MRA93] and [MEJ91] radio propagation differescketween 900 and 1800 MHz carrier frequencies
have been compared in different environments. I loe studies it was found that path loss values a
900 and 1800 MHz were highly correlated, and tlveme no significant difference in distance dependent
behaviour.

Path loss and delay spread results from Japanbkse unetropolitan environment at 3 GHz, 8 GHz and
15 GHz frequencies are reported in [OTT+01]. Therage building heights in were 20...30 meters, and
BS height both clearly above (macrocell) and atftop level (microcell) were measured. In the

measurements power delay profiles were recordedl&ineously for each of the three frequencies.
Shadow fading standard deviations did not showidenable differences between frequencies, but walue
in the range 5...10 dB were obtained. Path loss &eqy dependency was found to directly follow free
space characteristics, i.e. 20jgif). Path loss exponents were not reported.

WINNER deliverable D5.4 from phase | gives pathslosodels for different scenarios at 5 GHz carrier
frequency for selected (fixed) base station heightsdel extensions are needed to upgrade the models
for wider range of bandwidths 2-6 GHz and differB& heights. Since limited set of measurements are
available in WINNER for model extensions, resutisirfd in literature has been used as a basis for the
work.

6.9.1.1 Extension to different BS heights and frequency rage

There are studies and channel models which adthiesshanges in path loss due to BS height varigtion
[KI04][COST231][EGT+99]. COST231-Hata model [COST23or urban (metropolitan) macrocells
reads as

PL =[44.9- 655l00,, (hss)]109,,(d /1000 + 485+ (3546~ 1.1h,,¢) log,, (f,) -
1382log,,(hgs) + 0.7hy,5
Increasing the BS height has therefore a twofdlecefthe propagation exponent decreases, and there
constant intercepthanges due the BS height variation.

Similar dependencies are found in [KI04][KI04], whigives a PL formula for distances 100-1000 m,
frequencies 0.4-8 GHz and BS antenna heights 30¥1R0urban areas in Japan (“Kitao”):

(6.33)

PL 5[80.2- 215109, ,(hgs)] 10, (d) = 27.910g,, (hgs) + 204109, ( f ) +50.2 (6.34)
In [EGT+99] the path loss model for suburban mageleds expressed as (“Ergec”)
PL=A+10ylog,,(d/d,) +s (6.35)

A is a constant intercept value by a free spaceagation at 100 m reference distance, sirgishadow
fading component. The propagation expongsta Gaussian random variable, which is written as

y=(a-bhg+c/hg)+xo,, 10m=hgg=80m (6.36)

In above the term in parenthesis is the meay) xfis a zero-mean Gaussian variable apds the std of
y. Constants a,b,c and, are derived from data. For flat environment witght tree density the
parameters for mean propagation exponent are ab3060050 and ¢ = 20.0.

Figure 6-55 shows the propagation exponent as atiumof BS height from different models and
publications [KI04][COST231][EGT+99]. Circles refes unpublished 5.3 GHz measurements made by
Nokia in Helsinki. In those measurements path Mvas measured from one BS site in Helsinki city
center with different BS heights (below, at and\abomoftops, i.e. 18 m, 28 m and 38 m, respectjvely

1 If PL model is written in fornPL = A+10*n*log;o(d), A is the intercept and propagation exponent.
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Results by Kitao are from Tokyo, which probablhaisonsiderably different environment from othetts (a
least building heights). The other two lines anel ftokia measurements match well with each other.
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Figure 6-55: Propagation exponent as a function @S height.

For WINNER macrocellular models we can assumetgftal building heights in middle-size cities are
~30 meters, and the BS height scaling is then WalidS heights above 30 m. For propagation expbnen
variation due to BS height the following scalingpi®posed (directly from COST231-Hata model):

B =449~ 655l0g,,(hys) (6.37)

Both COST231-Hata and Kitao models propose als@restant shift in intercept due to BS height
variations. With ks= 1.5m and £2000 MHz the COST231-Hata model can be rewriteen a

PL =[449- 655l09,, (hss)]10g,,(d) + 26 46+ 583l0g,, (Nss) (6.38)

It is seen that the effect on intercept (last témnequation above) is fairly small, for example wBS
height differences of 35 and 70 mitis only 1.7. dB

According to results in [KIO4][OTT+01][SMI+02] wadopt frequency scaling as 20{g(@ in range 0.5-
15 GHz.

6.9.1.2 Path loss model for WINNER I
As a summary, path loss model for urban NLOS magdi®¢C2) reads as
PL =[449- 655l09,,(hgs)]l0g,,(d) + 2646+ 583l0g,, (hys) + 20l0g,,(f[GHZ] /2)  (6.39)

with 50m<d <5km  hgg>30m f, =2...6GHz

6.9.2 DS and maximum excess delay distribution

Papers [APM02] and [PMFOQO0] reports measurementseraad .8 GHz carrier frequency and 4 MHz chip
rate in Aarhus and Stockholm. Aarhus is a typiadlan environment characterized by buildings from
four to six floors and in irregular street grid. Aarhus the measurements were done at two diff@&nt
heights, 20 and 32 m, the lower height correspandinthe average rooftop level of the surrounding
buildings. In Stockholm buildings also had from ifda six floors, and the BS antennas was mounted at
21 meters, which also corresponds to rooftop levkl. Stockholm two sectors were measured: one
classified as typical and the other as bad urbae.3ad urban scenario corresponds to an area wehich
mixture of densely built-up zone and an open ftagadue to a river. Median reported rms delay sprea
values were 400 and 800 ns for Aarhus high anddotenna positions, and 1.8 for Stockholm. The
fairly high value for Stockholm probably also indks data from the bad urban sector over the river.

Paper [RWHO02] reports measurements made in HelsakR.1 GHz and 5 MHz chip rate. The
environment is a typical urban macrocell with fiatrain and typical building heights between 4dbfk.
Base station is located on top of a 30 m high lngicdait ~32 meters. This is slightly above the agera
surrounding rooftop height. The median reported deiay spread values were ~500 ns.
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In [Pap05] measurements were made simultaneouslpundifferent carrier frequencies between 430
and 5750 MHz. A chip rate of 10 MHz was used. Measients were conducted in downtown area of
Denver. BS was installed on top of a five floorlbing at 17 m height. The site had a good view hafth
the urban high-rise portion of downtown Denver amiged urban area. It was observed that median rms
delay spread (with 20 dB threshold) was clearly lEnavith highest measured frequency 5.7 GHz than
with the lowest 430 MHz, the values being ~300 nd a700 ns, respectively. At 5.7GHz even lower
median values, of the order of ~100 ns, were obthin a large open boulevard with LOS areas. Values
for maximum excess delays were reported as 7. 6ahas for 430 MHz and 5.7 GHz respectively.

In [OTT+01] measurements were carried out simublaisey in 3 GHz, 8 GHz and 15 GHz bands in
Tokyo. The chip rate was 50 MHz, and three diffe@8 sites with height 20-30 meters were measured.
Power delay profile shapes and rms delay spreasksalere found to be very similar between all the
bands. The median value for rms delay spreads W@8 ns. Median values for maximum excess delays
were ~300-400 ns.

Paper [PLB04] reports measurements at 3.7 GHz etaemnd 20 MHz bandwidth in dense, urban
downtown Chicago. Two BS heights were consider@dmdand 135 m. The median rms delay spread
values were ~300 ns and ~700 ns for the low anchife BS antenna position, respectively. Median
maximum excess delay values (with 15 dB dynamieshold) were ~800 ns and 18, respectively.

Paper [SRJ+91] reports multipath delay statisticéour German cities (Frankfurt, Hamburg, Stuttgart
Dusseldorf) at 900 MHz frequency and 4 MHz bandwi@500 ns baseband probing pulse). The
measurements were intended to emphasize the radionel worst case characteristics. Typically rms
delay spreads (with 10 dB dynamic threshold) wenitéd to 2-3us, but much larger delay spreads, even
10-20 us were observed in suburban locations where anselnenze a clear view of large buildings and
mountains simultaneously. One conclusion of thiglgtwas that in general measured German cities are
not as time dispersive as the cities measured enWls. west coast [RSS90], where also worst case
characteristics were emphasized in the measuremarntse U.S west coast the cities have substintial
hilly and mountainous terrain within close rangeedeiver sites.

In [SJID94] measurements were made at 910 MHz camié 10 MHz chip rate in two macrocellular sites
in downtown Toronto. The base station antennas wkreed on buildings with 18-28 floors (~50-70 m
?). Maximum excess delay were typically belows but occasionally also much later echoes, 220
were observed due to high-rise buildings. Medians dalay spread values were found to be ~700 ns, and
most measured values were belowuts3

In [WHL+93] measurements were taken simultaneousith in the 900 and 1800 MHz bands in
macrocellular environment in Philadelphia. The usbgp rate was 10 MHz. For an urban high-rise
macrocellular environment the BS was installedét theters from ground level, and the area consfsts
closely spaces buildings with heights typically eeding 40 stories. The transmitter for an urbahvea$
mounted 30 m above ground. The cell is charactrizg 3-4 story buildings. For the delay spread
analysis a dynamic threshold of 20 dB was used.tfk®murban case there were no marked differences
between the two frequency bands, and the mediardetay spread values were ~150 ns. For urban high-
rise cells the median rms delay spread values w&@0-700 ns, and the difference between the
frequencies was small but yet distinguishable (@ighequency showed slightly higher median rmsylela
spread).

Summary of numbers reported above is presentedjird-6-56.(a) There are great variations in regubrt
results, especially at lower frequencies. The nesdehind the differences can be manifold, sucthates
selection and processing (especially thresholdd&day spread calculation), used antennas, BS aatenn
height and location, environment (flat vs. mountai® terrain, open vs. regular street grid, non-
uniformity of building heights, ...). One factor afting also the rms delay spread distributions & th
bandwidth used in measurements. Especially for $bweeasured values this can have a significant
effect. For example, we consider a single receitaga without any multipath echoes (e.g. in LOS
conditions). For a measurement system with 10 te/desolution (100 MHz chip rate) the resultingsrm
delay spread is only a few nanoseconds. With 50@efay resolution (2 MHz chip rate) it is already
hundreds of nanoseconds! The effect of bandwidthnguulse response shape is illustrated in Figure
6-56.(b).

The bandwidths used at lower carrier frequenciesigure 6-56 tend to be smaller than at higher
frequencies. This might also be a reason for soraéewigher rms delay spread values at lower
frequencies. Up to date the number of publishedrotatiular results at frequency ranges > 3 GHz are
scarce, and further measurements in that rangevinomment would be valuable.

Results for rms delay spreads and maximum excdagsdeeasured in Helsinki at 5.3 GHz frequency
and 100 MHz chip rate are shown in Figure 6-57.tRerWINNER models we propose typical rms delay
spreads of the order of ~200-250 ns for C2 urbacrotzllular scenario.
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Figure 6-56: (a) Typical rms delay spreads at diffeent carrier frequencies for urban macrocellular
environment found in literature. (b) Effect of chip rate (bandwidth) on impulse response shape.
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Figure 6-57: (a) Cdf for rms delay spreads and (b)maximum excess delays measured in Helsinki at
5.3 GHz carrier frequency and 100 MHz chip rate.

6.9.3 Azimuth AS at BS and MS

Papers [APMO02] and [PMFOQ] reports measurementsenadl.8 GHz carrier frequency and 4 MHz
chiprate in Aarhus and Stockholm. Base stationtiona were 20 and 32 m for Aarhus, and 21 m for
Stockholm. Median rms azimuth spreads at BS wemadb 10 degrees for Aarhus high and low antenna
positions, and 12 degrees for Stockholm, respdgtivor the bad urban sector facing over the river
Stockholm it was observed that the power delaytspecand power azimuth spectrum are composed of
two clusters. This was not observed in typical orlgata. The later cluster was delayed by several
microseconds compared to the first one.

In [PLN+99] directional wideband channel measuretsiett 2.1 GHz carrier and 50 MHz bandwidth in
urban and suburban areas have been performeds ltowad that in urban areas a BS antenna instatled
lamppost level lead to more severe azimuth spread & BS at rooftop level. Correlation between
angular spread and delay spread was low. In uritameicvironment the macrocellular BS position was a
25 meters, which is slightly above surrounding topflevels. BS-MS distances ranges from 20 to 360
meters. In suburban environment with low residéntieoden houses the BS height was 7 meters, which
was around the rooftop level of most the surrougdinildings. In this scenario BS-MS distances were
50...510 meters. Typical azimuth spread values (Seqntile value in cdf) in urban macrocellular
environment were 7.6...11.8 degrees, with mean val 89 degrees. For the same environment typical
delay delay spreads were 20...92 ns, with mean vafug6 ns. In suburban measurements azimuth
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spread values 12.9...18.4 degrees with mean valub afegrees were obtained. Corresponding delay
spread values were 45...233 ns, with mean 119 ns.

In [KRBOO] angular power distributions at the MSreveneasured in urban macrocellular environment in
Paris at 890 MHz. It was found that street canyfmmse the long-delayed waves to come from street
directions, but street crossings can cause additgignal components. For smaller delays localtscatis
contribute to power spectra. Propagation over tiedsr was significant: typically 65% of energy was
incident with elevation angles larger than 10 degre

In [KSL+02] elevation angle distributions at the Iile station in different radio propagation
environments have been reported at 2.15 GHz cdraquency. Results show that in non-line-of-sight
situations, the power distribution in elevation tzashape of a double-sided exponential functiomh wi
different slopes in the negative and positive sioethe peak. The slopes and the peak elevatioteang
depend in the environment and BS antenna heighurban macrocells mean elevation angles of arrival
are ~7...14 degrees, with standard deviations of 12 defgrees.

Paper [VKV04] reports 5 GHz directional measuremesults in Helsinki city center. For MS mean
angular spread values of 52ere obtained.

Based on values presented above we choose for WRNNE?2 scenario typical azimuth spread of 10
degrees for BS, and 52 degrees for MS end of tike i

6.10 C3 — Bad urban macro-cell

In bad urban propagation environment highly dispersadio channels in delay and angular domain are
expected. These are results of inhomogeneitiggapagation environment due to e.g. mountain areas
surrounding the city, large water areas separdiinti-up areas, or high-rise buildings well abohe t
typical building height.

In [RIKO7] macrocellular measurements were takenléfsinki at 5.3 GHz carrier frequency and 100
MHz bandwidth over a bay area surrounded by denkellf urban environment. Bad urban channel
characteristics with exceptionally long echoes welbserved in about 5% of the measured locations.
Maximum excess delays were {8 long. Occasionally the power of these very latkoes could be
comparable to that of the first taps in the powelad profile. Example of this is given in Figures8-
Paper [SG02] reports measurements taken in Marehas? GHz carrier and 60 MHz bandwidth.In this
environment the maximum observed excess delays afehe order of ~1Qis.

We do not expect bad urban channels with very matdtipath echoes to be very common in urban
environments at 5 GHz. The increased path losscedihe effective operation range, and especiatty w
high bandwidths the power is insufficient to captueflections from very far scatterers. Therefome
propose C3 bad urban channel model as specifiarisatvhich can be switched on for certain propartio
of urban micro- and macrocellular users. The pradeés described in detail in section 4.2.1.
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Figure 6-58: Example of a bad urban power delay pridle with rms delay spread of 2.8us,
maximum excess delay of 6.fs.
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6.11 D1 — Rural macro-cell

Channel models for the rural scenario are basemh@asurements conducted in Phase | in Tyrnava, near
Oulu in Finland. The models are updated for thquemcy range 2 — 6 GHz and for more general antenna
heights than in Phase I. No new measurements heam ferformed, because several new scenarios have
been deemed for higher priority level. It is podhtaut that in Tyrndva the environment is extrenfy

If another type of environment, e.g. hilly terraig,desired to be simulated, we recommend using the

model from [EGT+99].

One shortcoming of the Phase | model for D1 isfttlewing: The long echoes were averaged off the
channel model, although reported in [WIN1D54]. histdocument, also long delays will be addressed.

6.11.1 Path-loss and shadow fading

6.11.1.1 LOS case

The WINNER D1 rural channel models were measure®hase | at 5.25 and 2.45 GHz. The results
expressed in decibels at 5.25 GHz for the LOS aase

oL(q) = 4467 215log,,(d[m)),o = 35dB, 30m <d <d,,
@=1 446+ 215l0g,,(d,,) +400l0g,,(d/d,,),o = 60dB, d > d,,
where d = distance

Ogp =4 - hshus T /C
hgs = the height of the base station
hus = the height of the mobile station

f  =the centre-frequency (Hz)
¢ =the velocity of light in vacuum
o = standard deviation.

By using the frequency correction coefficient, fhemulas are generalised for the frequency range62
GHz. For the LOS case:

442+ 215* log,,(d[m]) + 20* log,,(f [GHZ] /50),0 = 35dB, 30m <d <d,,

PL)= {44.2 +215% l0g;o(dy,) + 400* log,o(d/d,,) + 20* log,,( f [GHZ] /5.0),0 = 60dB, d 2d,,

By writing dgp Open, we get the antenna dependencies for theca®&

PL(d,f) = 44.2+ 215 @4t + 20 loglO(f [GHz]/5), 20 m <d <= dBP (17a)
PL(d,f) = 8.7 +40.0lag(di[m]) - 19.5l0do (hes[m]) - 19.50g, (hws [m]) +  (6.40)
0.5log(f [GHZ]/5.0), d >gb

6=4.0dB, 20m<d<=g; c=6.0dB, d >g

6.11.1.2 NLOS case
For the NLOS case the measured model at 5 GHz is:

PL(d) =55.8+25.1*log,,(d[m]),c =8dB

It has been generalised for the frequency rangé GHz in [WIN1D54] by using the 2.45 GHz
measurements together with the 5.25 GHz measurement

PL(d) =554 + 25.1* log,, (d[m]) + 21.3* log,, (f [GHZ] /5.0),0 =8dB
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For the antenna height dependence we have to mlyiterature. Unfortunately very few articles
appropriate to the situation exist. One of them vedisrred in [WIN1D54] and a similar behaviour faun
as in our rural measurements, namely [EGT+99].hin reference three residential environments were
defined. The one with least path-loss was calledlehd and was targeted for flat lightly wooded
residential areas. As a matter of fact it turnetitbat our environment was still more flat and vigiptly
wooded. This could be compensated by defining &ettfe BS antenna height adding 25 m to the real
height.

Taking this as a starting point we define the B&ama height dependence by using Taylor seriesidrou
the measurement antenna height, actually 25 nrepldced the effective antenna height 50 m. Then th
extra term needed, BS height gain factgg,& [EGT+99]:

Gas = 0.13 (hgs [m]- 50)logo(d/dy)

where hgsis the effective BS antenna height
d is the distance between BS and MS and
dp is 100 m.

After this the actual antenna heights can be used
Ges = 0.13 (s [m]- 25)log o(d/c)
The formula is applicable for the actual BS anteheights 10 ... 75 m.

For the MS there is no height gain factor in [EGOT herefore the MS height gain factor is calcedat
using the approach of the COST-231 Hata model [CX33] For this model the height gain depends
linearly on the MS antenna height. Let's assuméribang the MS antenna to the mean forest levwatgi
the free-space path-loss plus 6 dB. Then the agdraght gain is 21 dB for the MS antenna heighini25
From these figures we get

Gus = 0.9(hys [m]- 1.5)
This height gain factor is valid from 1 to 10 m.

Subtracting the height gain factors we get:

PL(d) =554 + 25.1* log,, (d[m)]) + 21.3* log,, ( f [GHZ] /5.0) - 013(h,s[m] - 25) |oglo(di) ~- 09(hys[m| - 15)

The shadow fading standard deviationds= 8 (dB).
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6.11.1.3 Path-loss curves for the rural environment

Path-loss curves for the D1 LOS and NLOS caseslaren in the Figure 6-59. In this figuregsh 25
m and lys=2 m.
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Figure 6-59. Path-loss curves for the D1 rural scemio at 2 an 5 GHz.

6.12 D2 — Moving networks

Moving networks scenario D2 means primarily theiemment of fast trains with the maximum speed of
350 km/h. The connection to the trains is arrarfgedsing a moving relay station (MRS) mounted an th
roof of the carriage. The link from the MSR to tinerior of the rain is assumed to be arranged by a
interior part of the MRS with the antennas mourtgedhe ceiling of the carriage. In this deliverable
consider the connection from the AP to the MRS ealtithis sub-scenario as D2a. The other link, D2b
will be modelled during the year 2007.

In the literature the case of railway tunnels heseived quite much attention. This became evident i
quite a late phase, and the tunnel environmenbbas excluded for the time being, although we tee i
importance. Another crucial matter is the Dopplehdviour: This is the most characteristic and gidtgn
the most harmful effect encountered in the fastingpytrain) environment. There are models available
where this phenomenon has been accounted for.HHsisnot been systematically accounted for in our
model yet, although the modelling approach willyide high Doppler shifts. In this respect the model
nees updating in the future. This means that thér@mment has to be modelled in more detail and
dynamic evolution of the channel has to be includéte shortcomings listed above will be alleviaited
the coming deliverable [WIN2D112].

To be able to model the D2a link we have to dodlewing assumptions:
-The Base stations are located in the vicinityhefrails, our assumption is that this distance is
about 50 m.
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- The site to site distance is 1000 ... 2000 m .

- The BS antenna height (10-30 m) exeeds height oc&dRenna array.

- The connections are primarily in LOS conditions.

- The tunnels that are quite common in this kindoaftes are neglected for the time being.

The current D2a model has been created based orethd Ul fast-train measurements with SIMO setup
and two existing modeis [WIN1D54], namely D1 (rural) and “high mobilitshort range” (HMSR), see
9.3.2 in [WIN1D54]. Only the results for the LOSseaare shown in the Part | of this document. The
parameters for NLOS conditions are shown here fiaragler, who has an urgent need for such a model.
The given NLOS parameter values should be treatddasution. An ordinary NLOS model for the D2
scenario is planned to be published in the yea? 200

6.12.1 Path-loss and shadow fading
Partial analysis results from fast-train measurdmare showed in Figure 6-60.
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Figure 6-60. a) Path-loss and b) Shadow fading @25GHz for D2a/LOS scenario.

We would expect nearly free-space propagation theitmeasured path-loss deviates from the expected
behaviour. The observed path-loss exponent may raptesent a typical value due to specific
measurement setup: the MRS antenna (mounted omotifdop of the carriage) had similar height
(approx 5m) to BS (6m). Therefore there has probhbEn a strong reflection from the carriage roeatf t
has caused destructive combining of the main pathglting in a break-point phenomenon found in flat
earth conditions. There is a break-point at a V@nydistance, about 30 m deduced from the figurféerA
that the path-loss exponent has been very clobelyexpected value of four, see Figure 6-60. Pagssibl
this phenomenon can be mitigated by proper antdesign, but to be on safe side we propose to model
the path-loss as measured. Although the measursnecentr only the distance range 40 - 400 m, we
propose to extend the model up to 2 km. The modebably over-estimates the path-loss at high
distances, but this should be tolerated.

6.12.2 RMS-delay spread and maximum excess delay distribiains
The RMS-delay distributions for LOS case are deileechfrom fast-train measurements (Figure 6-61).
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Figure 6-61. a) Cumulative and b) Probability dengy functions of RMS-delay spread (D2a/LOS).

The RMS-delay distribution for NLOS case has besemn from the scenario D1 in [WIN1D54] by
calculating mean of the values at 2.45 and 5.25.Q##n RMS-delay spread distributions parameters
for both LOS and NLOS conditions are shown in Eaixlow.

Table 6-24: RMS-delay spread percentiles.

Rms d[enlgl]y spread LOS NLOS
10% 21 8
50% 39 50
90% 55 110
mean 40 55

Probability distributions of max. excess delay aied from fast-train measurements are given in fiéigu

6-62.
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Figure 6-62. a) Cumulative and b) Probability dengy functions of max. excess delay (D2a/LOS).

6.12.3 Azimuth AS at BS and MS

Azimuth AS has been combined from the TUI FT measwmts, models “high mobility short range”
(HMSR) in [WIN1D54]. LOS results are taken from tH& SR scenario (BS) and fast-train measurement
(MS). For the NLOS propagation conditions D1 (rudrameters from [WIN1D54] can be used.
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Table 6-25: Percentiles of the RMS azimuth spread.

D2 moving network LOS NLOS
BS, O, 10% 1 5.6
50% 5 18.0
90% 50 34.3
mean 21.7 19.5
MS, g, 10% 21.3 6.0
50% 30.4 22.3
90% 45.9 36.4
mean 325 21.9

In fast-train (FT) measurements, height of the bsts¢ion receiver antenna array is not dominant if
compared to train-mounted antenna. From that redszan be assumed that similar angular distrilutio
will be measured at moving station. Probabilitytidlimitions for azimuth angular spread at receivee s

in TUI FT measurements (SIMO) are shown in Figu&36
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Figure 6-63. a) Cumulative and b) Probability dengy functions of azimuth angular spread @Rx

6.12.4 Cross-polarisation ratio (XPR)

(D2a/LOS).

Cross-polarisation ratios have been taken fronstiemario D1 in [WIN1D54].

Table 6-26: Percentiles of the cross-polarizationatios in a D2 environment.

D2 moving network direct path | scattered paths
(LOS) (NLOS)

10% 1.7 3.7
XPRy 50% 12.2 6.3
90% 20.7 9.2

mean / std 11.7/7.8 6.4/2.2
10% 3.2 3.2
XPR; 50% 135 6.1
90% 23.3 9.1

mean / std 13.2 6.1/2.3
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6.12.5 Power Delay Profile

Mean PDP profiles for LOS and NLOS propagation éiowls have been taken from the scenario D1 in
[WIN1D54]. The LOS profile at 100 MHz bandwidth aB25 GHz centre-frequency are shown in the
following figures.

0 rural LOS
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Figure 6-64: PDP profile in LOS propagation conditons.

Power delay profile for LOS conditions has beeteditto two segments with an exponential function
exp(b* ) (6.41)

where 7 is the excess delay atfdis the time-constant. Here the constbpis 220 MHz for the first
segment and, is 15.6 MHz for the second one.

For the NLOS conditions the PDP can be fitted s dimgle-slope line in dB scale with the time-canst
b =60 MHz.

An example of PDP (averaged over QWSS interval twatesponds to 20 from TUI fast-train
measurement is shown in Figure 6-65.
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Figure 6-65: PDP example from fast-train measuremes.

6.12.6 Distribution of path delays

Distribution of the path delays is assumed to hEoarntial. The experimental pdf determined from-fas
train measurements is shown in Figure 6-66.
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Figure 6-66: Experimental pdf of path delays (FT masurement : D2a/LOS).

6.12.7 Delay proportionality factor

Delay proportionality factor has been taken frora (il model in [WIN1D54]. The percentiles for the
CDF of the delay proportionality factor for scewabl2 are presented in Table 6-27.

Table 6-27: Percentiles of delay proportionality fator.

delay proportionality factorf,
LOS NLOS
10% 2.0 1.2
. 50% 3.8 1.7
Percentile
90% 8.5 2.9
mean 4.7 1.9

6.12.8 Power Angular Spectrum and main DoA offset

The distribution of the main DoA offset has beeketa from the HMSR model in [WIN1D54]. The
percentiles for the CDF of the main DoA offset $senario D2 are presented in the Table 6-28.

Table 6-28: CDF values for the main DoA offset.

Link end BS MS
Propagation LOS | NLOS| LOS NLOS
condition
10 -23.6 - -121.8 -
Percentile | 950 -1.8 } -1.8 }
(degrees) 9o 16.4 - 107.3 -
mean -0.2 - -1.8 -

6.12.9 Number of clusters

The distribution of the number of clusters has bden from the HMSR and D1 models in [WIN1D54].
The percentiles for the CDF of the delay propouiidy factor for scenario D2 are presented in tlabl@
6-29.

Table 6-29: CDF values for number of clusters
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Number of clusters LOS N LOS
10% 1 1.0
50% 5 6.0
Percentile 90% 17 14.0
mean 7.4 6.7

6.12.10 Per-cluster shadowing
Per-cluster shadowing standard deviation is assumbd 3 dB.

6.12.11 Ricean K-factor

The Ricean K-factor has been taken from the HMSRKehm [WIN1D54]. It is constant as a function of
the distance and its value is 6 dB.

6.12.12 Literature research

[CBW95] introduces a Ray-Tracing tool IHE-TUNNELrfthe calculation of signal behaviour in rail-way
tunnels. Typical electrical constants for traimsl aail-way environment are introduced. Typical-tayt

of a High-speed train tunnel is introduced. Dopysleift in the case of two encountering trains can b
very high.

In [KMV+05] two scenarios are considered: Vegetatcenario with a tracks leading through rural
environment covered with trees, and noise bardenario, where concrete walls are placed alongvibe
sides of the tracks. APs are placed near thegraoH the routes are straight so that LOS conditxnst

in the simulations. The train antennas are situatethe roof in the middle of the train. All antasnare
omni-directional. These cases are simulated bytremyng assuming 5 GHz carrier frequency. In both
cases a different power delay profile (PDP) is migtd as well as a different Doppler shift and Deppl
delay spread. The effect of the train passing B®Paquite near the rail-way can be clearly seerhin t
simulations. The Doppler shift is then changed frdrkHz to -2 kHz within one second. These figures
are, of course, dependent on the train speed andistance from the AP to the rail-way as wellfzes t
carrier frequency. In this simulation the trainesg is 400 km/h, carrier frequency 5 GHz and the
distance of AP to the train is only few meters. €aquences for an OFDM based system are considered.
2 kHz Doppler shift is seen problematic for systemth the sub-carrier spacing of same size.

[OKT+04] describes a Japanese WLAN trial systenhwibnnections also to trains. Actually there were
several frequency bands investigated in the tbial,we concentrate here on the one most simildngo
WINNER definitions. There the operating frequensyabout 5 GHz and the band-width is 16.5 MHz
according to the Japanese version of the ETSI BRég¢rLAN2. OFDM is used.

In the trial relays were used for the connectidiiks, in the current WINNER concept: The link betwee
the Access Point and Train (AP — MR) was a Moviegdier Link at 5 GHz frequency. The links from
the MR to the Users operated at 2.4 GHz. The MRrardg towards the AP was a directive horn antenna,
as the AP antenna. Actually there were two antefimiathe diversity effect in the APs and MR. The
placement in the train, deduced from a picture, atake end of the carriage roof. For a High-Sptesid
possibly a questionable positioning, but the regmbpeed was not actually High-Speed level, bwai

120 km/h in this trial. The MR antennas towards WEs were dipole antennas, two per MR for the
diversity. The placement of the AP was near this about 3 m) and the height was about 2 m, daetluce
by a figure. Obviously the strategy was to illumadhe train from the direction of the rails. Tlis
consistent with the placing of the MR antennas.

The trial showed that OFDM signal could be trantaditup to 800 m, although the obtained throughput
decreased to 14 per cent from the maximum withirtbeeasing distance and train speed. Doppler did no
cause any problem in the trials and hand over \pasated with success.

[AGV98] discusses propagation in High Speed Trainnels at 2.154 GHz carrier frequency in 53.85
MHz RF bandwidth (chip rate). Vertical polarisatisras transmitted. Path-loss was found to change
about 30 dB in 200 m distance from the BS locatibime BS height 3.7 m inside the tunnel gave good
results for path-loss. RMS delay spread ranged fabout 10 to 250 ns. Cross-polarisation value of 18
dB was obtained. Doppler frequency correspondiegsgieed 350 km/h was measured to be about 800 Hz
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and Doppler spread of 200 Hz was reported. Theegahave to be calculated from normalised values,
because 350 km/h is not a realistic measuring itgloc

In [KBM+06] the authors investigate the effect afing directive antennas at the moving High Speed
Train in similar scenarios as in [KMV+05]. The réswshow that by using directive antennas the RMS
delay spread can be reduced near 25 % of the pomdimg values of the omni-directional case. The
Doppler spreads behave in a similar manner. THiexeece clearly shows the benefit of using directiv
antennas in the train.

[AlOO] discusses the provision of voice serviceshtgh-speed trains based on literature. The authors
consider fast fading, Doppler, slow fading, penairaloss and propagation in tunnels. The aim irtd
good channel models for the train scenario. Theudsion is mostly based on GSM due to the ageeof th
references used. Many references are from the Earoproject MOSTRAIN. However, some results are
relevant for WINNER, at least with some updatinfeTauthors discuss the slow fading experienced in
deep cuttings, if off-track-side Base Stationswased. On the other hand they claim that track-Bidse
Stations suffer from high penetration loss from B&to the interior of the train. However, thisexff has
been removed in WINNER, where Moving Relays arelwsigh the antennas on top of the train. Another
problem of the track-side Base Stations remainthefast change of the mean Doppler shift neaBi8.

Propagation in tunnels is discussed in severatlasti like in [AGV98]. In [AIOQ] the authors conala
that the tunnels provide a good propagation mediithough the measurements have been performed at
2 GHz, the result should remain valid also forridwege 2 — 6 GHz as well.

6.12.13 Interpretation of the results

As discussed above, the model is not completelydbes cope for only the LOS connections between
the BS and MRS. The tunnels and other NLOS enviemimhave not been coped for. In addition, the
systematic inclusion of the Doppler shift and Wslation is still missing. In spite of this the malds a
good start for specifying the D2a link BS to MRS:cArding to literature, the tunnel environment was
claimed to be a rather favourable one for thetfasts.

Our model provides the other relevant parameterstfe simulations and the scenario definition is
compliant with many of the current trials.

6.13 Peer-to-peer channel models

Peer-to-peer connection describes a direct radiodetween two user terminals. Both the user teatsin
are about at equal heights from the ground levad, lzave similar type of antennas. Measurements for
peer-to-peer connections have already been maddNNER in outdoor and indoor environments. For
this phase and deliverable, however, the channdetador peer-to-peer links were considered of lowe
priority, and therefore the channel models for éhbave been planned for the final deliverable 6720

7. Parameter Tables for CDL Models

In the CDL model each cluster is composed of 28 raigh fixed offset angles and identical powertha
case of cluster where a ray of dominant power gxtse cluster has 20+1 rays. This dominant rayahas
zero angle offset. The departure and arrival ragscaupled randomly. The CDL table of all scenagbs
interest are give below, where the cluster poweat te power of each ray are tabulated. The CDL
models offer well-defined radio channels with fixgdrameters to obtain comparable simulation results
with relatively non-complicated channel models.

Delay spread and azimuth spreads medians of the i@&dels are equal to median values given in Table
4-8.

7.1 Al — Indoor small office

The CDL parameters of LOS and NLOS condition axegibelow. In the LOS model Ricean K-factor is
8.1 dB, which corresponds to 3m distance betweearntixRx.
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Table 7-1 Scenario Al: LOS Clustered delay line maa, indoor environment.
Cluster # Delay [ns] Power [dB] AoD [ AoA[9] Raower [dB]
1 o| 5] 10| o] -151-169] © 0 |-0.23% -22.9%
2 10 -15.8 -107 -110 -28.8
3 25 -13.5 -100 102 -26.5 o |o
4 50| 55| 60| -15.1-17.3]-19.1] 131 -134 -25.1 i
5 65 -19.2 118 121 -32.2 9) (jf)
6 75 -23.5 131 -134 -36.5 f f
7 75 -18.3 116 -118 -31.3 % %
8 115 -23.3 131 -134 -36.4 8 8
9 115 -29.1 146 149 -42.2
10 145 -14.2 102 105 -27.2
11 195 -21.6 -126 129 -34.6
12 350 -23.4 131 -134 -36.4
Power of dominant ray,
™ Power of each other ray
(,'\\/V ]
s VIMAML A

Table 7-2 Scenario Al: NLOS Clustered delay line odel, indoor environment.

Normalized Power [dB]
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Figure 7-1: PDP and frequency correlation (FCF) ofcDL model.

Cluster AoD

# Delay [ns] Power [dB] [°] AoA [°] |Ray power [dB]

1 0| 5] 10] -3d-5.2[-70] o0 0 -13.0

2 5 -4.0 59 -55 -17.0

3 20 -4.7 -64 -59 -17.7

4 25 -9.0 89 -82 -22.0

5 30 -8.0 83 77 210 | b
6 30| 35| 40| -40-6.2]-8.0] -67 62 -14.0 A
7 35 1.1 32 29 ‘142 |9
8 45 -5.2 -67 62 182 | 5
9 55 -9.5 -91 -84 225 | @
10 65 -7.9 -83 77 209 |©O
11 75 -6.8 77 71 -19.8

12 90 -14.8 -113 105 -27.8

13 110 -12.8 -106 98 -25.8

14 140 -14.1 111|  -103 -27.2

15 210 -26.7 -152 141 -39.7

16 250 -32.5 -168]  -156 -45.5

= 5o

Cluster ASA
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Figure 7-2: PDP and frequency correlation (FCF) of2DL model.

7.2 A2 — Indoor to outdoor

Table 7-3 Scenario A2: NLOS Clustered delay line odel, indoor to outdoor environment.

Cluster # Delay [ns] Power [dB] [ AoD [°]| AoA [°] | Ray power [dB]
1 0 -4.2 66 -30 -17.2
2 5 | 10] 15| -3.d 5.4 -7.0 0 0 -13.0
3 5 -5.2 -74 34 -18.2
4 10 -5.8 -78 -36 -18.8
5 15| 20| 25| 394 61 -7.9 58 27 -13.9
6 45 -3.4 -59 27 -16.4
7 60 -3.3 58 27 -16.3
8 85 -3.8 63 29 -16.8
9 125 -4.1 -65 -30 -17.1
10 140 -14.6 -123 -56 -27.6
11 210 -14.7 -123 57 -27.7
12 250 -17.6 -135 -62 -30.6
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Figure 7-3: PDP and frequency correlation (FCF) ofcDL model.

7.3 B1 — Urban micro-cell

0

The parameters of the CDL model have been extrdcted measurements with chip frequency of 60
MHz at frequency range of 5.3 GHz. In the LOS nidRieean K-factor is 3.3 dB, which corresponds to
20m distance between Tx and Rx.

Table 7-4 Scenario B1: LOS Clustered delay line mad.

Cluster # Delay [ns] Power [dB] AoD [9] AoA[9] Raower [dB]c'7') )
1 0 0.0 0 0 | 031]-247 s s &
> 30| 35| 40| -105-12.7]-145] 5 45 205 |5 '3 v
3 55 14.8 8 63 278 b ©
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4 60 | 65| 70| -13.6-15.8|-17.6| 8 -69 -23.6
5 105 -13.9 7 61 -26.9
6 115 -17.8 8 -69 -30.8
7 250 -19.6 -9 73 -32.6
8 460 -31.4 11 92 44.4

Power of dominant ray,
Power of each other ray
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Figure 7-4: PDP and frequency correlation (FCF) of2DL model.

Table 7-5 Scenario B1: NLOS Clustered delay line nutzl.

cluster | delay | Power | AoD AoA K- MS speed = 50 km/h,
# [ns] | [dB] ] [°] | factor direction U(G,360)
[dB]
1 0 -1.25 4 0 9 -1:8] -20.8
2 10 0 40 25 6 2| 17
3 40 -0.38 | -10. 29 -10.38
4 60 -0.10 48. -31 -10.10
5 85 -0.73 | -36. 37 -10.73
6 110 | -0.63 -40 21 -10.63 < N
9 N o ™ S
7 135 | -1.78 -26 13 " 1178 | o | S I T
8 165 | -4.07 -28 117 Joi = -1407 | & | & % &
— (%))
9 190 | -5.12 -12 21 é =} -15.12 212 |= o
10 220 | -6.34 -14 1 P ] -16.34 - | = | ® ®
> = © @© 0 n
11 245 | -7.35 14 15 . s |8 -17.35 | 9 | < <
12 270 | -8.86 8 9 ' ° = -18.86 f R O
[} o [0} (0] ) 7
13 300 | -10.1 24 19 £ -20.1 5 | g |8 S
14 325 | -10.5 -14 1 e -20.5 S | S | & §
15 350 | -11.3 22 -13 -21.3 ©
16 375 | -12.6 2 11 -22.6
17 405 | -13.9 8 -1 -23.9
18 430 | -14.1 -2 43 -24.1
19 460 | -15.3 -10 33 -25.3
20 485 | -16.3 -54 -19 -26.3

Power of dominant ray,
Power of each other ray
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*  Clusters with high K-factor will have 11 rays.
7.4 B2 — Bad Urban micro-cell
Table 7-6 Scenario B2: NLOS Clustered delay linmodel, bad urban, microcell
Cluster# Delay [ns] Power [dB] AoD [°] | AoA [°] | Ray power [dB]
1 0 5 10 | -3.0] -5.2 -7.( 0 0 -13.0
2 25 30 35| -34 -5 -7 -14 31 -13.4
3 25 -1.7 -13 30 -14.7
4 35 -1.9 -14 31 -14.9 % &
5 45 -2.2 15 -34 -15.2 i
6 70 -5.0 22 51 180 | D1
7 70 -3.6 19 44 166 || <
8 90 -3.8 -19 -45 168 | 2| 2
9 155 -6.4 -25 -58 194 |38
10 170 -2.7 -17 -38 -15.7
11 180 -7.5 -27 -63 -20.5
12 395 -16.5 -41 93 -29.5
13 1600 -5.7 -110 15 -18.7
14 2800 -7.7 75 -25 -20.7

Normalized Power [dB]
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Figure 7-5: PDP and frequency correlation (FCF) ofDL model.

7.5 B3 — Indoor hotspot
The CDL parameters of LOS and NLOS condition axegibelow. In the LOS model Ricean K-factor is

0.3 dB, which corresponds to 20m distance betweeand RXx.

Table 7-7 Scenario B3: LOS Clustered delay line ma.

100

Cluster # Delay [ns] Power [dB] AoD [9] AoA[9] Raower [dB] b | b
1 0| 5| 10| 00| -85 -102 0O 0 117 1163 | A 2
2 20 | 25| 30| -14.6-16.9]-18.6] -93 43 -24.6 2192
3 100 -14.8 -94 -44 278 |&5| &
4 110 -14.4 -93 43 274 | 3|3
5 135 -16.5 -99 46 295 |9 |©

Power of dominant ray,
Power of each other ray
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Figure 7-6: PDP and frequency correlation (FCF) ofDL model.

Table 7-8 Scenario B3: NLOS Clustered delay line nutzl.

100

cluster| delay | Power | AoD AoOA MS speed = 1.5 km/h.

# [ns] [dB] [] ] direction U(G,36C)

1 0 0 193] -1.3 -10

2 5 -05 | -143] 08 -10.5

3 10 -1.08 | -125 1 -11.08

4 15 -1.63 | -29| -17 -11.63

5 20 217 -344 93 -12.1]

6 25 276 | -121] 9.1 -12.76

7 30 -3.26 | -208 97 o 13260 | o | & | o
8 40 | -435| 68| 22 T 2a3p S | w | |1
9 50 -543| -56 1,2 8l g -15.43.;”I ;H' % Y
10 60 -652| 1,0 09| 8| 2|2 1652, | |= |2
11 70 761 191 66| .| @ g | A7ep= “lsls
12 80 -8.69 | -249 48 § g & —18.69(‘;5 ; 2 i
13 90 978 143 22| Q| 5| & 1978 | < |2 |G
14 100 | -10.87| 48,0 -16,6 2@ 20878 | & | S é
15 110 | -11.95] 249 -33 = -21.95% 31§18
16 120 | -13.04] -233 197 -23.04 ©

17 140 | -15.21] -37,2 36,7 -25.21

18 160 | -17.38] 39,2 -39 -27.38

19 180 | -19.56] 29,2  -09 -29.56

20 200 | -21.73] 252 51 -31.73

21 210 | -22.82[ -35| -189 -32.82

22 220 | -2391] -25,6 -83 -33.91
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7.6 B4 — Qutdoor to indoor

Table 7-9 Scenario B4: NLOS Clustered delay line adel, outdoor to indoor environment

Cluster # Delay [ns] Power [dB] AoD [°] | AoA [°] | Ray power [dB]

1 0 7.7 29 102 -20.8

2 10| 15] 20| -30 52 70 o0 0 -13.0

3 20 -3.7 20 70 167 | e | g,
4 35 -3.0 -18 -64 16.0 | 1| 1
5 35 -3.0 18 -63 160 | DS
6 50 -3.7 20 70 167 || <
7 55 | 60| 65| -54 -7 -94 29 100 154 | 2| 2
8 140 -5.3 24 84 183 |3 |8
9 175 -7.6 29 100 -20.6

10 190 -4.3 -21 76 -17.3

11 220 -12.0 36 -126 -25.0

12 585 -20.0 46 163 -33.0

2
Ny
-4 o
o1 \/(\ 08
° 07
-8
06
4
03
-16 02
18 01

100 200 300 400 500 600 0 20 40 60 80 100

Figure 7-7: PDP and frequency correlation (FCF) ofcDL model.

7.7 C1 — Urban macro-cell

The CDL parameters of LOS and NLOS condition axegibelow. In the LOS model Ricean K-factor is
12.9 dB, which corresponds to 200m distance betweeand Rx.

Table 7-10 Scenario C1: LOS Clustered delay line adel, suburban environment.

Cluster # Delay [ns] Power [dB] AoD [9] AoA[9] Raower [dB]
1 0| 5] 10| 00| -258271] o 0 -0.02 | -33.1°
2 85 -21.6 -29 -144 -34.7
3 135 -26.3 -32 -159 -39.3
4 135 -25.1 -31 155 -38.1
5 170 -25.4 31 156 -38.4 fl? ‘LT?
6 190 -22.0 29 -146 350 | ala
7 275 -29.2 -33 168 422 | 2192
8 290| 295 300 -24j826.5|-28.2] 35 -176 -34.3 |
9 290 -23.2 -30 149 362 | 3|2
10 410 -32.2 35 -176 -45.2 0|0
11 445 -26.5 -32 -159 -39.5
12 500 -32.1 35 -176 -45.1
13 620 -28.5 33 -165 -41.5
14 655 -30.5 34 -171 -43.5
15 960 -32.6 35 177 -45.6

Power of dominant ray,
Power of each other ray

ok
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Figure 7-8: PDP and frequency correlation (FCF) ofcDL model.

Table 7-11 Clustered delay-line model for ScenariC1 NLOS

Cluster AoD
# Delay [ns] Power [dB] [°] AoA [°] | Ray power [dB]
1 0| 5] 10] -34-52] 70| o 0 -13.0
2 25 -75 13 71 -20.5
3 35 -10.5 -15 -84 -23.5 .
4 35 -3.2 -8 46 -16.2 &9
5 45| 50| 55| -6.1-8.3]-10.1] 12 -66 -16.1 Al
6 65 -14.0 -17 -97 270 |9 @
7 65 -6.4 12 -66 194 | 5| g
8 75 -3.1 -8 -46 161 | 8| g
9 145 -4.6 -10 -56 176 | O |G
10 160 -8.0 -13 73 -21.0
11 195 -7.2 12 70 -20.2
12 200 -3.1 8 -46 -16.1
13 205 -9.5 14 -80 -22.5
14 770 -22.4 22 123 -35.4
X o)
E'ﬂ ;Zj i J

300
Exces

ss Delay [ns]

Figure 7-9: PDP and frequency correlation (FCF) ofDL model.
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7.8 C2 — Urban macro-cell
Table 7-12 Scenario C2: NLOS Clustered delay linmodel.
Cluster# Delay [ns] Power [dB] Aol}’] | AoA [°] | Ray power [dB]
1 0 -6.4 11 61 -19.5
2 60 -3.4 -8 44 -16.4
3 75 2.0 -6 -34 -15.0
4 145| 150| 155] -39 52 -7p 0 0 -13.0
5 150 -1.9 6 33 -14.9
6 190 -3.4 8 -44 -16.4
7 220| 225] 230] -34 56 -7k -12 -67 134 | g | &
8 335 4.6 9 52 17.7 |
9 370 -7.8 -12 -67 208 | 3 a
10 430 -7.8 -12 -67 208 | L[| <
11 510 9.3 13 -73 223 | 2 %
12 685 -12.0 15 -83 250 | 3 2
13 725 -8.5 -12 -70 -21.5
14 735 -13.2 -15 87 -26.2
15 800 -11.2 -14 80 -24.2
16 960 -20.8 19 109 -33.8
17 1020 -14.5 -16 91 -27.5
18 1100 -11.7 15 -82 -24.7
19 1210 -17.2 18 99 -30.2
20 1845 -16.7 17 98 -29.7

Normalized Power [dB]

T

| L
0 200 400 600 800 1000 1200 1400 1600 1800
Excess Delay [ns]

40 60
Frequency [MHz]

Figure 7-10: PDP and frequency correlation (FCF) o£DL model.

7.9 C3 — Bad urban macro-cell

The CDL parameters of NLOS condition are given belo

Table 7-13 Scenario C3: NLOS Clustered delay lineodel, bad urban, macrocell

Cluster # Delay [ns] Power [dB] AoD [°] AoA[°]| Raypower[dB

1 0 -4.7 -10 61 -17.7

2 0| 5] 10] 3] 54 -7 0 0 -13 &
3 10 -7.2 12 -75 202 | A
4 10 -6.3 -11 -70 193 | 2
5 30| 35| 40| -48 -7 | 88| -12 76 -14.8 I3
6 50 -3.7 -9 53 167 | 3
7 80 7.4 12 76 204 |°
8 110 -7.2 12 -75 -20.2

9 155 -9.6 14 -87 -22.7

15°

Cluster ASA
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10 165 -5.2 -10 64 -18.3
11 165 -6.3 11 70 -19.3
12 250 -8.9 14 83 -21.9
13 280 -8.5 13 -81 -21.5
14 440 -8.4 13 -81 -21.4
15 490 -8.5 -13 81 -21.5
16 525 -5 10 62 -18

17 665 -10.9 15 92 -23.9
18 685 -10.9 15 92 -24

19 4800 -9.7 -135 25 -22.7
20 7100 -13 80 40 -26

7.10 D1 — Rural macro-cell
The CDL parameters of LOS and NLOS condition axegibelow. In the LOS model Ricean K-factor is

13.7 dB, which corresponds to 500m distance betweeand Rx.

Table 7-14 Scenario D1: LOS Clustered delay linmodel, rural environment.

Cluster # Delay [ns] Power [dB] AoD [ AoA[9] Raower [dB]
1 o| 5] 10| o0.0] -15.0-16.8] © 0 |-0.23%-22.8%
2 20 -15.5 17 44 -28.5
3 20 -16.2 17 -45 292 |&|&
4 25| 30| 35| -15.3-17.5/-19.2] 18 -48 -25.3 Ala
5 45 -20.5 -19 50 335 |22
6 65 -18.9 18 -48 319 |55
7 65 -21.1 -19 51 342 |B|%
8 90 -23.6 -20 -54 -36.6 |O|O
9 125 -26.1 -22 57 -39.1
10 180 -29.4 23 -60 -42.4
11 190 -28.3 22 59 -41.3
" Power of dominant ray,
™ Power of each other ray

3

Normalized Power [dB]
o . .
3

n
b}

0 20 40 60 8 100 120 140 160 180
Excess Delay [ns]

40
Frequency [MHz]

60 80 100

Figure 7-11: PDP and frequency correlation (FCF) o£DL model.
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Table 7-15 Scenario D1: NLOS Clustered delay lexmodel, rural environment.
Cluster # Delay [ns] Power [dB] AoD [°] | AoA [°] | Ray power [dB]
1 0 5 | 10| -3.0 524 -7 0 0 -13.0
2 0 -1.8 -8 28 148 | g, |,
3 5 -3.3 -10 38 -16.3 |
4 10| 15] 20| 48 -74 -88 15 -55 148 | 313
5 20 -5.3 13 48 183 | L] <
6 25 7.1 15 -55 201 | 2|2
> >
7 55 -9.0 -17 62 220 313
8 100 -4.2 -12 42 -17.2
9 170 -12.4 20 -73 -25.4
10 420 -26.5 29 107 -39.5

-10

Normalized Power [dB]

20

25

A5

i H i 5
0 50 100 150 200 250 300 350 400
Excess Delay [ns]

Los
5

g
Qos-

N/

40 60
Frequency [MHz]

\/\/\ /\;
VV Y VW/\/

Figure 7-12: PDP and frequency correlation (FCF) o£DL model.

7.10.1 D2a — Moving networks
The CDL parameters of LOS condition are given belowthe LOS model Ricean K-factor is 6 dB.

Table4.28: Scenario D2: LOS Clustered delay line adel, MRS-MS, rural

Cluster # Delay [ns] Power [dB] AoD [9 AoA[9 Raower [dB] 5 <',':
1 0| 5| 10| 00| -14.1-158] 0 0 -0.29 | -21.9° Q |4
2 70| 75| 80| -13.1-15.3]|-17.1] -64 -171 -23.1 S&| 5
3 465 -23.8 -60 162 368 |2 |B
4 510 -26.6 -64 -171 396 |O |O

" Power of dominant ray,
™ Power of each other ray

Normalized Power [dB]

L
200

300

Excess Delay [ns]

400 501

5]
206
]

\VAVAVAN

40 60
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Figure 7-13: PDP and frequency correlation (FCF) o£DL model.
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7.11 Fixed feeder links - Scenario B5

For the stationary feeder scenarios only CDL motlale been created. The CDL models are based on
the parameters in the tables below which are derestly from literature. Note that the CDL models
only approximate the selected parameters. Basieally antenna pattern can be used with the models
However, for the B5 scenario at distances largen tBO0 meters the 3 dB beamwigths of one of the

link ends should be smaller than 10 degrees whéeother is smaller than 53 degrees.

7.11.1 Scenario B5a

The clustered delay-line model for the rooftop tmftop case is given in table below. In stationary
scenarios, i.e. B5, the Doppler shifts of the rangsnot a function of the AoAs. Instead, they drtamed
from the movement of the scatterers. In B5 we tet scatterer per cluster be moving while the othegs
stationary. The Doppler frequency of the movingtstars is also included in tables below.

Table 7-16 Parameters selected for scenario B5a LG®ationary feeder: rooftop to rooftop.

Parameter Value

Power-delay profile Exponential (non-direct paths).

Delay-spread 40ns

K-factor 10dB

XPR 30dB

Doppler A peak centreed around zero Hz with mostregn within
0.1 Hz.

Angle-spread of non-direct components. Gaussiatnitalised clusters with 0.5 degrees intra angle-
spread. Composite angle-spread 2 degrees. Samathn b
ends.

Table 7-17 LOS Clustered Delay-Line model. Rooftope-rooftop.

Freq. of K-
cluster | delay | Power | AoD | AoA one
# [ns] [dB] ] ] scatterer factor MS speed N/A
[dB]
mHz
1 0 -0.39 0.0 0.0 41.6 21.§ -0.42| -35.7° © | o
2 10 -20.6 0.9 0.2 -21.5 I -33.61 2 v | o 3
3 20 -26.8 0.3 1.5 -65.2 :?L -39.81 | em =
= — E — = -
4 50 -24.2 -0.3 2.0 76.2 G -37.21 7 O; 2|2
5 90 -15.3 3.9 0.0 10.5 = g -28.31 = Q||
6 95 -20.5 -0.8 3.6 202| g 3|3 -33.51 1S g |Q
: = o n o<
7 100 -28.0 4.2 -0.7 1.3 5|2 -41.01 <|< o | g
8 180 -18.8 -1.0 40 2.2 g |= -31.81 |82 |8
IS ) Q
9 205 -21.6 5.5 -2.0 -15.4 5 -34.61 2|3|E |5
2 o 8 O
10 260 -19.9 7.6 -4.1 48.9 -32.91

Power of dominant ray,
Power of each other ray
Clusters with high K-factor will have 21 rays.

+

7.11.2 Scenario B5b

The clustered delay-line model for rangel, rangeRrange3 (i.e. path loss < 85 dB, 85 dB < path tos
110 dB, path loss > 110dB), is given in tables felo
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Table 7-18 Parameters selected for scenario BSHIS stationary feeder: street-level to street-level.

Parameter

Value

Shadow-fading

r<r
cfreeZBdBn b ’

Jbeyond:7dB r> rb

Range definition

Range 1: Loss <85, Range 2: 85s€d%0, Range 3: Loss>110.

Power-delay profile

Exponential (of non-direct pgth

Delay-spread

Range 1: 30ns. Range 2: 110ns. Rarg898s.

K-factor Range 1: 10. Rang2: 2. Range 3: 1.
XPR 9dB.
Doppler The spectrum has a peak at OHz and mass @ower within an

few Hz.

Angle-spread of non-direct

Clusters are uniform distributed [0,360]. Intrastler spread i$

components. 2degrees.
Table 7-19 Clustered delay-line model street-levéd street-level range 1.
cluster | delay| Power | AoD AOA Freq. K- MS speed N/A
# [ns] | [dB] [ [ of one | factor
scatterer| [dB]
mHz

1 0 -0.37 0.0 0.0 744 20.0 -of44 -33.4"
2 5 -15.9 -71.7 70.0 -5 -28.91
3 15 -22.2 167.4 -27.5 -2872 -35.21
4 20 -24.9 -143.2 106.4 434 -37.91
5 40 -26.6 34.6 94.8 295 -39.61
6 45 -26.2 -11.2 -94.0 118 -39.21 NV
7 50 -22.3 78.2 48.6 2576 floxll -35.31 PN % o
8 70 -22.3 129.2 -96.6 400 5| — -35.31 = | &= e s
9 105 | -29.5 -113.2 41.7 71 g 3 4251 219 2 a
10 | 105 | -17.7 | -135] -833| 3069 7 | g 3071 |z |5 |8 | ®
11 125 | -29.6 145.2 176.8 1153 8 g8 4261 | |lwn |2 |2
12 | 135 | 266 | -172d 937 772 S|z 3061 | “ [T le|e

() o [ [} %) 7}
13 140 -23.4 93.7 -6.4 1298 'E -36.41 § § = S
14 240 | -30.3 106.5 160.3 -343 > 24331 | S | ° | § £
15 300 | -27.7 -67.0 -50.1 -7 -40.71 ©1°
16 345 | -34.8 -95.1 -149.6 -186 -47.81
17 430 | -385 -2.0 161.5 -2287 -51.51
18 440 | -38.6 66.7 68.7 26 -51.61
19 465 | -33.7 160.1 41.6 -1342 -46.71
20 625 -35.2 -21.8 142.2 -61 -48.21

Power of dominant ray,
Power of each other ray

o

+

Clusters with high K-factor will have 21 rays.
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Table 7-20 Clustered delay-line model street-levéd street-level range 2.
cluster| delay | Power| AoD | AoA [9] K- MS speed N/A
# [ns] [dB] [°] Freq. of | factor
one [dB]
scatterer
mHz
1 -1.5 0.0 0.0 744 13.0 -i.7| 217
2 5 -10.2 -71.7 70.0 -5 -23.21
3 30 -16.6 167.4 -27.5 -2872 -29.61
4 45 -19.2 -143.2 106.4 434 -32.21
5 75 -20.9 34.6 94.8 294 -33.91
6 90 -20.6 -11.2 -94.0 118 -33.61 © N
7 105 | -166| 782| 486 2576 floxln 2961 | | S %
8 140 -16.6 129.2 -96.6 400 5 . -29.61 = | 5 & | =
9 210 -23.9 | -113.2 41.7 71 g 3 3691 | 2| @ e @
10 210 -12.0 -13.5 -83.3 3069 i 0;9 -25.01 5| ® « «
11 250 | -239| 1452 1768 1153 8 S 3691 || o |2 |Z
12 270 210 -1720 93.7 772 § z -34.01 f f L1 2
) @ [} [J] 0 7}
13 275 -17.7 93.7 -6.4 1298 -E -30.71 ‘g § = S
14 475 246 | 1065 160.3 -343 3 3761 | o] ©° | § |5
15 595 -22.0 -67.0 -50.1 -7 -35.01 © ©
16 690 -29.2 -95.1 -149.6 -186 -42.21
17 855 -32.9 -2.0 161.5 -2288 -45.91
18 880 -32.9 66.7 68.7 26 -45.91
19 935 -28.0 160.1 41.6 -1342 -41.01
20 1245 -29.6 -21.8 142.2 -61 -42.61
Power of dominant ray,
™ Power of each other ray
*  Clusters with high K-factor will have 21 rays.
Table 7-21 Clustered delay-line model street-levéd street-level range 3.
cluster | delay | Power | AoD AOA | Freq.of| K- MS speed N/A
# [ns] [dB] [©] [©] one factor
scatterer| [dB]
mHz
1 0 -2.6 0.0 0.0 744 10.0 -é.q -26.0°
2 10 -8.5 -71.7 70.0 -5 -21.51
3 90 148 | 167.4] 275 -2872 . -27.81 X 3
4 135 -17.5 -143.2 106.4 434 fl\ll -30.51 ‘: ‘;‘ 'L,z <|1|3
5 230 -19.2 34.6 94.8 295 5| — -32.21 = |5 ==
6 275 | -188 | -112| 940 118 g 5 3181 |2 | Q| 2|3
7 310 -14.9 78.2 48.6 2576 z g -27.91 5 = | &
8 420 -149 [ 1292  -96.6 400 | 8 g1 e 2791 | g | 0| 2|9
T | > < | <
9 630 -22.1 -113.2 41.7 71 5 g -35.11 5 5 % %
10 635 -10.3 -135 -83.3 3069 -g -23.31 § 'tg S S
11 745 222 | 1452] 1768 1153 = 3521 | S| °| B &
12 815 -19.2 -172.0 93.7 =772 -32.21 €10
13 830 -16.0 93.7 -6.4 1298 -29.01
14 1430 -22.9 106.5 160.3 -343 -35.91
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15 1790 -20.3 -67.0 -50.1 -7 -33.31
16 2075 -27.4 -95.1 -149.6 -186 -40.41
17 2570 -31.1 -2.0 161.5 -2287 -44.11
18 2635 -31.2 66.7 68.7 26 -44.21
19 2800 -26.3 160.1 41.6 -1342 -39.31
20 3740 -27.8 -21.8 142.2 -61 -40.81

Power of dominant ray,
Power of each other ray
Clusters with high K-factor will have 21 rays.

+

7.11.3 Scenario B5c

Model for B5c scenario is same with B1 LOS. Diffece is that in Bfc both the environment and both
link ends are stationary except two clusters, whegresent moving vehicles. In these two clustiitha

rays have different non-zero Doppler frequency.

Table 7-22 B5c Clustered Delay-Line model.

cluster | delay | Power| AoD | AoA [’] | Freq. of | K- MS speed N/A
# [ns] [dB] [ one factor
scatterer| [dB]
mHz
1 0 0 0 0 -127 33| 167 180 | @ | o | i
2 30 | 117 5 45 385 g | 271 || " e | &
3 55 | 148 | 8 63 879 S ) 2781 | o | a = |2
4 60 | -148| 8 69 o 5. 2 2781 | 2| 5 |2y &
5 105 -13.9 7 61 . 8 sq9 & -26.91 9 Q| g Y :
6 115 | -17.8 8 -69 -735 2|3 3081 | o5 | g |3
7 250 | -196| -9 73 -274 S 3261 | 2|3 |35 | &
8 460 | 314 | 11 92 691 < 4441 5| ° 3
¥ Power of dominant ray,
™ Power of each other ray
*  Clusters with high K-factor will have 21 rays.
™ Frequency for 20 scatterers in Hz is {45.0, 456&0446.5, ... , 54.5}
*  Frequency for 20 scatterers in Hz is {-55.0, -5556,0, -56.5, ... , -64.5}
7.11.4 Scenario B5f
Model for B5f scenario is NLOS version of B5a madel
Table 7-23 Parameters selected for scenario B5f NL$stationary feeder: rooftop to rooftop.
Parameter Value
Power-delay profile Exponential (non-direct paths).
Delay-spread 85ns
K-factor -0 dB
XPR 10dB
Doppler A peak centreed around zero Hz with most energy
within 0.1 Hz.
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Table 7-24 B5f Clustered Delay-Line model. Rooftope-rooftop NLOS.
Freq. of K-
cluster | delay | Power | AoD | AoA one
# [ns] [dB] [©] [©] scatterer, fﬁjcéc])r MS speed N/A
mHz

1 0 0.1 0.0 0.0 41.6 -13.11 9 [~

I 0 | n : | @
2 10 5.3 0.9 0.2 215 « -18.31 s |g|0|q
3 20 115 | 0.3 15 -65.2 8 -24.51 e | =

— = | =

4 50 8.9 03] 20 76.2 ERES -21.91 ol 2|8
5 920 0.0 3.9 0.0 10.5 @ g -13.01 f 2 2 | ®
6 95 52 | 08| 36| 202| - |E|8 182 |0 | |2 ]2
7 100 -12.7 4.2 0.7 13 N -25.71 << lg |8

8 |&x 5|8|@ |8
8 180 -35 -1.0 4.0 2.2 g -16.51 2188 2
9 205 6.3 55 -2.0 -15.4 = -19.31 3|3 |5 3

(@]

10 260 -4.6 7.6 -4.1 48.9 -17.61
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8. Reference Implementation Interfaces

This section describes example input and outpw@rfimtes of the WIM2 channel model function in
Matlab format. Parameter sets are still incompbete not sufficient to model all the features of the
WINNER2 model.

WINNER channel model needs as an input the gernefaimation like channel scenario and MIMO
setup, antenna configurations like radiation paternd array geometries and system layout infoomati
like relative distances and orientations of th@drivers. Output of the model is a set of discrhsenel
impulse responses with matrix coefficients (see4€). Entries of the matrices are complex channel
coefficients for each transmitter receiver anterglament pairs. Channel impulse responses are
realisations of the radio channel for discrete tingants and for different radio links.

8.1.1 Example of input parameters
There are four input arguments, all of which are MLAB structures. The first three input structures

("wimpar”, “linkpar”, and “antpar’) are manddory. The following tables describe all the fielofsthe
input structures.

The most of input parameters belong to one of thlewing groups:

« Model (M) parameters are defined by the channelehodture itself. One example can be
Number of rays per path which is fixed to 10.

« System (S) parameters are parameters definingrthdated communication system e.g., centre
frequency, MS velocity etc.

* Network Layout (NL) parameters together definegimsulated network.

« Antenna array (AN) parameters are collection obpaeters needed to define the antenna arrays
at the BS and at the MS.

e Environment (E) parameters are defining the enwvitents around BS and MS and between
them.

< Implementation (I) parameters are defining the fatrof the output data, or improving the
implementation.

Table 8-1: General channel model parameters. Commdfor all links. Structure name is"wimpar”,
m-file name  wimparset.m”.

Parameter name Definition Default Unit Parameter
value type

The number of elements in the BS array. This AN
parameter is ignored if antenna patterns are difing
NumBsElements in the input struct ANTPAR. In this case the number 2 -
of BS elements is extracted from the antenna
definition.

The number of elements in the MS array. This AN
parameter is ignored if antenna patterns are difing
NumMsElements in the input struct ANTPAR. In this case the numbe
of BS elements is extracted from the antenna
definition.

_‘
N
'

s . Selected WIM channel scenario (‘Al’, ‘B1’, ‘C2’ or| ‘Al’ E
cenario D1 -

If scenario is B5b, the path-loss ranges 1, 2 aack3 E

range defined as in D1.1

Observation end time for B5 scenario - time pointg S
end_time are taken as: 1 second
wimpar.TimeVector=linspace(0,wimpar.end_time,T);

Line of sight condition (‘LOS’, 'NLOS’). Select , E

PropagCondition either line of sight or non line of sight model.

Time sampling interval of the channel. A value samples/half S
SampleDensity greater than one should be selected if Doppler 2 wav?elen th
analysis is to be done. 9

Number of channel samples (impulse response S

NumTimeSamples matrices) to generate per link. 100 )
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UniformTimeSampling

If this parameter has value ‘yes’ time sampling
interval of the channel for each user will be equal
Sampling interval will be calculated from the

SampleDensity and the highest velocity found in the

input parameter vector MsVelocity. If this paranmet
has value 'no’, then the time sampling interval fo
each link will be different, if MSs have different
speeds (see userpar.MsVelocity). Setting this
parameters ‘yes’ may be useful in some system-le
simulations where all simulated links need to be
sampled at equal time intervals, regardless of MS
speeds.

=Y

vel

NumSubPathsPerPath

Number of rays per path. The only value suppornte
the WIM implementation is 10 rays.

0 i 10

FixedPdpUsed

Use tabulated delays instead of drawing random
values for each drop yes/no. If FixedPdpUsed="ye

the delays and powers of paths are taken fromle.tab

Lt
D!

FixedAnglesUsed

Use tabulated angles instead of drawing random
values for each drop yes/no. If
FixedAnglesUsed='yes', the AoD/A0As are taken
from a table. Random pairing of AoDs and AoAs is
not used.

PolarisedArrays

Defines usage of polarised arrays

AN

CenterFrequency

Carrier centre-frequency. Affects path loss anabtim
sampling interval.

Hz

System
related

DelaySamplinginterval

Delay sampling interval (detasolution).

sec

PathLossModelUsed

Path-loss included in the channel matrices yesfno
‘no’, PL is calculated and returned in the second
output argument, but not multiplied with the chann
matrices)

ShadowingModelUsed

Shadow fading included in the channel matrices

yes/no (if ‘no’ shadow fading is still computed and
returned in the second output argument, but not

multiplied with the channel matrices). Note that if
both path loss and shadowing are switched off the
average power of the channel matrix elements will
one (with azimuthally uniform unit gain antennas).

no

PathLossModel

The name of the path-loss function. Function ‘path
loss’ implements the default WIM path-loss modgl
the default is used, centre-frequency is taken fiioen
parameter CenterFrequency. One can define his/H
own path-loss function. For syntax, see PATHLOS

l ‘path-
; loss’

w o

PathLossOption

'RC' or 'RR_light' or 'RR_heavy', RC = Room-
Corridor, RR = Room-Room nlos

RC'

AnsiC_core

Use optimized computation yes/no. With ‘yes’ fast
C-function is used instead of m-function. Note @e
function SCM_MEX_CORE.C must be compiled
before usage. For more information, see
SCM_MEX_CORE.M.

er

no

LookUpTable

If optimized computation is used, complex expone
can be either taken from a look-up table to speed
computation or calculated explicitly. This paramete
defines the table size, if O table is not usedlif
default table size2 =16384 is used. The size of the
table must be a power-of-two. If AnsiC_core = ‘no
this parameter is ignored.

nts

integer

RandomSeed

Random seed for fully repeatable channel generatj

(if empty, seed is generated randomly). Note that
even if RandomSeed is the fixed, two channel
realizations may still not be the same between

ion

<empty>

different MATLAB versions.

integer
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Table 8-2: Link-dependent parameters. All the paraneters are vectors of length K, where K is the
number of links. The values are randomly generatedthey are not based on any specific network

geometry or user behaviour model. Structure name i8linkpar”, m-file name “ linkparset.m”.

Para
Parameter name Definition Default value Unit | meter
type
MsBsDistance Distance between BS and MS 1965*RANK)(% 35 m NL
ThetaBs Bgs (seeFigure 5-2 360* RAND(1,K) deg NL
ThetaMs Bus (seeFigure 5-3 360* RAND(1,K) deg NL
MsHeight Height of the mobile station 1.5 m NL
BsHeight Height of the base station 32 m NL
MsVelocity MS velocity 10 m/s
MsDirection 6, (seeFigure 5-2 360* RAND(1,K) deg NL
MsNumber is a positive integer defining the index
number of MS for each link. This parameter is used
generation of inter-site correlated shadow fading
values; shadow fading is correlated for links bemwa
single MS and multiple BSs. There is no correlation
BsNumber shadow fading between different MSs. Examples: The [1:K] - NL
default value is the case where all links in a tathe
SCM function correspond to different MSs. Setting
MsNumber=ones(1,K) corresponds to the case where
the links from a single MS to K different BSs are
simulated.
StreetWidth gtlreet width is utilized only with path-loss moaél 20 m E
Dist1 This is ut|I|z_ed only with path-loss model of B1. [empty matrix] 1xK m E
Parameter is generated randomly if empty.
WallLoss ‘I,Deflnes”penetratlon losses through the “light'dan [5 12] dB M
heavy” wall
Table 8-3: Antenna parameters. The following paramiers characterize the antennas. Currently
only linear uniform arrays with dual-polarized elements are supported. The antenna patterns do
not have to be identical. The complex field pattertvalues for the randomly generated AoDs and
AoAs are interpolated. Structure name is “antpar”, m-file name " antparset.m”.
Parameter name Definition Default value Unit Parsr;:ter
BS antenna field pattern values in a 4D array. The
dimensions are [ELNUM POL EL AZ] =
SIZE(BsGainPattern), where
ELNUM is the number of physical antenna elements i
the array. The elements may be dual-polarized.
POL - polarization. The first dimension is vertical
polarization, the second is horizontal. If the piaiation
option is not used, vertical polarization is assdrieboth
BsGainPattern are given). 1 - AN

EL — elevation. This value is ignored. Only thesffir
element of this dimension is used.

AZ — complex-valued field pattern in the azimuth
dimension given at azimuth angles defined in
BsGainAnglesAz.

If NUMEL(BsGainPattern)=1, all elements are assumnaeq
have uniform gain defined by the value of BsGaitg?at
over the full azimuth angle, and the number of B&ana
elements is defined by NumBsElements. This spepds y
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computation since field pattern interpolation i$ no
required.

BsGainAnglesAz

Vector containing the azimuth angles for the B&ana
field pattern values. These values are assumbd the
same for both polarizations. This value is givedégrees
over the range (-180,180) degrees. If
NUMEL(BsGainPattern)=1, this variable is ignored.

linspace(-
180,180,90)

Deg

AN

BsGainAnglesEl

Vector of elevation angles for definition of BS amha
gain values. This parameter is for future needy;dtd
value is ignored in this implementation (WIM doex n
support elevation).

AN

BsElementPosition

Element spacing for BS linear array in wavelengllisgs
parameter can be either scalar or vector. If scataform
spacing is applied. If vector, values give distanoetween
adjacent elements.

0.5

Wavelength

AN

MsGainPattern

MS antenna field pattern values in a 4D array. The
dimensions are [ELNUM POL EL AZ] =
SIZE(MsGainPattern), where

ELNUM - the number of physical antenna elementhién
array. The elements may be dual-polarized.

POL - polarization. The first dimension is vertical
polarization, the second is horizontal. If the piai@ion
option is not used, vertical polarization is assdrfieboth
are given).

EL — elevation. This value is ignored. Only thesffir
element of this dimension is used.

AZ — complex-valued field pattern in the azimuth
dimension given at azimuth angles defined in
MsGainAnglesAz.

If NUMEL(MsGainPattern)=1, all elements are assume
to have uniform gain defined by the value of
MsGainPattern over the full azimuth angle, and the
number of MS antenna elements is defined by
wimpar.NumMsElements. This speeds up computation
since field pattern interpolation is not needed.

Complex

AN

MsGainAnglesAz

Vector containing the azimuth angles for the MSeanta
field pattern values. These values are assumbd the
same for both polarizations. This value is givedégrees
over the range (-180,180) degrees. If
NUMEL(BsGainPattern)=1, this variable is ignored.

linspace(-
180,180,90)

Deg

AN

MsGainAnglesEl

Vector of elevation angles for definition of MS anba
gain values. This parameter is for future needg;dtd
value is ignored in this implementation (WIM doex n
support elevation).

AN

MsElementPosition

Element spacing for MS linear array in wavelengiiss
parameter can be either scalar or vector. If scatdform
spacing is applied. If vector, values give distanoetween
adjacent elements.

0.5

Wavelength

AN

InterpFunction

The name of the interpolating function. One canaep
this with his own function. For syntax, see integpin.m,
which is the default function. For faster compwtatisee
interp_gain_c.m

‘interp_gain’

InterpMethod

The interpolation method used by the interpolating
function. Available methods depend on the functitime
default function is based on MATLAB's interpl.m
function and supports e.g. ‘linear’ and ‘cubic’ falalt)
methods. Note that some methods, such as ‘lineannot
extrapolate values falling outside the field patter
definition.

‘cubic’
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Table 8-4: Layout parameters are defining the simudted network. Name of m-file is ”
layoutparset.m”.

_— . Parameter
Parameter name Definition Default value Unit type
BsXY matrix of BS (x,y) co-ordinates with dimensions [m] NL
2xNofBs
NofSect vector of number of sectors in each of the BSs ones(1,NofBs) - NL

BsOmega is a matrix with  dimensions
max(NofSect)xNofBs. Each column of the matfix
contains orientations of sectorised arrays witlpees
to some fixed North direction. If some BS have lgss
BsOmega sectors than others, the non-existing sector aiemis ° NL
are set to zero. E.g. setup with 2 BS, one witlecta
and other with 3 sectors. In this case orientatarix
could be e.g. BsOmega =[11 22; 0 33; 0 44]

MsXY matrix of MS (x,y) co-ordinates with dimensions [m] NL
2xNofMs
MsOmega vector of MS array broad side orientations ° NL

n

Pairing is a matrix with dimensions NofSect x NofM

i.e. one entry for each BS sector/MS pair. Value| '1
Pairing stands for "link will be modelled" and value 'Carstls

for "link will not be modelled". E.g. with all ones - NL

matrix, all the MS are connected to all sectorsthWi

e.g. first rows ones and others zeros means, hsltSa

are connected to only 1st sector of 1st BS.
NofMs Number of Mobile Stations 1 m NL
NofBs Number of Base Stations 1 m NL
K number of links 1 m/s NL
rmax layout range 100 [m] NL

. intege

SectPerBs default number of sectors in a BS 1 ; NL
BSrmin minimum distance of BSs 10 [m] NL

Parameter matrices BsGainPattern and MsGainPa2edndimension is either 1 or 2. If polarization
option is in use, the field pattern values havedaiven for vertical and horizontal polarizatidirs this
order). If polarization is not used only the fidsinension, i.e. vertical, is used, if both are give

Note that the mean power of narrowband channelixatements (i.e. summed over delay domain)
depends on the antenna gains. The default anteamartit gain for both polarizations. Hence, the mea
narrowband channel coefficient power is two forlggzed’ option, and one for all other options.

The fourth input argument, is optional. It can lsedito specify the initial AoDs, AoAs, cisoid phase
path losses and shadowing values when WIM is calésirsively, or for testing purposes. If this
argument is given, the random parameter generasotefined in WIM is not needed. Only the antenna
gain values will be interpolated for the suppliedA% and AoDs.

The fields of the MATLAB struct are given in thellfawing table. Notation: K denotes the number of
links, N denotes the number of paths, M denotesitiber of subpaths within a path.

Table 8-5: Initial values, fourth optional input argument.

Parameter name Definition Unit

InitDelays A K x N matrix of path delays. Sec

InitSubPathPowers A K x N x M array of powers loé subpaths. -

InitAods A K x N x M array Degrees

InitAoas AK xNxM array Degrees

InitSubPathPhases A complex_—vglued K x N x M array. When polarizar_tioption degrees
is used, this is a K x P x N x M array, where Pia4his case
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the second dimension includes the phases for [VVHXH
HH] polarized components.

InitPathLosses

A K x 1 vector

Decibel

InitShadowLosses

A K x 1 vector

Decibel

8.1.2 Example of output parameters
There are three output arguments: CHAN, DELAYS, EQOUTPUT. The last two are optional output

parameters. Notation: K denotes the number of Jifkss the number of paths, T the number of time

samples, U the number of receiver elements, aneh8tds the number of transmitter elements.

Table 8-6: The three output arguments.

Parameter name

Definition

CHAN A 5D-array with dimensions U x S x N x T x K
A K x N vector of path delay values. Note that gsla
DELAYS are, for compatibility with the INITVALUES, also
included in FULLOUTPUT.
FULLOUTPUT A MATLAB struct with the following elemss:
d A K x N matrix of path delays. This is identical ttoe
elays
second output argument.
subPathPowers A K x N x M array of subpath powers.
Aods A K x N x M array of subpath angles of depeet degrees
Aoas A K x N x M array of subpath angles of artiva

subpath_phases

A complex-valued K x N x M array giving the final
phases of all subpaths. When polarization option is
used, a K x P x N x M array, where P=4. In thisecas
the second dimension includes the phases for [VV
HV HH] polarized components.

Path_losses

A K x 1 vector

linear scale

shadow_fading

A K x 1 vector

linear scale

A K x 1 vector defining time sampling interval fall

Delta_t links.
A K x 2 x N array of cross-polarization coupling
Xpr power ratios. The second dimension is the [V-to-H H linear scale

to-V] coupling ratios.
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