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Executive Summary

This deliverable presents WINNER Il channel modeidink level and system level simulations of lbca
area, metropolitan area, and wide area wirelessmgritation systems. The models have been evolved
from the WINNER | channel models described in WINNEdeliverable D5.4 and WINNER Il interim
channel models described in deliverable D1.1.1. @tvered propagation scenarios are indoor office,
large indoor hall, indoor-to-outdoor, urban micedtcbad urban micro-cell, outdoor-to-indoor, statry
feeder, suburban macro-cell, urban macro-cell| mexro-cell, and rural moving networks.

The generic WINNER Il channel model follows a getnydbased stochastic channel modelling
approach, which allows creating of an arbitrary lweudirectional radio channel model. The channel
models are antenna independent, i.e., differemremat configurations and different element pattears

be inserted. The channel parameters are deternstmhastically, based on statistical distributions
extracted from channel measurement. The distribstare defined for, e.g., delay spread, delay salue
angle spread, shadow fading, and cross-polarisatio. For each channel snapshot the channel
parameters are calculated from the distributionkar®el realisations are generated by summing
contributions of rays with specific channel paraenetike delay, power, angle-of-arrival and angie-o
departure. Different scenarios are modelled bygusie same approach, but different parameters. The
parameter tables for each scenario are includ#dsrdeliverable.

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 backgrtamthe parameterisation of the propagation
scenarios for both line-of-sight (LOS) and non-LQ$LOS) conditions. These measurements were
conducted by seven partners with different devidé® developed models are based on both literature
and extensive measurement campaigns that havechedsd out within the WINNER | and WINNER I
projects.

The novel features of the WINNER models are itsapwmaterisation, using of the same modelling
approach for both indoor and outdoor environmemgsy scenarios like outdoor-to-indoor and indoor-to-
outdoor, elevation in indoor scenarios, smooth t{arad space) evolution of large-scale and smalksca
channel parameters (including cross-correlatioanyl scenario-dependent polarisation modelling. The
models are scalable from a single single-inputistogitput (SISO) or multiple-input-multiple-output
(MIMO) link to a multi-link MIMO scenario includingpolarisation among other radio channel
dimensions.

WINNER 1l channel models can be used in link leagld 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 up to 100 MHz RF bandwidthe Thodels supports multi-antenna technologies,
polarisation, multi-user, multi-cell, and multi-hoptworks.

This report is divided into two parts. The firstripdefines the channel model structure and paramete
The second part (separate volume) contains moeglelbtinformation about channel measurements and
analysis.
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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 has developed and optimised this contepiards a detailed system definition. [WINNERII]

The radio interface supports the challenging resménts of systems beyond 3G. It is scalable ingarin
carrier bandwidth and carrier frequency range. $hstem concept supports a wide range of radio
environments providing a significant improvementpiarformance and Quality of Service (QoS). The
radio interface optimises the use of spectral nes®) e.g. through the exploitation of actual clehnn
conditions and multiple antenna technology. Newwoeking topologies (e.g. relaying) supports cost-
effective deployments. Support of advanced resomma@eagement and handover eases the deployment of
the WINNER system concept enabling seamless sepvimgsion and global roaming. [WINNERII]

It has been widely understood that radio propagakias a significant impact on the performance of

wireless communication systems. The impact on éutupadband systems is even more important due to
increased data rate, bandwidth, mobility, adaptiipoS, etc. Because of the major influence on the
system performance and complexity, radio channeletsoand simulations have to be more versatile and
accurate than in earlier systems.

WINNER | work package 5 (WP5) focused on widebandtiple-input multiple-output (MIMO) channel
modelling at 5 GHz frequency range. Totally sixtpars were involved in WP5 during 2004 — 2005,
namely Elektrobit, Helsinki University of TechnolggNokia, Royal Institute of Technology (KTH) in
Stockholm, Swiss Federal Institute of TechnologyHizin Zurich, and Technical University of llmenau.
In the beginning of Phase I, existing channel modaedre explored to find out channel models for the
initial use in the WINNER | project. Based on theerature survey, two standardised models were
selected, namely 3GPP/3GPP2 Spatial Channel M&&PPSCM] and IEEE 802.11n. The former is
used in outdoor simulations and the latter in indsionulations. Because the bandwidth of the SCM
model is only 5 MHz, wideband extension (SCME) waseloped in WINNER |. However, in spite of
the modification, the initial models were not adatgu for the advanced WINNER | simulations.
Therefore, new measurement-based models were @edkl®VINNER | generic model was created in
Phase I. It allows creating of arbitrary geometagdd radio channel model. The generic model is ray-
based double-directional multi-link model that rdemna independent, scalable and capable of mogelli
channels for MIMO connections. Statistical disttibns and channel parameters extracted by
measurements at any propagation scenarios canttbd fo the generic model. WINNER | channel
models were based on channel measurements perfaindnd 5 GHz bands during the project. The
models covered the following propagation scenaspscified in WINNER I: indoor, typical urban
micro-cell, typical urban macro-cell, sub-urban neacell, rural macro-cell and stationary feedeklin

In the WINNER Il project work package 1 (WP1) congéd the channel modelling work of WINNER |
and extended the model features, frequency rang® @ GHz), and the number of scenarios. Five
partners were involved, namely Elektrobit, Univrsaf Oulu / Centre for Wireless Communications
(CWC), Technical University of llmenau, Nokia, a@@®mmunication Research Centre (CRC) Canada.
WINNER | models were updated, and a new set of idiomliensional channel models were developed.
They cover wide scope of propagation scenarioseamwi@donments, including indoor-to-outdoor, outdoor-
to-indoor, bad urban micro-cell, bad urban macng-éseder link base station (BS) to fixed relagtsin
(FRS), and moving networks BS to mobile relay stafiMRS), MRS to mobile station (MS). They are
based on generic channel modelling approach, wimieans the possibility to vary number of antennas,
the antenna configurations, geometry and the aatem@am pattern without changing the basic
propagation model. This method enables the usdefsame channel data in different link level and
system level simulations and it is well suited fvaluation of adaptive radio links, equalisation
techniques, coding, modulation, and other transcei@chniques. Models have been developed in two
steps, WINNER Il Interim Channel Models [WIN2D11drd the final WINNER Il Channel Models (this
deliverable, D1.1.2).

This deliverable describes the (final) WINNER Il &imel Models. The models are based on WINNER |
models [WIN1D54] and WINNER Il interim models [WINZ11]. This deliverable covers new features
and new scenarios, such as outdoor-to-indoor unearo-cell and line-of-sight (LOS) urban macro-cell
Some scenarios have been updated. The indoor fptie anoving network scenario has been determined
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and whole the scenario has been updated consigieabliwell as the model for indoor hot-spot. Bad
urban scenarios have also been updated. New featir¢the WINNER Il Channel Models include
modelling of the elevation of rays, treating the $@omponent of the channel model as a random
variable, and moving scatterers in fixed connectidrhe differences in the scenarios Indoor-to-Oertdo
and Outdoor-to-Indoor were noticed to be negligibleerefore these two scenarios have been merged.

Model parameters have been revised in the casesrewmew results have pointed this necessary.
Valuable comments have been received also via atdisétion work in various standardisation bodies,
especially in IEEE802.16m and ITU-R/8F. We havestaknto account several such change proposals.
Probably most important of them is the tuning of path-loss models.

During the projects WINNER | and WINNER 1l the mdsldnave been evolved, mainly by adding new
scenarios in the models, but also by including features. In this process we have tried to corstre
model parameters from changes as much as posslbleever, some changes have been inevitable.
Therefore the models are not exactly the same ig1 ahd the earlier deliverables. The propagation
scenarios from WINNER Phase | have been includethi;i document, partly updated. In WINNER
Phase Il the following new propagation scenariogehaeen created and documented in this document:
indoor-to-outdoor, outdoor-to-indoor, bad urban nmicell, bad urban macro-cell and moving network
scenario. All the propagation scenarios have Heted and introduced in section 2.3. WINNER |1,
WINNER Il interim, and WINNER 1l final models ar@mpared in section 5.5.

The deliverable is divided into two major parts.isTfirst part is the main part and defines the cehn
model structure and parameters. The second pathingnmore detailed information about channel
measurements and analysis performed during prof@tNER | and Il. The two parts are published in
separate volumes to keep the size of each padnabte.

SCM, SCME, and WINNER | channel models have beegpléemented in Matlab, and are available via
WINNER web site. WINNER Il channel model implemeida is planned to be available by the end of
the year 2007.

Sections 1 - 7 cover the following topics. Sectloimtroduces this deliverable. Section 2 expressese
definitions, like the propagation scenarios andoihtices the used measurement tools. Section 3edefin
the channel modelling approach. Section 4 expldiasgeneration of channel coefficients and dessribe
path loss models as well as parameters for genasitels. Section 5 discusses how the channel models
are used in system level (multi-link) simulatiossmpling, transition scenarios, bandwidth/frequency
dependence of the models. Parameter tables focedduariability (CDL) models can be found from
Section 6. Reference list is in Section 7.

Page 8 (82)



WINNER II

D1.1.2V1.2

2. Definitions

2.1 Terminology

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

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

ETSI

FDD

FIR

FL

FRS

FS

GPS
HIPERLAN
HUT

IR

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

Angle of Departure

Access Point (BS)

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

Carrier to Interference ratio
Cumulative Distribution Function
Clustered Delay Line

Concept Group

Channel Impulse Response
Communications Research Centre Canada
Continuous Wave

Direction of Arrival

Direction of Departure

Delay Spread

Elektrobit

Experimentally determined cumulative prolgbdistribution function
Elevation Spread at Arrival

Elevation Spread at Departure
Estimation of Signal Parameters via Rotafitmvariance Techniques

Eidgendssische Technische Hochschule Zirichis$s Federal Institute of Technology
Zurich)

European Telecommunications Standards Institut
Frequency Division Duplex

Finite Impulse Response

Floor Loss, loss between different floors

Fixed Relay Station

Fixed Station

Global Positioning System

High Performance Local Area Network

Helsinki University of Technology (TKK)

Impulse Response
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ISIS Initialization and Search Improved SAGE

KTH Kungliga Tekniska Hogskolan (Royal InstituteTaéchnology 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

NLOS Non Line-of-Sight

NOK Nokia

OFDM Orthogonal Frequency-Division Multiplexing

OLOS Obstructed Line-of-Sight

PAS Power Azimuth Spectrum

PDF Probability Distribution Function

PDP Power-Delay Profile

PL Path Loss

PLO Phase-locked oscillator

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

UE User Equipment (MS)

uouLuU University of Oulu

uT User Terminal (MS)

WA Wide Area

WINNER Wireless World Initiative New Radio

WPx Work Package x of WINNER project

Page 10 (82)



WINNER II D1.1.2V1.2

XPR Cross-Polarisation power Ratio
XPRH Horizontal Polarisation XPR
XPRV Vertical Polarisation XPR
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2.2 List of Symbols

A(e) Change in parameter value
(*)" Transpose
(o)™ Hermitian transpose
(*)* Complex conjugate
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
@ Azimuth arrival angle AoA
7 Azimuth departure angle AoD
y Elevation arrival angle (EA0A)
7 Elevation departure angle (EAoD)
T Delay
G RMS delay spread
Oy RMS angle spread of AoA
g, RMS angle spread of AoD
CaoA cluster-wise RMS angle spread of AoA
CaoD cluster-wise RMS angle spread of AoA
Osk Shadow fading standard deviation
o’ Variance
7 Per cluster shadowing standard deviation
A Wavelength
Ao Wave number
rd 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
s Effective BS antenna height
Nims MS antenna height
hime Effective MS antenna height
Kr Ricean K-factor
n Index to cluster
Power
ry AoA distribution proportionality factor
Iy AoD distribution proportionality factor
ry Break point distance
re Delay distribution proportionality factor
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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 paragrapin WINNER Il the work was divided between

Concept Groups (CG) according to the environmeey thiere working at. There were CG:s Local Area
(LA), Metropolitan Area (MA) and Wide Area (WA), Ni@ing of scenarios to Concept Groups is shown

in the table Table 2-1 in column CG.

Table 2-1. Propagation scenarios specified in WINNE.

Scenario | Definition LOS/ |Mob. |Frequ |[CG |Note
NLOS |km/h ency
(GHz)
Al Indoor 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,
Hotspot cell MA
NLOS
B2 Bad Urban NLOS |0-70 [2-6 MA |Same as B1 +
micro-cell long delays
B3 Large indoor hall LOS/ |0-5 2-6 LA
Hotspot NLOS
B4 Outdoor to indoor. NLOS |0-5 2-6 MA | -Outdoor typical
micro-cell urban B1.
-Indoor A1
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
Hotspot street-level to street-
Metropol level
B5c LOS stat. feeder, LOS 0 2-6 MA |Extended B1
Hotspot below- rooftop to
Metropol street-level
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)
/NLOS
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 LOS/ 0-120 |2-6 MA
Metropol macro-cell NLOS WA
C3 Bad Urban macro- | NLOS 0-70 |2-6 - |Same as C2 + long
cell delays
C4 Outdoor to indoor |NLOS 0-5 2-6 MA | -Outdoor typical
macro-cell urban C2.
-Indoor A1
D1 Rural macro-cell | LOS/ 0-200 |2-6 WA
Rural NLOS
D2 a) Moving | LOS 0-350 |2-6 WA | Very large Doppler
networks: variability.
BS — MRS, rural
b) Moving | LOS / 0-5 |2-6 LA |Same as A1 NLOS
networks: oLoS/
MRS - MS, rural | NLOS

The propagation scenarios listed above have beenifiggl according to the requirements agreed
commonly in the WINNER project [WIN1D72]. These dne environments and conditions, where all the
WINNER simulations have been carried out. Thereaaceuple of facts that need to be understood about
the scenarios and channel models adapted to them:

1.

The scenarios cover some typical cases. They dieteoded to cover all possible environments

and conditions: e.g. the mountaineous or even hiltgl environments have not been covered.

Similarly the antenna heights do not cover all galthat could be seen reasonable. Generally
speaking, the environments are such that are fomngrban areas of European and North-

American countries.

The environments are described in two levels oaitketfirstly, most of the scenarios use the
ordinary way placing the transmitters and receiveosthat the only location parameter is the
distance between transmitter and receiver, calteagrid-based models. Secondly, the other
group of the scenarios is grid-based. This meaaisthiere is a grid of streets or a building lay-
out or both, where the transmitters and receivarsle located e.g. by Cartesian coordinates.
This latter group of scenarios include Al, A2, HA2 and B4, see 2.3.1 to 2.3.13. Other
scenarios belong to the first group.

With these selections we have been able to redtiet number of scenarios reasonable, and still
presumably covered representatively the conditemtountered by radio equipment in the field. Weehav
also been able to run some simulations in grid-thasenarios with higher precision than is possible
conventional scenarios.

Page 15 (82)



WINNER II D1.1.2V1.2

2.3.1 Al - Indoor office

The scenario Al has been modelled in D5.4. Theutagb the scenario is shown in Figure 2-1. Base
stations (Access Points) are assumed to be indoorrihus LOS case is corridor-to-corridor and NLOS
case is corridor-to-room. In the NLOS case thedpath-loss is calculated into the rooms adjacetté
corridor where the AP is situated. For rooms fartagay from the corridor wall-losses must be applie
for the walls parallel to the corridors. E.g. faetUE at the bottom wall of the lay-out in the Fgy@-1
there are three walls to be taken into accountaliinwe have to model the Floor Loss (FL) for
propagation from floor to floor. It is assumed thtthe floors are identical. The Floor Loss imst@nt

for the same distance between floors, but increasésthe floor separation and has to be addedhéo t
path-loss calculated for the same floor.

"

LOS

N
.

|

AP, e.g. eight element array

m UE

Rooms: 10x10x3m
Corridors: 5x100x 3 m

Figure 2-1. Layout of the Al indoor scenario.

2.3.2 A2 — Indoor to outdoor

In indoor-to-outdoor scenario (Figure 2-2) 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. The parameters of this scenario have beergegewith B4 and C4 in table 4-7. We explain the
merging in detail in Part Il of the deliverable. ellecomparison of Outdoor-to-Indoor and Indoor-to-
Outdoor scenario characteristics is presented HH®O07] and in [HACKO7].

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 2-2. Indoor to outdoor scenario.
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2.3.3 B1 — Urban micro-cell

In urban micro-cell scenarios the height of boh éintenna at the BS and at the MS is assumedvelbe
below the tops of surrounding buildings. Both angeshare assumed to be outdoors in an area where
streets are laid out in a Manhattan-like grid. Blveets in the coverage area are classified asnitia
street”, where there is the LOS from all locati®mghe BS, with the possible exception in casesrahe
the LOS is temporarily blocked by traffic (e.g.dks and busses) on the street. Streets thatéctettse
main street are referred to as perpendicular streetd those that run parallel to it are referedg
parallel streets. This scenario is defined fohhibie LOS and the NLOS cases. Cell shapes areedefin
by the surrounding buildings, and energy reache®8lIstreets as a result of the 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 resziv
at some locations. This energy can be clusteratistinct, has significant power (up to within avfeB

of the earliest received energy), and exhibits lemgess delays. Such situations typically occurrwhe
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 hotspaeith

wide, but non-ubiquitous coverage and low mobil{@/5 km/h). Traffic of high density would be
expected in such scenarios, as for example, inecenfe halls, factories, train stations and aigport
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 andoup m in height. Both LOS and NLOS propagation
conditions could exist.

2.3.6 B4 — Outdoor to indoor

In outdoor-to-indoor urban microcell scenario th8 Bihtenna height is assumed to be at 1 — 2 mfpdus
floor height), and the BS antenna height below +#topf at 5 - 15 m depending on the height of
surrounding buildings (typically over four floorsgh). Outdoor environment is metropolitan area B1,
typical urban microcell where the user densityygidally 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.
The parameters of this scenario have been mergbdARi and C4 in table 4-7. We explain the merging
in detail in Part Il of the deliverable. The compan of Outdoor-to-Indoor and Indoor-to-Outdoor
scenario characteristics is presented in [AHHMOW] & [HACKO7].

2.3.7 B5 — Stationary Feeder

Fixed feeder links scenario is described in [WIN#D&Nnd defined as propagation scenario B5. This
scenario has also been partly modelled in [WIN1D34]B5, both terminals are fixed. Based on tttig,
scenario is divided in four categories or sub-sdeman [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 (N.&ationary feeder: rooftop to street level). Heigf
street level terminal antenna is assumed to ber@fers. To cover the needs of CG WA one modified
sub-scenario is needed in phase 2, scenario B5S8/NDOS stationary feeder: rooftop-to-below/above
rooftop. All the sub-scenarios will be describetble

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 [TPE02] a theoretigatlel is built where the change of phase of seadte
waves between timeandt+4t is given by

471% At cos(yp )cos(ap) (2.1)

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

the reflecting surface and the reflection anglg. @oper selection of these angles different Dopple
spectrums may be achieved. For B5d also an additterm in the path-loss model has to be included.
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The feeder scenarios are specified here in commmect the micro-cellular environment. Actually the
feeders can be used also in the macro-cellulaiscés¢his document it is assumed that the usebdrot
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 abaglOS signal and single bounce reflection. Abo
away reflections can occur. The connection is atnike in free space, so that the path-loss dods no
depend noticeably on the antenna heights. Forsttesario 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@jpplicable 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 addethéoimpulse response. We select its power to be 10
dB. The power-delay profile (of all paths except thirect) is set as exponential, based on thetsesul
[OBL+02] and [SCKO05]. The shadow fading is Gaussigtin mean zero and standard deviatior3 df dB
based on [PT00]. B5a sub-scenario was specifiechaodelled 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 biheakpoint distance the scatterers start to ptay a
important role.

In papers e.g. [Bul02], [SBA+02] the results foffelient carrier frequencies are very similar. Tli@re,

in B5b model the frequency is disregarded. Theqgle adopted for the WINNER phase 1 model allows
for various correlations between different paramsetich as angle-spread, shadow-fading and delay-
spread. In this case, dependency between path dodsdelay-spread [MKAO2] is applied. This
dependence is handled by selecting one of thréereiift 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 dgpmgad used here is a factor 40%-156% of the delay-
spread formula of [MAS02] for path losses up to @87 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

o= 4(hb _ho)(hb _ho)

b

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 respon8estatic (non-fading) channel component is added to
the impulse response. Based on [FDS+94] we sdlecparameter to be 10 in rangel, 2 in range2,land

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

2.3.7.3 B5c and B5d

Scenarios B5c¢ and B5d can be considered as LOS @il NLOS of C2 respectively. Only support for
Doppler spectrum of stationary cases has to bedoted. B5c is probably the most important feeiér |
scenario, because it will be used in urban mictbreday scenario. B5c is almost identical to thé B
micro-cellular LOS scenario. The only differenceeinvironment is the assumed antenna height of the
mobile/relay. Same channel model will cover bothhef cases, except the difference in Doppler spectr
(mobility). Feeder link ends are stationary and iheppler frequency results from motion of the
environment. In scenario B5¢c some clusters repteshicles with speed of ~50 km/h and the reshef t
clusters represent stationary objects like walts lauilding corners.

Actually B5d seems less useful for a feeder lirdseio. Therefore it is not discussed here further.
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2.3.7.4 B5f
The sub-scenario is shown in the figure below.
Master- Interfering BS Desired
g:c;,-der—lmk Ystatlon . ;thederrhnk Yg:fig?‘ Feeder-link V eeder-link
Relay S S - oo o o™ g g O O
O O oo a
O O 57/ 0O olleeo e EE 0O O oo||0 O -
0o oo O O ool|lQ Relal
0 - o o) o ] 0
= = D U u d g I:l D D Relay tc
Relay to MS: Y Relayto MS:Y MS: B1
B1
L\ M M
a b c

Figure 2-3 B5f scenario for three cases: a) NLOS (@S) b) LOS c) Combined interference case.

B5f scenario consists of the cases with relay ar@srsome meters over the roof-top or some meters
below the roof-top. Critical information is, if thimk is LOS or NLOS: It is possible to create L@xks

with the antennas below roof-tops. As well it isspible to implement NLOS links with antennas above
the average roof-top level. Our approach is thatdibsired BS to FRS links can be planned to be &OS
OLOS, or at least “good” links. It is assumed ttiegt interfering links from undesired BS to FRS b&n
LOS or NLOS. (Although in practice this can be addfiected 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 slveetl 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 formulaased 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 levaildBigs 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 statieearly
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 typegioél, or have more irregular locations. Typical
building heights in urban environments are over ftnors. Buildings height and density in typicaban
macro-cell are mostly homogenous.

2.3.10 C3 — Bad urban macro-cell

Bad urban environment describes cities with buddinwith distinctly inhomogeneous heights or
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 ¢
also be caused by mountains surrounding the cigeBstation is typically located above the average
rooftop level, but within its coverage range theam also be several high-rise buildings exceedieg t
base station height. From modelling point of vighwis differs from typical urban macro-cell by an
additional far scatterer cluster.

2.3.11 C4 — Urban macro outdoor to indoor

The Outdoor-to-Indoor scenario is specified heréolews: The outdoor environment is the same as in
urban macrocellular case, C2, and the indoor enmient is the same as in indoor case, Al. The base
station antenna is clearly above the mean builtigight. This means that there will be quite longS_.O
paths to the walls penetrated by the signals, mainthe higher floors of the buildings. On theatiand
there is often quite a severe shadowing, especiallythe lower floors. The propagation in the
macrocellular outdoor scenario is different frore torresponding microcellular case in that the oortd
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environment produces higher delay spreads and high¢h-losses than the indoor environment.
Propagation through building walls and inside théding is assumed to be quite similar in both sase

The parameters of this scenario have been mergadA®iand B4 in table 4-7.

2.3.12 D1 — Rural macro-cell

Propagation scenario D1 represents radio propaggtitarge areas (radii up to 10 km) with low biriigl
density. The height of the AP antenna is typicailthe range from 20 to 70 m, which is much higher
than the average building height. Consequently, lcO&itions can be expected to exist in most of the
coverage area. In case the UE is located insideildity or vehicle, an additional penetration lass
experienced which can possibly be modelled asegifgncy-dependent) constant value. The AP antenna
location is fixed in this propagation scenario, dnel UE antenna velocity is in the range from Q@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 antennahbeify18 - 25 m. A channel model derived from
these measurements is available and has beenaépoiffVIND54]. The channel model from Phase | for
propagation scenario D1 is generalised for theukeeqy range 2 — 6 GHz and different BS and MS
antenna heights.

2.3.13 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 vegi 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, formgda, to the roof. The link between the fixed
network and the moving network (train) is typicalyLOS type. Later we call this link as D2a. In
addition there is a link from the MRS to the UEislassumed that the indoor part of the MRS is rtezlin

in the ceiling in the middle of the carriage. Laderwe call this link D2b.

2.3.13.1 D2a
The scenario for D2a is specified as follows:
- There is a track accompanied with base statiotise intervals of 1000 - 2000 m.
- The base stations are
= 50 m away from the tracks and the antenna height8@m, or alternatively
= 2 m away from the tracks and the antenna height$ an.
- Height of the train (and MRS) is 2.5 m
- Speed of the train is nominally 350 km/h.

No tunnels are assumed in the route, but the I®&antenna height can be used to simulate situsation
compatible with the ones encountered in tunnetegards high change rate in Doppler frequencies.

2.3.13.2 D2b

D2b model is applicable in an environment inside tast train carriage. The carriage is assumed to
consist of one floor, but this should not make difference, because one floor of a double flooriage

is quite similar as a single floor carriage. The $MRdoor part is assumed to be located in thengeif

the carriage. It is assumed that there are chattdables densely as usual in train carriages. iaikes
that typically there is NLOS connection between MBS and UE. Finally, it is assumed that the
windows of the carriage are made of heat protediass. This is important, because then we camassu
that the relatively very fast moving scatteres doaffect considerably to the propagation. The ards
that such heat protective glass attenuates radiesvabout 20 dB in both directions giving a total
attenuation of 40 dB to the signals transmittedfmarh the carriage, scattered in the outside envirent
and penetrated back to the interior of the carriage

2.4 Measurement Tools

Five different radio channel measurement systenve lieeen used in the propagation measurements
during Phase | and Il. Main characteristics of thannel sounders used in Phase Il are summarised in
this section. Measuring equipment used in Phaseé been described in [WIN1D54].
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2.4.1 Propsound (EBITG, UOULU, Nokia)

The Propsound™ multi-dimensional radio channel deuris a product of Elektrobit, Finland [PSound].
Propsound has been designed to enable realisiiw chdnnel measurements in both the time andadpati
domains. It is based on the spread spectrum sogimdathod in the delay domain. The other domains,
including polarization, FDD frequency and the splatiomain, are covered using an advanced time-
domain switching technique. Together with optiosaper-resolution techniques (based on the SAGE
algorithm), this allows accurate measurements &C51SIMO, MIMO, geolocation and multi-user
propagation channels. Some key features of Propsatmpresented in Table 2-2.

Table 2-2 Propsound" characteristics

Propsound Property

Range of values

RF bands

17-21,20-2.7,3.2-4.0,5.1-59 GHz

Sustained measurement rate

Up to 30,000 CIR/s (eadgh: 255 chips)

Maximum cycle (snapshot) rate

1500 Hz

Chip frequency

up to 100 Mchips/s

Available code lengths

31 - 4095 chips (M-seqesihc

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 10

Table 2-3 Propsound™ terminals.

Trasmitter with a trolley.

Receiver with a trolley.
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Table 2-4 Propsound™ antennas.

Name ODA_5G25 PLA_5G25 UCA_5G25
Owner Elektrobit Elektrobit Elektrobit
Array structure omnidirectional array rectanculery uniform circular array
Polarization dual (+/- 45) dual (+/- 48) vertical

[CGznzt]er frequency 5.25 5.25 5.25
Number of elements| 50 (25 dual) 32 (16 dual) 8
Element type patch patch monopole

Picture
Name SPH_5 PLA 5 Mockup
Owner Radlo_Laboratory/ Helsink Radlo_Laboratory/ Helsink Nokia Research Center
Univ. of Technology Univ. of Technology

Array structure Semi-spherical array Planar array Terminal mockup
Polarization dual (H/V) dual (+/- 45) -
Center fre

quency 5 5 5
[GHZz]
Number of elements| 42 (21 dual) 32 (16 dual) 4
Element type patch patch -
Picture

2.4.2 TUI sounder

The RUSK TUI-FAU channel sounder used at TU limef@uMIMO measurements was designed by
Medav, Germany [Medav]. RUSK is a real-time radiamnel impulse response measurement system that
supports multiple transmit and receive antenna eteroonfigurations.

The RUSK MIMO channel sounder measures the chanesplonse matrix between all transmitting and
receiving antenna elements sequentially by switghiatween different (Tx,Rx) antenna element pairs.
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This means that the sounder uses only one phys@asmitter and receiver channel, which reduces
sensitivity to channel imbalance. The switched-améeapproach offers a simple way of changing the
effective number of antenna elements in the adaglitionally, since antennas are not transmittinthe
same time, separation of transmitted signals atréloeiver side is straightforward. To accomplish
synchronous switching, rubidium reference oscilitare used at both the transmitter and the receive
Timing and switching frame synchronization is eblied during an initial synchronization proces®ipr

to measurement data recording and must be maidtaimeéng the entire measurement.

For channel excitation RUSK uses a multi-carrieread spectrum signal (MCSSS) with an almost
rectangular shape in the frequency domain. Thiscamh allows precise concentration of the transahitt
signal energy in the band of interest. Simultanesusding of multiple bands (e.g., separated up- an
down-link bands in FDD) is supported by settingiscspectral 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 SigMCESS)

Sequence length

(defines maximum excess delay)

256 — 8192 spectral lines, depending on IR length

Number of measurement channels

up to 65536 (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)

Impulse response length

0.8 us—25.6 pus

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. Sdcsinrage enables shorter time gap between Tx-Bxcsannels.

An overview of measurement-relevant technical datathe antenna arrays used in the 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 arrgy .
array array circular array
- dual (vertical+ . dual (vertical+ dual (vertical+
Polarization ; vertical ) )
horizontal) horizontal) horizontal)
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PULAS
Name UCA16 PUCPA24 S