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Executive Summary

This deliverable presents the Final channel modeISELTIC project WINNER+. In addition related metd are
included like channel measurements, Over the AFADtesting and participation in standardizatiord aagulation
activities. The models have been evolved from tHBIMER and WINNER II channel models described in WEBR
deliverable [WIND54] and WINNER Il deliverable [WRD112]. Since the development of the WINNER II afain
models one new channel model set has been defthed]MT-Advanced channel models specified in ITU-R
document [M.2531]. This channel model set is clpselated to WINNER Il models using the same Geoyaeased
Stochastic (GSCM) approach. The reason is the tfeatt WINNERII and WINNER+ partners have contributed
strongly to the IMT-Advanced channel model selectind specification. It can be even said that tH&INERII
models have been the starting point for the IMT-Attked models. However, some scenario definitioasskghtly
different. Similarly the parameter values are iyodifferent. The most remarkable aspect in the M@hannel
models is the fact that they are used exclusivelthe evaluations of the IMT-Advanced candidatecadterface
technologies (RIT) applying for the IMT-Advanceaitsis.

In this document selected WINNER Il channel modets generalized for the third dimension by inclgd@levation
angles at BS and UT in the model. Actually the say@eeralization is proposed also to the IMT-Advahomodel,

although the adoption of this feature is out of comtrol. Another extension of the channel modelthe widening of
the frequency range of the models downto 450 MHea8liremets to support this extension were perfoiméue

frequency range 500 — 800 MHz. Slightly extrapaigtive will maintain that the model based on thesueaments is
valid from 450 to 1000 MHz. After this generalizatj we will interpolate the frequencies 1000 MH2G00 MHz

and obtain a model from 450 MHz to 6 GHz [WIN2D1138everal measurement campaigns provide the backdr
for the parameterisation of the propagation scemsaThese measurements were conducted by thregegariThe
updated models are based on current models [WIN2Dliferature and the extensive measurement campahat
have been carried out during the WINNER+ project.

The generalization from 2 to 3D is based on sinplanciples as generating the elevation anglesrasised for the
azimuth angles: definition of Large Scale (LS) asmall-scale (SS) parameters for the elevation wtitir
accompanying distributions and parameters. Forvtioik the parameters have been taken mostly frterature and
only in smaller extent from our own measuremertturhed out that the parameter sets found froemdture are not
very representative. In spite of this drawback weppse elevation models for the selected scenahibstwards it
should be possible to adjust the model based onnmeasurement results.

The generic WINNER+ Final channel model followsesmetry-based stochastic channel modelling appraglcich
allows creating of an arbitrary double directioredio channel model. The channel models are antewiegendent,
i.e., different antenna configurations and différamtenna element field patterns can be insertée dhannel
parameters are determined stochastically, basedtatistical distributions extracted from channelbsw@ements. The
distributions have been defined earlier [WIN2D1fdt]delay spread, angle spreads, shadow fadingsan®Ricean K
factor. After including the the elevations in theodel, we need to define the LS elevation paramet@edian
elevation and RMS elevation spread for both BS dmd We assume these all normal distributed. Aftedihg the
parameter values for them, the LS model is comapl&éhe small-scale parameters elevation at BS ahdatg
assumed Laplacian. It is enough to specify thedstahdeviation of SS elevation at BS and UT. Fatheehannel
snapshot the channel parameters are calculatedtfrwistributions. Channel realizations are geedray summing
contributions of rays with specific channel paraengtike delay, power, angle-of-arrival and andleleparture, now
assuming that the departure and arrival anglesdiecboth azimuth and elevation.

One deficiency remains in the elevation model: NeSv parameters introduce a large set of cross-atioak.
Actually there are not many results in literatuoe the cross-correlations. Our strategy in specgythe cross-
correlations is to set correlations zero, if theabte measured value is less than 0.4. For ther atises we propose
to borrow values for other scenarios, if needed.

Measurements were conducted at 800MHz in Oulu dowmtin Urban Macro and on the campus of Oulu Ursiiver
for Urban O2| and relay environment. One campaigrs wonducted in Helsinki city at 522 MHz for O2IMd
pedestrian and UMa vehicular environment. In addibne measurement was performed for distributeédrmas
systems at Oulu University at 3.55 GHz. One measend was performed in limenau at 2.35 GHz aiming at
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verification of the channel model. Based on theultsswe propose to use the same values for chamoelel
parameters down to 450 MHz. However, the path-¢osges have to be adapted for the different frequeanges.

Clustered delay line (CDL) models with fixed largeale and small-scale parameters can also beeredréa
calibration and comparison of different simulatiod¢INNER 1l models and IMT-A models have also bemed in
HW emulations for evaluations of selected innovagio found in WINNER+ as well as in the demonstraio
performed by WP5 [WIN+D52]. For the time being thenodels have been based on Clustered Delay Lib¢)(C
modelling.

The novel features of the WINNER+ models are tlewation modeling using the same modelling appr@achn the
WINNER [l models, extension of the model down t®48Hz. WINNER+ Final channel models can be uselihi
level and system level performance evaluation oklegs systems, as well as comparison of diffeaégdrithms,
technologies and products. The models can be apptieany wireless system operating in 450 MHz — 182G
frequency range with up to 100 MHz RF bandwidthe Thodel supports multi-antenna technologies, prdéon,
multi-user, multi-cell, and multi-hop networks a8 modelling.

One activity in channel modelling has been the QlerAir (OTA) testing. The main idea in OTA tegfiis the use
of wireless connection from transmitter to receitreat uses its own antennas in reception. Thigligeaed through
OTA antennas surrounding the Device Under Test (PWITA testing requires anechoic chamber and veegipe
location of antennas and careful calibrations. égwment of OTA testing methodology has been onth@fmost
important contributions in WP5. In addition WINNERyas participated in the standardizing activitiesseveral
standardizing (or regulatory) bodies like ITU-R, B& and IEEEB02.16. In the early phases of WINNERe+ w
continued the work started in WINNER I for gettiagproval for the channel models. In the later phake main
focus has been in the standardization of the OFArg concept introduced in WP5.
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List of acronyms and abbreviations

2D Two dimensional
3GPP % Generation Partnership Project
3D Three dimensional
Al Indoor scenario
AoA Angle of Arrival
AoD Angle of Departure
ASA RMS Azimuth Spread of Arrival
ASD RMS Azimuth Spread of Departure
B1 Urban microcell scenario (UMi)
B4 Outdoor-to-indoor scenario (O2la)
BS Base Station
C1 Suburban macrocell scenario (SMa)
Cc2 Urban macrocell scenario (Uma)
C4 Outdoor-to-indoor scenario (O21b)
CDF Cumulative Distribution Function
CDL Cluster Delay Line
DAS Distributed Antenna System
DS RMS Delay Spread
GSCM Geometry-based Stochastic Channel Models
HW Hardware
IMT-A IMT Advanced
InH Indoor Hotspot (deployment scenario) (in IMT-A)
ISIS Initialization and Search Improved SAGE
ITU-R International Telecommunication Union — Radi
LoS Line of Sight
LS Large Scale (parameter(s))
LSP Large Scale Parameter
LTE Long Term Evolution of 3GPP mobile system
LTE-A Long Term Evolution — Advanced
MIMO Multiple-Input Multiple-Output
MS Mobile Station (same as User Terminal (UT))
NloS Non Line of Sight
(oyd] Outdoor-to-indoor scenario
0O2la 02l in UMi
0O2Ib 02l in UMa
OTA Over the Air Testing
PDP Power Delay Profile
PES Power Elevation Spectrum
PL Path-loss
RAT Radio Access Technology
RF Radio Frequency
RIMAX Super resolution algorithm
RMa Rural Macro
RMS Root Mean Square
RS Relay Station
Rx Receiver
SAGE Space-Alternating Generalized Expectation-Mgzation
SF Shadow Fading
SISO Single-Input Single-Output
SMa Suburban Macro
SW Software
TX Transmitter
UMa Urban Macro
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UMi Urban Micro
uT User Terminal
WIMAX Worldwide Interoperability for Microwave Accss
WLAN Wireless Local Area Network
WRAN WINNER RAN
WP5D Working Party 5D (of ITU-R)
WRC (WRC07) World Radio Conference (World Radio feoence 2007)
XPR Cross Polarization Ratio
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1. Introduction

CELTIC project WINNER+ has developed, evaluated aridgrated innovative additional concepts basedhen
WINNER II technologies and LTE standard. The masingising innovations have been contributed to. LA'Bnd
IMT-Advanced. These innovations and the relatetirieal concepts form the WINNER+ technologies. WHER¥
technologies have been specified by WINNER+ Worgkges 1 and 2 (WP1 and WP2) and they are docuthante
[WIN+D22]. These technologies have been planneelvtive along with the project progress and thefication of

the proposed innovations. The starting point hasnhihhe current LTE Release 8 standard, enhancestlegted
features from WINNER II as well as with some inntive features developed in WINNER+ as add-ons. The
innovations have been documented in deliverableNfM#11, WIN+D15, WIN+D19, WIN+D21, WIN+DA41]. The
areas of innovation are: advanced RRM, spectrurhntgogies, terminal-to-terminal communications, wak
coding, advanced co-located antennas and coordiaatenna systems.

Although the performance of each proposed technigg® been investigated by SW simulations, sele&sd
innovations from WINNER+ have been evaluated andnhatestrated through hardware emulations. The key
technologies and selected concepts have been deatedsto show the feasibility of the developed \MEBR+ radio
interface concept. WINNER+ WP5 work package is oasgble for the hardware emulations and demonstrati
These are presented in [WIN+D52]. WP5 takes case af the channel modelling activities describedthis
document. Evaluations are performed with hardw#dgms. One platform includes a channel emulatgable of
running specified channel models. In this documenpresent the models used in emulation [WIN+D52].

WINNER+ project aims at contributing to the IMT-Aalvced technology proposals, especially the 3GPP-LTE
Advanced, invited by the Circular Letter of the FRJin March 2008. The Project has participatedhe tMT-
Advanced process by contributing to the requiresiémt the Radio Access Technologies (RATS), by Gbuating to

the definition of the evaluation scenarios and clehmodels and by contributing to the evaluationthaf submitted
proposals as an Independent Evaluation Group.

WP5 has been involved with the IMT-Advanced chamedtlel since the start of the project. The modetisty point
was the WINNER Il model [WIN2D112] and the modebbred to IMT-Advanced channel model [M.2135] thrbug
several updates during years 2007 — 2008. The epdatre agreed in ITU-R WP5D meetings based onibatibns
from several ITU-R members. The channel models approved in Dubai, June 2008. The channel modebkan
described in [M.2135]. In addition WINNER+ provideal reference implementation as a Matlab® program
[IMTACI]. This means that cooperation in developitige IMT-Advanced channel models has been one itapor
part of our work. One natural consequence has tieeparticipation in regulation and standardizatiwhich forms
one part of the WP5 channel modelling work.

Above we have pointed out the common areas of tHaareel modelling task with the other work packamethe
WINNER+ project, namely HW capable models and IMdvAnced channel models. In addition we have the
following assignments: Updating of the WINNER llactnel models to WINNER+ channel models, (same upglat
procedure could be applied for the IMT-Advanced gieg MIMO OTA testing concept and disseminatiotivéties.

The existing WINNER 1l channel model is a Geomdiaged Stochastic Channel Model (GSCM) having LSS®d
parameters and all the relevant parameters spa§Wi#N2D112]. It is specified over the frequencyge 2 — 6 GHz.
It is also restricted to two dimensions: The patbsiot have elevation dimension. After the publighdf the model it
has become evident that a comprehensive channedirsbduld cover also the frequencies 450 MHz td1WBiz, In
addition there are cases, when 3D channel modeldnmei preferred. Although in most cases 2D chanmedel is
quite sufficient, we will discuss both the extemsiof frequency range and the complementing the mmdéhree
dimensions.

WINNER Phase | work package 5 (WP5) focused on bade multiple-input multiple-output (MIMO) channel
modelling at 5 GHz frequency range. Totally sixtpars were involved in WP5 during 2004 — 2005, rigme
Elektrobit, Helsinki University of Technology, Naki Royal Institute of Technology (KTH) in Stockhgli8wiss
Federal Institute of Technology (ETH) in Zurichdahechnical University of Imenau. Based on theréture survey,
3GPP/3GPP2 Spatial Channel Model [SCM] was selefdedhnitial simulations in outdoor and IEEE 802mlin
indoor environments.. Because the bandwidth ofS688 model is only 5 MHz, wideband extension (SCM&)s
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developed. However, in spite of the modificatidme initial models were not adequate for the advd&éNNER
simulations. New measurement-based models werdagede The generic model was created in Phasealldivs
creating of arbitrary geometry-based radio chammediel. It is ray-based double-directional multklimodel that is
antenna independent, scalable and capable of nmaylelhannels for MIMO connections. Statistical digitions and
channel parameters extracted by measurements aprapgagation scenarios can be fitted to the germdel.
WINNER Phase | channel models were based on chaneasurements performed at 2 and 5 GHz bands dilming
project. The models covered the following propamascenarios: indoor, urban micro-cell, urban roaell, sub-
urban macro-cell, rural macro-cell and stationaegder link.

In the WINNER Il project work package 1 (WP1) conied the channel modelling work of WINNER Phase |.
Frequency range was increased to 2 - 6 GHz, andutmber of scenarios was increased. Five partners imvolved,
namely Elektrobit, University of Oulu / Centre fWireless Communications (CWC), Technical University
limenau, Nokia, and Communication Research Ce@RQ) Canada. WINNER models were updated, and ase¢w
of multidimensional channel models were develop&bey cover wide scope of propagation scenarios and
environments, including indoor-to-outdoor, outdéo#indoor, bad urban micro-cell, bad urban macrg-teeder link
base station (BS) to fixed relay station (FRS), amaving networks BS to mobile relay station (MRS)RS to
mobile station (MS). They are based on generic mbamodelling approach, which means the possibtlityary
number of antennas, the antenna configurationanggy and the antenna beam pattern without chantedasic
propagation model. This method enables the uséeosame channel data in different link level anstesy level
simulations and it is well suited for evaluationaafaptive radio links, equalisation techniques,irmgdmodulation,
and other transceiver techniques. Models are phedisn [WIN2D112].

In CELTIC WINNER+ project work package 5 (WP5) temtinued the channel modelling work of WINNER tida
extended the frequency range (including 450 MHz0-A@Hz), included initial parameters for elevatamles in the
model and modelling some new relay scenarios. Thaeters were involved, namely Elektrobit, Univigref Oulu

| Centre for Wireless Communications (CWC) and Thécdl University of limenau,. WINNER Il models were
updated, and a new set of multidimensional chamuelels were developed. Models cover wide scopeagggation
scenarios and environments, including indoor-taoat, outdoor-to-indoor, bad urban micro-cell, heidan macro-
cell, feeder link base station (BS) to fixed rektgtion (FRS), and moving networks, BS to mobilayestation
(MRS), MRS to mobile station (MS). They are basedgeneric channel modelling approach, which meéaes t
possibility to vary number of antennas, antennafigarations, geometry and the antenna beam pattéfmout
changing the basic propagation model. This methmables the use of the same channel data in diff¢éirdnlevel
and system level simulations and it is well suifed evaluation of adaptive radio links, equalisati@chniques,
coding, modulation, and other transceiver techréqidodels have been developed in several phasedNBR |
[WIND54] and WINNER II Channel Models [WIN2D112] tihWINNER+ deliverable D5.3, WINNER+ Final
Channel Models (described in this document). SCEME, and WINNER Il channel models have been impleied
in Matlab, and are available via WINNER+ web sBame is true for the IMT-Advanced reference impletaon.

The goals for the work of WINNER+ WP5 as regards¢hannel modelling are the following: 1) To pravichannel
models for the channel emulator to be used in WiRSuations and demonstrations. One subset are dldelmfor the
over-the-air (OTA) testing (sectioBrror! Reference source not found). 2) To create, cooperate and contribute
IMT-Advanced channel models to ITU-R WP5D and WINR¥Eevaluation process. 3) To extend and validage t
WINNER+ and IMT-Advanced channel models for 450000 MHz. 4) To participate channel model standadizi
5) To update the WINNER Il models to WINNER+ modfis restricted scenarios. One specific activityrieal out
has been the development of the reference impleatientfor the IMT-Advanced Channel Models. In tlidwing
sections we will explain the work towards theggets and show how they are met. As the consequeeqeopose
here extensions to the WINNER Il channel models.

The final results as regards the channel modebirgy given in this deliverable, D5.3: WINNER+ Firahannel
Models. In this deliverable we present the resfriten five measurement campaigns, two for 700 — 808z
frequency range, one for 520 MHz range, one fob 2u5d one for 2.53 GHz. We also investigate theeg@nsion of
the Geometry-based Stochastic (GSCM) channel madeispropose a channel model with initial paransetefhe
approach of WINNER channel models is applicable3@rmodelling. In our current research we have &bresults
from literature and own measurements for some enmients, like indoor, urban macro, outdoor-to-indoo
Parameters for other environments are still needddny parameter values are based on relativelytdini
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measurements and complementary results would dedde improve the precision. WINNER+ channel msaek
presented with these extensions.

Multi-antenna Over the Air (OTA) testing methodojolgas been investigated in WINNER+ and is preseintatis
document. Results obtained from measurements peefbrin collaboration with Elektrobit and CEA-LETlea
presented in the deliverable [WIN+D52]. WINNER+ WR&s also participated in disseminating the resafités
work through scientific papers, hardware based destnations and regulation and standardization dmrttons. This
activity is discussed later in this document.

The content of the rest of this deliverable isfillowing: In section 2 the modelling approach &sdribed. Section 2
describes the measurements conducted. SectiorcBliessthe new features proposed for the channdktlmoSection
4 describes the work towards the WINNER+ channedlei® Section 5 describes the MIMO OTA testing gipte
and work performed in WINNER+ WP5. Section 6 ddsesithe dissemination activities including standattbn, In
section 7 conclusions are given
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2. Measurement results

During WINNER+ five measurement campaigns were ootetl. Two campaigns in Oulu at the 770 — 790 MHz
range were performed to enable the measuremend paséelling for UHF frequencies. One campaign imehau at
2.53 GHz aimed at validation of WINNER |l modelsgdazne campaign in the university campus in Oul8.55 GHz
targeted for modelling Distributed Antenna SystdiDAS). Finally, the measurements in Helsinki at 320z were
conducted outside WINNER+ but the results were edjt® be reported here to support the channel riogledt
frequencies 450 — 1000 MHz. The most extensive e@gng were those conducted at the UHF frequencies.

Most of the latest MIMO radio channel measuremamjgaigns have been performed for the frequencyerang - 6

GHz. The existing channel models around 800 MHznaostly based on narrowband SISO measurementslatke
of measurement results at frequencies below 1 Giszbleen stated in [HIMO08], where the authors hadiesl the

measurement campaigns at frequencies around 4000-NIHz. It is said, that despite the existingrhtere, there are
not enough reported parameters for the lower freges and different propagation scenarios, thatldvenable the
development of a complete wideband radio chann@eiior e.g. IMT-Advanced for frequencies below HZ The

following sections present results of three reegdeband measurement campaigns: Urban Macroceibsiceat 775

MHz, Outdoor-to-Indoor scenario at 780 MHz and Uridacrocell and Outdoor-to-Indoor scenarios at G2#.

Measurements in Oulu and Helsinki were performgdElektrobit and University of Oulu using Propsouwtthnnel
sounder described in section 2.1. For differemdencies slightly different configurations were deg. At different
frequencies different antennas were used as descitbsections below. Also the bandwidth had tahenged for
some measurements due to the different bandwiddashMrements in lImenau were conducted with RUSKirdla
sounder. Both sounders have been described in detad in [WIN2D112].

2.1 Sounder configuration

Measurement configuration of Propsound, the sounsged in the measurements in Helsinki and Oulu beaseen in
Figure 2-1. (In the campaign at 522 MHz there wala® an upconverter in front of the receiver tisahot shown in
the picture.)

T o TT } T Real Time
Conti ! Switchir [$ \ [ & Channel
Noteboc Matri |\ Noteboc @
\_L a \_L Channel Mode
Converter ﬁ
— ) % % Simulation
Generatc = .
Rgguisition SR = P ropsi m
Matched Filte
Transmitte Receive &
Post-
Processinc
Super-
Resolution

Figure 2-1. Propsound configuration.
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2.2 Urban 800 MHz propagation scenario

The urban macro measurements were conducted in @uihntown with three different BS locations. The BS
locations were on rooftops of three buildings digabove surrounding buildings and the MS movedtadet level,
following the urban macro scenario definition iMMB/INNER Il [D112]. The speed of the mobile was i&@/h. The
BS locations and measured routes are shown in &ignlt. All measurements were conducted with ommedional
circular arrays allowing for full spatial resolutiovithin a field-of-view of 360° in azimuth. Thetemnas at both ends
consist of six elements and are discone type afsaes Figure 2-3),

Figure 2-2. a) Route map. BS zero angle to NE aridS zero angle towards the direction of motion (yetiw arrows). b)
An aerial view of the Oulu downtown showing the thee BS locations in the houses "Tornitalo" and "Vallealinna".

Broadband elements
Vertical polarization only
Simulated SWR

Figure 2-3. Discone antenna drawing and simulateBWR.

Measurement scenario designation is given below:
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Scenario Designation Urban Macrocell

MS locations See the routes iRigure 2-2
MS height 1.7m

Max. Path Distance (BS->MS) 1.1 km

Mobile speed <50 km/h

Number of Measurements 49

2.2.1 Analysis results

The analysis results are given in the followingtiees. All the valid data has been used to caleua¢se results. E.qg.
the number of snap-shots for the path-loss curvenase than 250000. The samples stored by the souade

correlated to get the channel impulse responseR) (@i the analysis paths (taps) that are more 2@adB below the

maximum are discarded, as well as the taps thdesseahan 3 dB above the noise level. (See Figutg

ool ]
o0l 20 dB |
5-100— " ]
% -110F J\ | noisefloor + 3dB 1
A

noisefloor
-130 .

AR

0 0.2 0.4 06 0.8 1
Delay [us]

Figure 2-4: Paths (taps) included in the analysisStrength must be less than 20 dB
below the peak value and at least 3 dB above theise floor.

2.2.1.1 Path-loss and shadow fading

Path loss is presented in decibels as a functiatisthnce and calculated by summing the taps iaydébmain and
averaging over the measurement snapshots alongehsurement run. The path loss results are givenkigure 2-5
with a curve fitting of the data and the free sples as a reference. These results follow bettiearban than urban
narrowband measurements done in the last decaddd08]. This due to the fact that the average bogdieight of

Oulu downtown is only 15 metres (five-storey builg) which is typical for small and medium sizedis, but
differs from urban high-rise areas.
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Path loss [dB]

775 MHz urban path loss, N =278400
130 — 1

. Measured path Ioss . Measured
——Linear regression, n = 3.3 . 0.9- — Gaussian
120 - Free space loss B 08l Std=8.4dB |
110 ;I 0.7; N=238288 .
| I |‘|‘| ‘) !”I“ " 0.6+ |
100+ | I '| |'|| itllE, || i
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8o ||
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Distance [m] Shadow Fading [dB]
a) b)

Figure 2-5. Path loss (a) and shadow fading (b)éfuding all measurement snapshots of the mobile dat

Path-loss can be expressed as

PL = 70.2 + 33logy(d/100) d >= 200 (2-1)

whered is the distance between BS and PTL; is the free space path-loss arid the wave-length.
Standard deviation of the measured path-loss islB.4

2.2.1.2 Delay spread and excess delay

Figure 2-6 shows results of delay spread and exdelay analysis of the measured routes. A 20 dBerthreshold
criterion has been utilized here. Compared to itezature [HIMO8] the measured delay spread follbest the
reported urban micro and suburban macro scenatimsever, it must be mentioned here that there thénliterature
a trend of delay spread being large when measutdmaedwidth is small and vice versa. Thereforerésailts are not
fully comparable.

. Delay spread Excess Delay
T 1 T T
PDF PDF
0.9 —CDF 0.9 —CDF
0.8 ; 8 0.8
0.7F n=:123.0ns - 0.7r w=0.7us
06F =732ns F : =
LQL © é 0.6 =04 s
Qost ~ . <05
m
Q a
o 04t 1 o 04f
0.3 : . 0.3 d
0.2 4 0.2k
0.1+ : . 0.1+
o] - 0 : !
0 100 200 300 400 500 600 0 05 1 15 2 25 3 35
RMS Delay spread [ns] Maximum Excess Delay [us]
a) b)

Figure 2-6. PDF of the RMS delay spread (a) and egss delay (b) of all the mobile measurement snagh.

Mean delay spread at 775 MHz is 123 ns and stardiandtion is 73.2 ns.
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2.2.1.3 Angle spread at BS and MS

In this study we calculated the RMS angle spreagéch time instant by using the 3GPP SCM spetificdSCM].
Averaging in angular domain was also calculated tiwe stationary interval, with a sliding window.  Figure 2-7
presents the angle spread cumulative density fumetiand probability density function of the meaduteban
scenario. The departure angular spread is clearflsr compared to the arrival angular spread. Ehikie to the fact
that the MS was moving at the street level wheezetlare more scattering and reflecting elementsiticeease the
angular spread.

Angle spread

0.9tASD11:=30.8° //

0.8fASD 6 =125°

0.7/ASA u =66.9°

u 0.6fASAc=15:1°
o
- 05

[a)
a 04r

03 1
02 PDF of ASD ||
— CDF of ASD
0.1 I PDF of ASA |
ol —CDF of ASA
0 20 40 60 80 100

Azimuth angle spread at BS and MS [deg]
Figure 2-7. RMS angle spread PDF/CDF of BS (ASDna MS (ASA) of the urban mobile measurements.

Mean RMS azimuth spread at BS is 30.8 and standawihtion is 12.5. At UT the mean RMS azimuthesgt is
66.9 and standard deviation is 15,1 .

2.2.1.4 Ricean K-factor
The Ricean K-factor analysis is strongly dependenthe selected stationary interval of the channebur analyses,
K-factor has been calculated using the Greensteioment’s method [GME99]. The empirical CDFs of Kxéactor
are computed by using the vertical component ofdinger resolution algorithm ISIS results [SJ-08]hds been
shown in WINNER Il data analysis that ISIS-datdeets well the K-factor properties [WIN2D112]. i be noticed
that the narrowband K-factor follows closely thg-wormal distribution. A stationarity interval oD2 has been
utilized here, which corresponds to 7.5 m in distan

Ricean K-factor
09 /f

0.8r

‘oo /]
I/

/ |

n
D
o
@

k\
a =
1]
o
o
o
@

0.2}

01r ——Meas.
o ‘ — Gaussian
-30 -20 -10 0 10 20 30 40

K-Factor [dB]

Figure 2-8. Narrowband K-factor calculated as a corbination of all measured routes.
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The resulting mean Ricean K-factor is 5 dB andstla@dard deviation is 6.7 dB.

2.2.1.5 Cross correlations between large scale parameters

LS parameters are shown on the same time sc&@ime 2-9. It is easy to see correlation between the pamnset
although the exact values have have not been given.

Correlation between LSP’s

.
0 0.1 0.2 0.3 0.4 05 0.6 0.7 0.8 0.9 1
Drop number

Figure 2-9. Large scale parameters plotted as funicin of the snapshots
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2.3 Outdoor-to-indoor 800 MHz propagation scenario withrelay station

The measurements were conducted at 780 MHz ceetiedncy and 50 MHz bandwidth (null to null) in @tdoor-
to-indoor propagation environment. The base staf88) was located on a rooftop at 23 metres heaghtthe relay
station (RS) in a lifter at 14 metres height. TBerterminal (UT) moved indoors along corridors antcboms on the
first floor of the building. Height of the UT antem was approximately 1.5 metres. No similar measarg
campaigns in outdoor-to-indoor scenario around6iz frequency have been found in the literature.

The used measurement equipment was Propsound ¢isaumeler (Figure 2-1). The antenna was an omeictional
circular array at both transmitter and receivensisting of six elements as described in Secti@n 2.

Measurements were done from BS to UT and also fR@1o UT (same routes were travelled with the UiTkfoth
measurements). Also measurement from BS to RS araducted.

The measurement location is shown in Figure 2-16re/the BS location is marked with blue dot, R&t@n with
green dot and the measurement routes with red arrdhe view from the rooftop BS to the directiontioé RS is
presented in Figure 2-11.

Figure 2-10. Measurement location.

Figure 2-11. View from the rooftop BS to the RS Iaation (yellow lifter).
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2.3.1 Measurement results

To be classified as valid for analysis, the dynaraime (highest peak-to-noise level) of one meassmapshot had to
be at least 23 dB. Then the taps included in tlzdyais were the ones above the noise threshold;hwlias set to 20
dB below the power of the strongest tap in the okaimpulse response. The number of effective tagsded in the
analysis was then the number of taps above theosss level. (See Figure 2-4.)

2.3.1.1 Path loss and shadow fading

Path loss (PL) is calculated as

N
PL=- 10|Oglo( | hl |2) + GT +GR’ (2'2)
=1

t

whereN is the number of effective paths,is the channel coefficient fordelayed path an@; andGg are the antenna
gains at transmitter (Tx) and receiver (Rx), resipety.

The path loss model for the expected path loss EPterived using a linear polynomial fit of theeasured PL vs.
distanced between transmitter and receiver. The formulgfdynomial fit is

PL=B+ Alog,,(d) = B+10nlog,,(d), (2-3)

whereB is the PL intercept amulis the path loss exponent.

Path loss curves for measured PL, free space Plexpetted PL are presented in Figure 2-12 for BSabd RS-UT
measurements, respectively. The measured PL isettavkh black dots, the free space PL is blue dhtihe and the
expected PL is the red line. The path-loss for B®UT link behaves in an unexpected manner: Théa-joests
decreases as function of distance. By inspectiagBi® location and the route of the UT it can beeddhat the UT
moves toward deeper shadow when approaching the&tion. At the same time it is assumed to recsiveng
reflection from behind. This reflected path inceesmslong the movement. This causes the increasithglpss while
decreasing distance. Also this phenomenon canhsdered to depend on the limited amount of measent data.

a) BS-UT b) RS-UT
Figure 2-12. Path loss curves from a) BS-UT and B3S-UT measurements.

The PL for the static BS-RS link (LOS) was measui@dbe 75.45 dB and the free space PL was 65.74THB.
distance between the BS and the RS was approxiyr&z@ahetres.
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Shadow fading is the variation of the path losse Tmobability distribution function (pdf) of shadofading is
depicted in Figure 2-13 for BS-UT and RS-UT measumets, respectively. The fitted model which is lognal
distributed is shown as a red dashed line in tperés.

1 - 1

0o Mean:0.00d5 /R | 0ol /
Sd:3.86 0B \
/

Mean: -0.00dB |

\ , \ Std: 4.61 dB
0.8 ! 7 08t \ —

0.7 0.7f

0.6

0]
-20 -15 -10

-5 0 5 10 -15 -10 -5 0 5 10 15
Shadow fading [dB] Shadow fading [dB]
a) BS-UT b) RS-UT

Figure 2-13. PDF of shadow fading for a) BS-UT and) RS-UT.

In Table 2-1 the PL exponent, PL intercept, shataming standard deviation (std), and correlatigstatice are given
for BS-UT and RS-UT.

Table 2-1. PL exponent, PL intercept, shadow fadingtandard deviation and shadow fading correlation
distance for BS-UT and RS-UT

BS-UT RS-UT
PL exponent -0.32 7.25
PL intercept (dB) 107.25 -33.87
Shadow fading std (dB) 3.86 4.61
Shadow fading correlation distance (m) 2.96 3.01

2.3.1.2 RMS and maximum excess delay spreads

The cumulative distribution function (CDF) of theeasured RMS delay spread is presented in Figurefark BS-UT
(a) and RS-UT (b).
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o
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0.2 . 1
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0 . . . . 0 . . . . .
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Figure 2-14. CDF of RMS delay spread for a) BS-UTrad b) RS-UT.

In Table 2-2 the RMS delay spread statistics anmuetagion distance for BS-UT and RS-UT, measureseme
presented. The mean RMS delay spread for BS-RSWa8.51 ns.
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Table 2-2. RMS delay spread statistics and correlain distance for BS-UT and RS-UT measurements

The CDF of the measured maximum excess delay speeadesented in Figure 2-15 for BS-UT and RS-UT,

respectively.

BS-UT RS-UT
Mean (ns) 70.28 48.49
Std (ns) 43.51 27.60
10% percentile (ns) 21.80 16.52
50% percentile (ns) 59.05 40.50
90% percentile (ns) 138.37 91.49
Correlation distance (m 5.42 4.25

Probability of maximum excess delay < Abscissa)

1

0.9r
0.8r
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04
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0
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0
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b) RS-UT

1000

Figure 2-15. CDF of maximum excess delay spread fa) BS-UT and b) RS-UT.

In Table 2-3 the maximum excess delay spread statiend correlation distance for BS-UT and RS-UE a
presented.

Table 2-3. Maximum excess delay spread statistica@correlation distance for BS-UT and RS-UT

BS-UT RS-UT
Mean (ns) 437.98 282.35
Std (ns) 222.62 146.16
10% percentile (ns) 163.33 100.00
50% percentile (ns) 396.67 250.00
90% percentile (ns) 470.00 440.00
Correlation distance (m 4.88 452

2.3.1.3 Azimuth angular spread

CDF of RMS azimuth spread is presented in Figul® 2) outdoors (at BS) and b) indoors (at UT). TEnge indoor
spreads are reasonable but the outdoor spreadsigmesingly large. Our explanation is the stroeflections from

the surrounding buildings.
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Figure 2-16. Angular spread for BS-UT and RS-UT aputdoors b) indoors.

2.3.1.4 Power delay profile

100

120

Typical PDP for BS-UT and RS-UT are shown in Fig+&7. The PDPs are fitted to exponential function

wheret is the multipath delay artalis the time constant.

PDP(t) = e™®

0 T T
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\ Exponential fit
5 \
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g I
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Figure 2-17. PDPs for a) BS-UT and b) RS-UT.

2.3.1.5 Ricean K-factor

The Ricen K-factor was calculated with the Methddvimments by Greenstein [GME99]. The stationaritierval
which indicates how long the channel can be assumdn static, was 9.6 metres. In Figure 2-18 tbdé€of K-

factor for BS-UT, RS-UT an

d BS-RS are shown.
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Figure 2-18. CDFs of K-factor for a) BS-UT , b) RJT and c¢) BS-RS.

2.3.1.6 Cross-correlations

Logarithmic RMS delay spread versus shadow fadirghown in
Figure 2-19 for BS-UT and RS-UT.

The corresponding cross-correlation coefficientse given in Table 2-4 together with other logaritbmiiS

a) BS-UT
Figure 2-19. Correlation between RMS delay spreadral shadow fading for a) BS-UT and b) RS-UT.

b) RS-UT

parameters: angles of departure (AOD, at BS/RS)yagies of arrival (AOA, at UT).
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Table 2-4. Cross-correlation coefficients

BS-UT | RS-UT
log10(AOD) — SF -0.48 -0.26
log10(AOA) — SF -0.31 0.25
log10(AOD) — log10(DS) 0.04 0.71
log10(AOA) — log10(DS) 0 0.11
log10(AOA) — log10(AOD) 0.42 -0.09
log10(DS) — SF 0.56 0.36

2.3.2 Literature Review

Regardless of an extensive literature researchmaoty publications could found which report measwenresults
for the outdoor-to-indoor scenario at the lowegtrencies. In [MRHO9] measurement results for outdoandoor
scenario with single-input single-output (SISO)eamtas at 700 MHz are presented but they only iecthé RMS
delay spread and the PDP. The mean RMS delay sprasdneasured to be approximately 60 ns. The patiosg
conditions were slightly inferior to ours and tHere it could be concluded that the RMS delay spresults seem to
be in line. Measurements reported in literaturéigher frequencies give RMS delay spread value#0ofs at 5.25
GHz [AHYO06], 5 — 25 ns at 5.25 GHz [WMA+08], 9 — 38 at 4.95 GHz [KMH+06] and 28 — 43 at 1920 MHz
[DKRO3]. Compared to these, our results are reealist

The angular spread results reported in the liteesaiti higher frequencies are smaller than ours shifegments at 1947

MHz reported in [MHA+04] give angular spreads of-@D degrees at UT and 5-10 degrees at BS. In [KM#i+0
angular spreads of 60.8 degrees at UT and 17.3eegat BS were reported at 5.25 GHz. Also in [WM8H0

measurements were performed at 5.2 GHz and angpleads were found to be 30-55 degrees at UT a2@ 4-
degrees at BS.

2.4 DAS measurements at 3.55 GHz

The distributed antenna system measurements weducted at the University of Oulu. The centre freey was
3.55 GHz and bandwidth was 200 MHz (null-to-nullhe used measurement equipment was the Propsoandeih
sounder. At the Tx end, 9-element vertically paed monopole array antenna was used and at then&Rxa €.0-
element vertically polarized dipole array (Figur@@.

The measurement locations included corridors argklhalls. At one location 2-6 BSs were used apdstme route
was walked for all BSs. The measurement locatioitils BSs marked as blue spots and routes marketuasatrows
are shown in Figure 2-21 to Figure 2-23. The redves indicate the direction of the antennas zegiean

a b
Figure 2-20: Measurement Rx antenna group (BS) (and Tx antenna group (UT) (b).
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Figure 2-21. Routes 1 and 2.
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Figure 2-22. Routes 3 and 4.
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Figure 2-23. Routes 5 and 6.

2.4.1 Measurement results

To be classified as valid for analysis, the dynaraimye (highest peak-to-noise level) of one meassmapshot had to
be at least 23 dB. Then the taps included in tladyais were the ones above the noise threshold;halaas set to 20

dB below the power of the strongest tap in the okaimpulse response. The number of effective tagsded in the
analysis was then the number of taps above theosst level.

For Route 5, three BS locations were measuredrdsutlts are given for only 2 of them. Reason fis thas very
weak dynamics on the BS2 — UT link.
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2.4.1.1 Path loss and shadow fading

Path loss exponents, intercepts and shadow fatémglard deviations § are given for each measured route and BS-

UT link separately in Table 2-5 to Table 2-10.

Table 2-5. Path loss parameters for route 1

Route 1
BS1-UT | BS2-UT
PL exponent 12.09 8.75
PL intercept [dB] -170.84 -116.08
Shadow fading [dB] 2.92 3.08

Table 2-6. Path loss parameters for route 2

Route 2
BS1 - UT BS2 - UT BS3-UT BS4 - UT BS5 — UT| BS6T
PL exponent 5.5012 6.2421 7.0352 4.5621 1.4058 4.4583
PL intercept [dB] -74.5515 -80.0277 -82.3616 -49.2650 0.4418 -53.293
Shadow fading [dB] 2.6818 2.5427 3.4147 3.7393 2.4089 2.5429
Table 2-7. Path loss parameters for route 3
Route 3
BS1-UT BS2 - UT BS3-UT
PL exponent 11.92 2.47 4.61
PL intercept [dB] -140.75 -12.56 -40.33
Shadow fading [dB] 4.02 5.50 6.76

Table 2-8. Path loss parameters for route 4

Route 4
BS1-UT | BS2-UT
PL exponent 6.69 3.92
PL intercept [dB] -37.71 3.65
Shadow fading [dB] 2.80 3.82

Table 2-9. Path loss parameters for route 5

Route 5
BS1-UT BS2 - UT
PL exponent 1.54 3.31
PL intercept [dB] 34.43 16.90
Shadow fading [dB] 4.07 4.82
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Table 2-10. Path loss parameters for route 6
Route 6
BS1-UT BS2 - UT BS3 - UT
PL exponent 3.96 2.25 0.47
PL intercept [dB] 3.90 33.84 42.54
Shadow fading [dB] 2.06 1.96 2.77

2.4.1.2 RMS and maximum excess delay spreads

The statistics of the RMS and maximum excess dsfagads for each route are presented in Table t&-Thble

2-16. The results include each BS-UT link sepayateld also the DAS results that are calculated fiteencombined
results of all available distributed antennas.

Table 2-11. The RMS and maximum excess delay spreathtistics for route 1

Route 1

DAS BS1-UT BS2 - UT
RMS DS [ns] 40.75 39.62 44.99
RMS DS [ns] 52.79 29.21 87.73
10% fractile [ns] 5.65 16.81 5.28
50% fractile [ns] 23.45 28.64 21.47
90% fractile [ns] 121.16 93.99 68.20
Max excess DS [ns] 264.22 236.98 272.07
Max excess DS [ns] 368.59 186.27 514.29
10% fractile [ns] 47.69 130.00 40.58
50% fractile [ns] 137.88 151.92 114.81
90% fractile [ns] 810.96 553.27 569.04

Version: 1.0
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Table 2-12. The RMS and maximum excess delay spreatitistics for route 2

Route 2
DAS BS1-UT | BS2—UT| BS3-UT BS4—-UT BS5-UT &UT
'[_‘;]'\S’;S DS 28.00 18.17 33.10 71.36 35.42 17.48 35.53
[F;';’;S DS 18.10 22.91 45.89 113.10 46.72 12.16 64.3¢
- :
[1r?S]/° fractile] 1514 3.64 6.87 16.70 10.72 10.56 16.70
. :
ﬁ?s]/" fractle] ¢ 45 6.51 13.98 25.96 21.61 14.09 23.28
. :
?r?sl/" fractle] 41 60 59.35 87.31 183.38 70.07 24.28 31.47
Max —excess 46797 146.89 227.63 415.05 230.06 110.38 212.77
DS [ns]
Max —excess 44069 174.96 306.74 548.90 316.31 63.28 347.60
DS [ns]
_ :
[1r?s]/° fractle] 24 0o 30.00 50.00 94.42 73.85 69.62 110.58
- :
[Sr?Sf’ fractile| 14 54 58.85 101.15 149.42 143.46 100.0p 139.62
- :
?r?sf’ fractile| 546 00 500.00 660.38 1216.70 509.04 133.27 163.08
Table 2-13. The RMS and maximum excess delay spreatitistics for route 3
Route 3
DAS BS1—UT BS2—UT BS3—UT
RMS DS _[ns] 2353 31.75 33.95 37.24
RMS DS _[ns] 21.82 59.46 37.33 59.89
10% fractile [ns] 6.92 4.97 10.45 5.27
50% fractile [ns] 20.03 9.41 25.29 13.81
90% fractile [ns] 35.92 80.65 53.25 44.86
Max excess DS [ns] 144.33 242.00 220.64 243.96
Max excess DS [ns] 134.82 438.40 297.46 434.32
10% fractile [ns] 60.77 45.19 82.69 50.00
50% fractile [ns] 122.50 77.31 144.42 90.00
90% fractile [ns] 203.65 689.04 341.15 330.38

Table 2-14. The RMS and maximum excess delay spreatitistics for route 4

Route 4
DAS BS1-UT BS2 - UT
RMS DS [ns] 41.10 42.18 36.31
RMS DS [ns] 68.34 53.84 66.74
10% fractile [ns] 7.44 7.40 7.96
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50% fractile [ns] 19.77 26.50 19.49
90% fractile [ns] 113.82 98.68 49.11
Max excess DS [ns] 287.61 318.91 250.71
Max excess DS [ns] 460.41 457.73 439.62
10% fractile [ns] 53.27 60.77 53.85
50% fractile [ns] 125.58 161.73 120.58
90% fractile [ns] 862.31 924.42 444.23

Table 2-15. The RMS and maximum excess delay spreatitistics for route 5

Route 5

DAS BS1-UT BS2 - UT
RMS DS [ns] 48.30 56.10 38.44
RMS DS [ns] 33.16 41.52 30.71
10% fractile [ns] 17.71 25.81 14.63
50% fractile [ns] 47.33 47.79 33.79
90% fractile [ns] 61.00 84.07 56.36
Max excess DS [ns] 303.92 382.06 260.99
Max excess DS [ns] 251.32 380.83 275.51
10% fractile [ns] 97.50 155.19 82.69
50% fractile [ns] 260.38 298.46 208.85
90% fractile [ns] 399.04 749.81 420.9

Table 2-16. The RMS and maximum excess delay spreatitistics for route 6

Route 6

DAS BS1-UT BS2 -UT BS3-UT
RMS DS [ns] 20.34 19.08 18.95 13.41
RMS DS [ns] 6.32 8.68 8.12 5.24
10% fractile [ns] 12.10 9.76 13.71 7.73
50% fractile [ns] 19.80 19.09 17.09 11.85
90% fractile [ns] 29.49 28.31 23.08 20.96
Max excess DS [ns] 131.98 129.25 133.87 118.03
Max excess DS [ns] 40.04 79.56 91.87 45.64
10% fractile [ns] 74.23 68.27 92.12 68.65
50% fractile [ns] 140.77 121.73 119.04 107.69
90% fractile [ns] 186.92 213.46 153.27 184.23

2.4.1.3 Ricean K-factor

The narrowband Ricean K-factor statistics for eamlie are presented in Table 2-17 to Table 2-22taad
CDFs of the Ricean K-factors are presented in Ei@y24 to Figure 2-29.

It can be seen from the results that the Riceandtef is smallest for the DAS-case for each routitis
close to zero.




Table 2-17. Ricean K-factor statistics for route 1

Route 1
DAS BS1 - UT BS2 - UT
K-factor [dB] 0.19 6.96 3.20
K-factor [dB] 4.18 4.13 4.19
1
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0.6 1
L
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Figure 2-24. The CDF of Ricean K-factor for route 1
Table 2-18. Ricean K-factor statistics for route 2
Route 2
DAS BS1-UT | BS2-UT| BS3-U BS4-UT BS5-UT B3JT
K-factor [dB] 0.52 9.67 4.22 1.86 4.94 5.19 1.65
K-factor [dB] 3.86 4.64 3.97 3.31 4.20 3.42 3.30
1
o8| BS1
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[EERT] Bsg
0.6 BS4 7 i
LDL BS5 'rl
O ——BS6 g
0.4 J |
"I’
0.2 yd 1
/
0 e “"'\/ I | I
-15 -10 -5 0 5 10 15 20

Narrowband K-factor [dB]

Figure 2-25. The CDF of Ricean K-factor for route 2




Table 2-19. Ricean K-factor statistics for route 3
Route 3
DAS BS1-UT BS2 - UT BS3-UT
K-factor [dB] 0.57 3.81 1.95 3.45
K-factor [dB] 3.48 3.58 3.26 4.28
1 - T
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Figure 2-26. The CDF of Ricean K-factor for route 3
Table 2-20. Ricean K-factor statistics for route 4
Route 4
DAS BS1-UT BS2 - UT
K-factor [dB] -0.06 2.04 2.06
K-factor [dB] 3.01 3.26 2.80
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Figure 2-27. The CDF of Ricean K-factor for route 4
Table 2-21. Ricean K-factor statistics for route 5
Route 5
DAS BS1 - UT BS2 - UT
K-factor [dB] 0.74 1.59 1.51
K-factor [dB] 3.46 3.36 3.01
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Figure 2-28. The CDF of Ricean K-factor for route 5
Table 2-22. Ricean K-factor statistics for route 6
Route 6
DAS BS1-UT BS2 - UT BS3 - UT
K-factor [dB] 1.08 2.06 294 4.63
K-factor [dB] 3.32 2.87 2.70 2.83
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Figure 2-29. The CDF of Ricean K-factor for route 6

2.4.2 Literature Review

Because no actual DAS measurement results werd fiouthe literature, the results for indoor meaments found
are listed in Tables Table 2-23 to Table 2-25 fathdoss, delay spread and K-factor, respectively.

Table 2-23. Indoor path loss results found in litesture

. Frequency/Bandwidth PL PL intercept
Reference Environment [GHz]/[MHZ] exponent [dB] SF STD [dB]
[WIN1D54] 00”('22;; LOS 5.25/100 18 46.8 3.1
Room-Corridor,
NLOS (AL)* 3.68 38.8 35
[WIN1D54] "argég)"’ﬂl* LOS 5.25/120 1.34 36.9 1.4
Large hall,
NLOS/OLOS 0.32 55.5 21
(BS)**
[SGO00] Corridor, LOS 5.25/? 1.3 47.4 2.2
Corridor-Room,
NLOS 31 46.1 2.9
Room-Room,
NLOS 4.1 47.9 2.7
[KZV01] Corridor, LOS 5.3/30 13-15 2-42
Corridor-Room,
NLOS 5.3/30 19-6.5 2.7-6
[KZVO01] Large hall, LOS 5.3/30 1.3 2
Large hall, NLOS 1.9 2.7
[JP92] Room, LOS 2.4/500 1.9 1.6
Room, OLOS 3.3 54
[JP92] Room, LOS 4.75/500 2.0 1.2
Room, OLOS 3.8 6.5
[YSHO5] Room, LOS 2.25/100 15 25




Room, NLOS

3.8

2.7

* A1 = WINNER scenario indoor small office / residal
** B3 = WINNER scenario indoor hotspot

Table 2-24. Indoor delay spread results found interature

Frequency/Ban Mean Max
. STD RMS DS
Reference Environment dwidth Mean RMS Excess DS
DS [ns] [ns]
[GHZz]/[MHZ] [ns]
Large hall, 120 (90%
[KZzV01] LOS 5.3/30 CDF) 240
Large hall, 180 (90% 600
NLOS CDF)
) 20 - 30 (90%
Corridor, LOS CDF)
Corridor- 30-50 (90%
Room, NLOS CDF)
[JP92] Room, LOS 2.4/500 5.4-14.9 0.5-2.9
Room, OLOS 8.75-23.1 1.1-17.0
[JP92] Room, LOS 4.75/500 7.9-18.0 1.0-5.2
Room, OLOS 10.6-23.6 1.1-4.4
Room
? ? - -
[WZz00] LOS/OLOS 2.4/ 22.2-30.6 50.7-66.7
[YSHO05] Room, LOS 2.25/100 20.9 6.3
Room, NLOS 2.25/100 27.4 55
[WIN1D54] Co"('g‘l’;; LOS| 525100 43 349
Corridor,
NLOS (A1)* 28.5 135
Large hall,
[WIN1D54] | | 'S (B3)™ 5.25/120 23.5 129.3
Large hall,
NLOS (B3)** 36.7 186.1

* A1 = WINNER scenario indoor small office / resita&l
** B3 = WINNER scenario indoor hotspot

Table 2-25. Indoor K-factor results found in literature

Reference Environment Frequency/Bandwidth| ~ Mean K-factor STD of K-factor
[GHZz]/[MHZ] [dB] [dB]
[KzVv01] Large hall 5.3/30 1
[Wz00] Room, LOS/OLOS 2.4/? 2.79-9.86
[WINID54] | Corridor, LOS (AL)* 5.25/100 11.5 6.1
[WIN1D54] | Large hall, LOS (B3)** 5.25/120 1 (50% CDP)
4.9 (90% CDF)

* A1 = WINNER scenario indoor small office / residal
** B3 = WINNER scenario indoor hotspot




2.5 Measurements at 522MHz

This chapter presents the DVB-NGH MIMO measuremeammpaign conducted within the cooperation of
Elektrobit, Digita, BBC, LGE, Nokia, Pace, RAI, TWBAand TUT in Helsinki 11.-14.5.2009. The measurédmen
campaign aimed at providing new channel informatiaat can be used in the B21C project, althouglc#mpaign
did not belong directly to the project. The reswlifl be utilized also in WINNER+ project. The purge of the
measurements was to get parameters for the urb&mOMiadio channel models for the next generation DVB
handheld operation. The base-line for the modeliinthe stochastic spatial channel model (like WERNII) and
we have created a new parameter set for the matbel, the scope is to reveal whether MIMO is apdbie for the
UHF handheld devices.

The measurements were performed for two scenddidsan Outdoor-to-Indoor and Urban Vehicular / P éies.
Actually urban vehicular and urban pedestrian caunrderstood as different scenarios or two subasmen

The measurements were conducted with differentiviemcpantenna sets, where the reference array idd®icase
is an omni-directional vertically polarized circukarray allowing for full spatial resolution withim field-of-view of
360° in azimuth. The antenna array consists oflsigone type elements. The other antennas weredeiby the
project partners. Both were dual polarized antenfia® transmitting antennas were mounted in theld®ds/
tower at 100 m height over the ground level attteasurement locations. Outdoor measurements wadkicted at
that level but the indoor measurements were peddrat different floors and thus at different heggfithe antennas
were identical, but one was mounted for horizoatadl the other for vertical polarizations. Direchbmntennas
were mounted at the same level about 5 m apart &ach other and both were pointing towards the areazent
locations as far as it was possible.

Following chapters describe the measurements aalysis as well as gives the analysis results obthinom the
measurements.

2.5.1 Measurement scenarios

The measurements were conducted at spatially ldlisédl indoor and outdoor locations in Helsinki doown. The
base station location is shown in Figure 2-30 amdsarement locations are depicted in Figure 2-3il Fagure
2-32. The list of the scenarios is:

1. Urban outdoor-to-indoor scenario
Moving / static mobile and fixed base station. Theasurements will capture the time variance and
movement of major propagation paths. In the stetige, the time variance is introduced by the moving
people. The indoor environment can be e.g. typigor office, residential flat / hotel room or Wersity
environment. The mobile antenna height was at 25n (plus the floor height, 3 meters each). Theeba
station antenna height was 100 m from the effedgwmin height. Since the base station antenoke&sly
above the mean building height, there are quitg Ib®S paths to the walls penetrated by the signals,
mainly in the higher floors of the buildings. Oretbther hand there is often quite a severe shadowin
especially in the lower floors. In this measuremafite and hotel environments were measured.

In this campaign the surroundings of the measurétoeations was macro-cell environment with high BS
antenna. This corresponds best to WINNERII scer@4io

2. Urban vehicular and pedestrian scenariosMainly moving, occasionally static mobile and fixbase
station. The measurements captured the time vaiand movement of major propagation paths. In the
static case, the time variance is introduced bymiowing people and vehicle. The base station aatenn
height is 100 m from the effective terrain heighs.for propagation conditions, non- or obstructied-of-
sight is a common case, since street level is otanhed by a single diffraction over the rooftdpis case
corresponds to WINNERII scenario C2.




Figure 2-30: An aerial and street level view of théasila tower where the base station antennas were
installed.

2.5.1.1 Specification of measurement scenarios

Scenario type: Urban outdoor-to-indoor

Scenario Designation Urban outdoor-to-indoor (O2l)
MS locations Inside the designated buildings
MS height ~1.6/1.7 m (application and reference antermspectively)+

floor height (3 meters each)

Max. Path Distance (BS->MS) 3 km
Mobile speed Walking speed (~3km/h)
Number of Measurements 63

Scenario type: Urban pedestrian

Scenario Designation Urban pedestrian

MS locations In a moving trolley, which is pushed in downtown.

MS height ~1.6 /1.7 m (application and reference antenmesgectively)
Max. Path Distance (BS->MS) 3 km

Mobile speed walking speed (~3km/h)

Number of Measurements 8

Scenario type: Urban vehicular

Scenario Designation Urban vehicular

MS locations On a top or/and inside a car, which is driven iwadmwn.

MS height ~1.0/1.7 m (application and reference antermespectively)
Max. Path Distance (BS->MS) 5km

Mobile speed <60 km/h

Number of Measurements 20




2.5.2 Measurement locations

Measurement locations, the buildings for the outdoendoor measurements and the outdoor routes,
pedestrian and vehicular, are shown in the figetew.

Figure 2-31: Locations of the indoor and pedestriaitmmeasurements.

Figure 2-32: Mobile measurement routes.




2.5.3 Urban outdoor-to-indoor scenario

Transmitter was in Pasila TV tower like in all measnents in this campaign. Two O2| buildings were
measured: Digita office and Hotel Scandic. The tioce of the buildings are shown in the map abdve
aerial views of Digita and Scandic are shown iruFég2-31. In both buildings three floors were meadgu

In Digita the floors 2 (ground level), 4 and 6 Snandic the floors 4, 7 and 9.

2.5.4 Urban pedestrian scenario

The urban pedestrian measurements were conductEmhintown Helsinki. The routes are shown in Figure
2-31 . The sounder receiver equipment was mounted frolley.. The speed of the carriage was kept
constant at 10 km/h.

2.5.5 Urban vehicular scenario

The urban vehicular measurements were conductéttlisinki on routes shown in Figure 2-2.. The speed
of the vehicle was kept at 40km/h. The receiveriggant was mounted in a car. The reference antenna
was mounted on top of the car approximately ahtsight of 1.7 m. Application antennas were mourited
the car at about 1m height. This means that théicaipn antennas experience the penetratyion dosk
loss due to lower antenna placement that need takie® into account in analysis.

2.5.6 Measurement equipment

The used measurement equipment was Propsound d¢hsouneder, product of Elektrobit. Propsound
configuration has been shown earlier in Figure Mlsection 2.1. Sounder settings and antenna
characteristics are given in the following sections

2.5.6.1 Sounder settings
Settings for the 520 MHz MIMO measurement in Heksare given below.

Center frequency 522 MHz

Band width 10 MHz (null-to-null)
Transmit power max. 166 W ERP

Chip rate 5 Mchip/s

Sampling frequency 10 MHz (2 samples per chip)
Code length 511 chips (to be checked)
Max. measurable excess delay ~100ms

Number of TX antenna elements 2

Number of RX antenna elements 4-6

Number of channels 8-12

Channel sampling rate (trigger rate) 155.3

Channel sample interval 6.4 ms

Mobile max. speed 50 km/h

Scattering max. speed 60 km/h




2.5.7 Antennas

Transmitter antenna has been specified in the tadav. Two similar transmitter antennas are uSate
operates at V another at H polarization. As carséen the transmitter antennas operate below their
nominal frequency range. It is assumed that thissdwot affect the radiation properties. The ragimti
patterns of the antenna in H and V plane are givéne Figure 2-33.

Transmitter antenna

Antenna designation AT15-250_Panel
Center frequency / Bandwidth 665 MHz / 190 MHz
Radiation (3 dB beam width) E-plane 61°, H-plane 26°
Gain 11.35 dBd
Antenna type Dipole array
Polarization Horizontal / Vertical (90 derees rotated)
a b

Figure 2-33 : Tx antenna radiation patterns a) invV and b) H plane.

Reference antenna

Reference antenna group that is used in the recepfithe measurement signals is specified in dhéet
below. Also the reference receiver antenna operiesde its nominal frequency range. Howeverais h
been calibrated for the measurement frequency randehe error due to the frequency range is eéteih

The antenna is shown in Figure 2-34 together wighsimulated Voltage Standing Wave Ratio.

Reference receiver antenna

Antenna designation Discone_6_700M_R1
Frequency / Bandwidth 700 MHz / 200 MHz
Radiation +180° Azimuth
90° Elevation (~ 3 dB beam width)




Gain

~3dB

Antenna type

Uniform circular array, 6 discone elements

Polarization

Vertical

Figure 2-34: Discone antenna drawing and simulate8WR.

Application antennas

Antenna designation

Application receiver antenna 1 (Application antenna 1)

Frequency / Bandwidth 522/ > 30 MHz
Gain -10 (vertical)
Polarization Vertical (nominally)

Antenna designation

Application receiver antenna 2 (Application antenna 2)

Frequency / Bandwidth

522 // > 30 MHz

Gain

-7 /-10 dB (vertical/horizontal)

Polarization

Vertical / Horizontal (nominally)

2.5.7.1 Antenna gains

Normally the antenna gains as function of directawe handled by antenna calibration. Now only the
reference receiving antenna has been calibrated.sliwilar transmitter antennas were used, one fanti
the other for V polarization. Transmitter antenéngwvas known in horizontal and vertical plane tioe
measurement frequency. For each measurement locdti® attenuation compared to the maximum
direction was calculated for both antennas and tmethat location. Largest attenuation due to sraitter
antenna radiation pattern was in the signal from tertically polarized Tx antenna towards Digita
premises and surroundings. The attenuation waozippately 24 dB.

Radiation patterns and XPR values for the appticagintenna 2 are given below.
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Figure 2-35. Radiation patterns of the vertically ad horizontally polarised antennas of the applicatn
antenna 2.

Table 2-26 Gains and Cross Polarization Attenuations.

F MH
Feed requency [MHZz]
517 522 527
3 (Vertical -13.9 -12.3 -11.8
Gain [dBd] ( , )
4 (Horizontal) -10.3 -9.2 -9.1
3 (Vertical) 17.8 14.4 171
XPOL Att. [dB] -
4 (Horizontal) 15.5 17.5 16.8

For application antenna 1 the exact antenna patisrnot known. Reference antenna elements are-omni
directional in H-plane and near the ideal dipolé€Eiplane. Reference antenna has been calibratéuhto
ISIS analysis takes the radiation pattern into anto

2.5.8 Frequency band
The measurements were conducted at 522 MHz witjuéecy band of 10 MHz (null to null).

2.5.9 Analysis items

The analysis items and results to be discussedvbale: path loss (PL), shadow fading (SF), delapap
(DS), maximum excess delay, power delay profile Rp,azimuth angular spread (AS), Ricean K-factor,
cross-correlations between large scale paramet&Rs). The group of the LSPs: SF, DS, azimuth AS at
Rx, and K-factor are characterized stochasticaliy aescribed by appropriate log-normal probability
density functions (PDFs). In addition the crossrelations between the different measured chanrsle h
been calculated: e.g. channels between verticasitméssion and vertical reception antennas (VV)wvel
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as the corresponding VH, HV and HH channels. Thiesalts can be used in the modelling of the DVB-
NGH channel. The details of the analysis items ted accompanying processing can be found e.g. in
[WIN2D112].

Delay Spread

Delay spread expresses the delay dispersion othhenel and is probably the most important metric
describing a radio channel characteristics. Whemsidering delay spread extracted from the channel
impulse response data, the receiver sensitivity ramide cut threshold have to be mentioned. Sinee th
delay spread is a function of the noise cut threshmesults of different measurement campaigns in
literature are not always comparable. Next sect&hm®w results of delay spread analysis of the raobil

routes. A 20 dB noise threshold criterion has h&éized meaning that incoming paths with higheartt20

dB power difference compared to the most poweréth fnave been removed.

2.5.10 Measurement results

2.5.10.1 O2l scenario

Path loss is normally presented in decibels asietifon of distance and calculated by summing tps ta
delay domain and averaging over the measuremeptbots along the measurement run. The path loss
results are given in the following sections witlcave fitting of the data and the free space Iesaa
reference

2.5.10.1.1 Path-loss

In the O2I scenario two building locations wereitalde. The path-losses have been calculated ubsesg
building locations. The penetration loss can lEnda the figures. One problem in determining théhp
loss in O2I scenario is the fact that the totaslssquite high in all the cases. Many path-l@sspes are
hidden in the noise. This can be seen in the iieguligures and should be considered when applifieg
results.

a b
Figure 2-36. Path loss indoor. Antenna 1 (a), Refee antenna (b).

Actually there are measurements only from Digitéicef and Scandic. Therefore there are only two
independent sets of measurement results. It i asy to see that there is about 25 dB/octave loss
between these two locations. This is more than @rge if only propagation distances are taken into
account. The reason is most likely the more besfsituation of the Digita office compared to Sdanas
regards to the out to in penetration.

2.5.10.1.2 Shadow fading in O2I scenario

By looking at the shadow fading figures below amsbahe path-loss curves it is easy to see that the
measurements have been saturated in many casesforbehe result shall be investigated carefudifobe
drawing conclusions. In Figure 2-37a it can be gbah upper half of the Gaussian distribution issing
almost totally. In spite of this, the average re8udB is quite near the expected value.




a b

Figure 2-37. Shadow fading in O2I scenario. Antenna (a) and reference antenna (b).

2.5.10.1.3 Outdoor-to-Indoor DS
In Figure 2-38 a and b the RMS delay spread has lgdeen for VV polarization combination (V
polarization sent, V polarization received) for emma 1 and reference antenna. From the different
polarization channels we selected the two strongest

a b
Figure 2-38: RMS delay spread in the O2I scenaricdAntenna 1 (a) and the reference antenna (b).

Dealay spread for O2I sceanario can be calculated the measurement results. (see Figure 2-38)gé&te
the logarithmic parameter values: = - 6.8 and = 0.25, where and are the mean and standard
deviation of the logarithm of the RMS delay spreatlies.

2.5.10.1.4 O2l angle spread at UT

Due to the antenna characteristics only the resisn the reference antenna could be used for
investigation of the angle spread at the UT sidehis study we calculated the angle spread fon diate
instant by using the 3GPP SCM specification [SCRNeraging in angular domain was also calculated
over the stationary interval, with a sliding windoiNext sections present the angle spread cumulative
density functions (CDF) and probability density étion (PDF) of the UT (MS) angle spread in the ¢hre
propagation scenarios.




Figure 2-39. Angle spread in O2I scenario.

The linear median is 52 degrees. From this anduzlog the standard deviation from the distribntio
the figure we get the log-normal parameters:1.72 and = 0.10.

2.5.10.1.5 Ricean K-factor for O2l scenario

In the following figures the Ricean K factor is shofor the most representative channels and adiranas.
Because the parameter has been calculated for wieldata in each environment, the mean values are
rather low. However, it is easy to see that theaktdr fits generally well with the Gaussian model i
decibels and the standard deviations are compara@ble mean values differ for different channels. In
theory the direct channels (VV and HH) should hhigher K-factors, because the indirect channels (VH
and HV) are assumed to be composed of reflectedcesvawm practice and especially in our case the
polarization characteristics are not optimal as lbameduced from the measurement results. Therdéfere
results with relatively high K-factors in VH and Hihannels are understandable.

The mean values are lowest for the vehicular st@naear 3 dB, when taking the mean of the highest
values for each antenna. Next lowest means athéoD2| scenario, about 4 dB and highest theyratkd
pedestrian scenario, almost 10 dB. The standaritilavs are typically 4 in vehicular, 5 in O2] aBdiB

in pedestrian scenarios. The reason is at leasy phe fact that the pedestrian environments hapgdo

be in quite beneficial locations as can be seem fitee path-loss results. Another fact is that thenlper of
independent results is rather low in pedestrian\afdcular scenarios. In the following figures tlesults

for the O2I environment are presented.

a b c
Figure 2-40. Ricean K-factor for VV channels, O@¢sario. Antennal (a), Antenna2 (b) and referentenaa (c).




a b c
Figure 2-41. Ricean K-factor for Antenna2, O2| smém Channels HH, HV and VH in a, b and c, respeby.

The values are slightly confusing, because thedsigK-factor for Antenna 2 is for the cross-polatian
channel VH, 3.8 dB. The “straight” channel VV habwaer value 2.6 dB, but still this is exceptiongbr
the Antenna 1 the highest value is the channel #¥,dB. The values for the other channels are ar@un

dB. We assume that the unexpected values are daptéodna characteristics and take the parameters as
follows:

4 dB, =6 dB for the VV and HH channels and
2 dB, =4 dB for the VH and HV channels.

2.5.10.2 Pedestrian scenario

2.5.10.2.1 Path-loss in pedestrian scenario

The pedestrian path-losses can be seen in thenvfoliofigures. It is obvious that the measurementeo
more far away from the transmitter experiences topegh-loss exponent, because the losses are quite
similar with the closer location, although the diste is almost double.

a b
Figure 2-42. Path loss in urban pedestrian scenantenna 1 (a) and reference antenna (b).

The figures show that there have not been enoughfdareliable path-loss parameters. It can ba seat
propagation conditions have been more favourab\éitila than in T6616.

2.5.10.2.2 Shadow fading in pedestrian scenario

The shadow fading distributions for the pedestma@asurements for antenna 1 and reference and the
corresponding standard deviations are shown inr€igu43. Also here the small number of snap-shaits c
be seen. The standard deviations, 4.3 dB, are phpbzo small for the same reason.




a b
Figure 2-43. Shadow fading in pedestrian scenamtenna 1 (a) and reference antenna (b).

2.5.10.2.3 Delay spread in the pedestrian scenario

For the pedestrian scenario the DS for VV polaiimatombination is shown in Figure 2-44 for appica
antenna 1 in (a) and for the reference antenn@)in (

a b

Figure 2-44. RMS delay spread for pedestrian scenar. Antenna 1 (a) and reference antenna (b).

In the pedestrian scenario the DS is higher foizbotally polarized channels than for verticallyigrized
ones. The values are reasonably well compliant Withindoor values. Following figure shows that the
received vertical polarization has a smaller DShtharizontal polarization in this measurement sdena
The reason is probably the low number of independeasurement samples.

The result is that the RMS delay spread is Gvith standard deviation 0.5 in linear scale for the VV
polarization and 0.8s with standard deviation 0.4 for the HH polarization. Because we plan to model
both polarizations with the same parameters, wee ltavaverage the results to: 0.65 with standard
deviation 0.5 s. This corresponds to logarithmic values:

=-6.19
=0.25




Figure 2-45. RMS delay spread, pedestrian environnme¢. Antenna 2.

2.5.10.2.4 Pedestrian angle spread at UT

In this study we calculated the angle spread fahedane instant by using the 3GPP SCM specification
[SCM]. Averaging in angular domain was also caltedaover the stationary interval, with a sliding
window. Below we present the angle spread cumwadensity function (CDF) and probability density
function (PDF) of the UT angle spread in the petsiscenario.

Figure 2-46. Angle spread in the pedestrian enviranent.

In this figure the small number of snap-shot carséen in the spikes in the figure. Angular linealues
for the model are: mean = 45 degrees and standasidtibn = 10.9 degrees. Let's construct logarithmi
distribution with the same numbers converted Idabanic:

=175
=0.094

2.5.10.2.5 Ricean K-factor in the pedestrian scenario

The Ricean K-factors are shown in the followingufigs for the pedestrian scenario. Note that thkdsg
values, for VV and for HH channels, are almost BOIdlis unexpected that one of these high valueda

the “turning” channels from V to H in antenna2 the measurement there were numerous occasions, when
the polarizations behaved in this kind of stranggywit would indicate that the antenna polarization
discrimination is not very high. Actually this cae checked from the field patterns of Antenna 2.57.
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The other possibility is that the cross-polarizatman maintain or even increase the power ratiohef
multi-path components.

Figure 2-47. Ricean K-factor pedestrian. Antenna 1.

c d

Figure 2-48 . Ricean K-factor, pedestrian environmAntenna 2 (a-c), Reference antenna (d)

Let's assume that the differences and unexpectsdltseare mostly due to the antenna characteristics
Therefore we record here the best results to desthie environment: Therefore we take the resattshie
pedestrian scenario the values:s 9 dB, = 6 dB for the VV and HH channels and 5 dB, =4 dB for

the VH and HV channels.




2.5.10.3 Vehicular scenario

2.5.10.3.1 Path-loss in vehicular scenario
Path-loss curves are shown in Figure 2-49.

a b
Figure 2-49. Path loss vehicular environment. Anget(a) and reference antenna (b).

Signal strength for the application antennas onntieasured routes has been so low that no relewdin p
loss curve can be obtained. The received signabéas so near the noise level that most of theéuaions

in the signal level have been hidden. Anyway, it ba concluded that the path-loss is quite nealintie

180 dB dictated by the noise floor and the Tx andaRtenna gains. It can be said that the extra loss
compared to the free space loss is about 60 — 7i@ ¢ distance range of 2.3 to 3 km. Part ofltiss is

due to the receiver location in a car, causing patien loss. Other part is due to the urban pesis-kthat is
much greater than free space loss. The path-las® dar the reference antenna seems reasonable. The
path-loss exponentis 4 ... 4.5.

2.5.10.3.2 Shadow fading in the vehicular scenario

The shadow fading results for the vehicular envitent are shown below. It is obvious that the vafoes
application antennas are too unreliable and haveetaiscarded. The reason is the limited number of
samples. The results for the reference antennanaasured from different routes. It can be seenrtbet

the standard deviation as well as the path-losgecare reasonable. Again we would expect eventsfigh
smaller standard deviation. The reason for its higllue may be the missing classification of the
environments into LOS and NLOS conditions.

Figure 2-50. Shadowing vehicular for reference ramge

Measured shadow fading standard deviation in védicecenario is 11.3 dB.




2.5.10.3.3 Vehicular DS
For the vehicular scenario the case is such treretlare quite limited set of data for the applarati
antennas. Instead there are quite much data forefleeence antenna. It should also be noted that th
application antennas were in more unfavourable tiposicompared to the reference antenna: The
application antennas were situated inside the ¢tereas the reference antenna was mounted on tibg of
car. We show here only the results of the refereamtenna.The RMS median delay spread for the
reference antenna is 0.6. However, values up to 3 exist. RMS delay spread for the reference antenna
in the vehicular environment is 0.8. Parameters for the model ares -6.22, =1.3.

Figure 2-51. RMS delay spread for the reference aatina in the vehicular environment.

2.5.10.3.4 Vehicular angle spread at UT in the vehicular eoriment
Due to the antenna characteristics only resultthefreference antenna could be used.

In this study we calculated the angle spread fahedane instant by using the 3GPP SCM specification
[SCM]. Averaging in angular domain was also caltedaover the stationary interval, with a sliding
window. Next sections present the angle spread @ative density functions (CDF) and probability diyns
function (PDF) of the MS angle spread in the thpespagation scenarios.

Figure 2-52. Angle spread in vehicular environment.

Vehicular azimuth spread is 36.1 degrees. Valuethtomodel are: = 1.56, = 0.15.







2.5.10.3.5 Ricean K-factor in vehicular scenario
The Ricean K-factors are shown in the figures wdlar the vehicular scenario.

a b
Figure 2-53. Ricean K-factor in vehicular environmat. Antennal VV (a) and Reference antenna VV (b).

a b
Figure 2-54. Ricean K-factor in vehicular environmat. Antenna2 VV (a) and HH (b).

The K-factor values are quite low. Probably duethe fact that the field strength was low in the
measurements for the application antennas. Theergfe antenna received with good signal strendth, a
least part of the time. However, also the measKréattor values of the reference antenna are asakvor

the application ones. The median value is abol8 arttl standard deviation around 4 dB in each case.




2.6 Urban macro-cell (C2) validation measurements at 33 GHz

The presented data is acquired in lImenau inngrinitJuly 2008. During the channel measurements the
mobile terminal was moving over 26 different tragksd links were monitored towards 3 different base-
station positions (Figure 2-55).

! 5
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Q

Figure 2-55. Measurement setup: a) Positions of thease stations and relevant
mobile routes. b) Pictures of measurement BS and UT

The sounding is performed at 2.53 GHz central feegy, and 40 MHz bandwidth is used in the
subsequent analysis. The more detailed informatimut channel sounder settings are given in Tal2@, 2
and




Table 2-29 describes the used antenna arrays.

The linear uniform array with 8 dual polarized etarts (PULAS) is used at base station positions. The
mobile terminal uses the stacked uniform circulaay (SUCA 2x12) that is constructed from two rings
both having 12 dual polarized patches. This anteammay was mounted on the rooftop of the car, at
approximately 1.9 m above ground level.

Table 2-27: Channel sounder settings.

RUSK TUI-FAU
Type
Medav, GmbH
Picture
Transmit power @ PA [dBm] 46
Centre frequency [GHZz] 2.53
Bandwidth [MHZz] 2x40 MHz
CIR length [ ns] 6.4
Snapshot rate [Hz] >75
MIMO sub-channels [#] 928 (16 58 eff.)
AGC switching in MIMO sub-channels
Positioning Odometer and GPS
Table 2-28: Antenna arrays.
Tx Array Rx Array
SPUCA 2 12 + MIMO-
Name (type) PULAS8 Cube
Picture
Height [m] 25,15 and 3.5 1.9
Beamwidth (3dB) : azimuth [°] 100 Oomni
elevation [°] 24 80
Tilt (down) [deg.] 5 0
Mobility [m/s] 0 3-5




Due to the complexity and time consumption of HRésolution-Parameter-Estimation (HRPE), the
presented Large-Scale-Parameters are determinextii® two different data sets. Namely, the pararsete
such delay spread (DS), the transmission loss (Shadow fading (SF) and the narrowband K-factor are
determined using the complete data set. The canelipg distributions for these parameters are gimen
[BSN+10] and will not be repeated here. The obthingesults are summarized in




Table 2-29 and compared with parameters regaitieing the WINNER phase II.

Obviously the extracted parameters match to theasagton and to the results from the WINNER 1l C2
model parameters. Some differences can be founthéomean DS under NLOS and standard deviation of
the K-factor (LoS parameter).




Table 2-29: PDF parameters of power- and delayelated LSPs .

Meas. urban macro cel WINNER Il C2

LoS NLoS LoS NLoS

DS -7.33 -7.15 -7.39 -6.63

logio([s]) 0.18 0.18 0.63 0.32
SF [dB] 0 0 0 0
6.81 8.30 4/6 8
K-factor 6.18 N/A 7 N/A
[dB] 6.83 N/A 3 N/A

L A 28.17 36.02 26 35.70

B 56.34 41.91 50.68 36.70

The dependence of LSP correlation coefficient alistance is shower in Figure 2-56 for track “9a-9b”
This illustrates the general behavior for all trecWwhere exponential decay shows strong dependamce
selected Base-Station (i.e. Tx location). A dedatien distance for Large-Scale-Parameters is deterd

as distance at which correlation coefficient driipé/e. The corresponding decorrelation distanoe:sém-
9m for the delay spread, 2.1m-7.5m for the shadmlinfy and 1.5m-3m for the K-factor [BSN+10]. These
distances are significantly lower than parametep®rted in WINNER phase |I.

Figure 2-56. Distance dependence of correlation dbieient.

The directional (and dependent) parameters aregWenydetermined for the data subset consistirgydifferent
links, established between the routes: ‘9a-9b’p*9@’ and ‘41a-42'(shown in red on
b
Figure 2-55 b) and base stations ‘BS1’, ‘BS2’ amB3’. In this reduced set the following parametare
determined: azimuth spread on departure, both dhimwd elevation spreads on arrival side and gootarization
rations. Note that the elevation angles on trarieméide have not been estimated, since geometheafised array
(ULA) is not suitable for this purpose.

Figure 2-57 shows very small values of azimuth apren the side of base-station. As could be seefrrior!
Reference source not found.these values are significantly smaller from thierence C2 WINNER Il parameters.
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Figure 2-58. Empirical CDF for elevation and azimuh spread measured on the side of mobile terminal.

The slightly increased values of elevation sprem@sobserved under LoS conditions. These values hat/been
obtained during the WINNER phase I, therefore carigpn cannot be made. The opposite (larger vaioes
NLoS) applies to azimuth spreads observed on thee i mobile terminal, Figure 2-58. These paransetee pretty

much the same as corresponding WINNER |l parameters

The parameters of normal/log-normal distributiondels have been summarizedimor! Reference source not

found. [SNK+10], together with corresponding C2 WINNERéferences.

Table 2-30: (Log) normal model parameters for diretional LSPs.

Meas. urban macro cell WINNER Il C2

LOS NLOS LOS NLOS

ASD 0.27 0.33 1 0.93

logio([deq]) 0.33 0.35 0.25 0.22

ASA 1.58 1.60 1.7 1.72

loguo([deg]) 0.20 0.21 0.19 0.14
ESA 1.33 131 - -
logu([deg]) 0.16 0.16 - B




The cross-correlation coefficients observed inrtteasured data are shown the following tables: T2t3& for LOS
and Table 2-32 for NLOS connections. Values fronrent measurements are shown in lower trianguldrixpa
while upper triangular matrix shows referent WINNERC2 parameters.

Table 2-31: Cross-correlation coefficients for LOSonnections.

Table 2-32: Cross-correlation coefficients for LOSonnections.

The measured cross-polarization ratios, and fitedmal distribution are showed in Figure 2-59. Qimd
parameters show good agreement with reported WINNER values.
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Figure 2-59. Empirical PDF for H® V and @ H cross-polarization ratios (XPRs).




3. Extended features for the models

3.1 Extension of models to 450 — 1000 MHz

Results of measurement campaigns described inoge2t? and 2.5 as well as the information from the
literature review [HIMO8] are used to justify thaension of the WINNER channel model down to 450 —
1000 MHz. Let’s look at the path-loss, delay spraad azimuth spreads at departure and arrivalen th
following sections.

3.1.1 Path-loss and shadow fading

Let's discuss first about the path-loss and shafdaling. Results from the Oulu urban and Helsinkiaur
vehicular measurements are shown below for conmeaieThe Helsinki path-loss data for pedestrian and
O2] scenario are not sufficient for path-loss model

a b

Figure 3-1: Path-loss a) at 775 MHz measured in Oulurban macro environment and b) at
522 MHz measured in Helsinki urban macro environmen

Path-loss in Oulu 775 MHz measurement in Figur@ &dn be given with the formula:

PL = 423+33log,,(d), d 2 200 (3-1)

Path-loss in Helsinki 522 MHz measurement in Figd#Eh can be given with the formula:

PL =-1+44log,(d), d3 200 (3-2)

These two results are slightly contradictory: Plas results from 775 MHz in Oulu give relativebmnler
values than path-loss results from 522 MHz in Hidsilf we compare the results to the well-known
Okumura — Hata model [Sey-05], Oulu results lieolelnd Helsinki results above the model. Especially
the path-loss exponent is higher for the Helsinkiasurements. The likely reason for the Oulu ressits
that the mean building height was 15 m and the B&rma heights were quite high, 30 to 40 m. In
addition, part of the measurements in the analysis performed in Line of Sight conditions. This sk
that the results in Oulu are and also should betdihan typical urban NLOS results.

The results in Helsinki were measured in downtowth vuilding heights of about 20 — 25 m, the BS
having an antenna height of 100m. The results f@kumura-Hata model probably exaggerate the effect o
base station antenna height, because the patlexpssient from the measurement exceeds the valoe fro
the model. All in all, taking into account the s#tal fluctuations in such measurements, we nthke
conclusion that Okumura-Hata model can be appliedn urban macrocell scenario for the frequency
range 450 — 1500 MHz, when the default antennahbh&d5 m.

PL = (44.9-6.55 log(heg) 10g:o(d/1000) +69.55+26.16lag(fy)-13.82l0go(hgd—CH  (3-3)

where




3.1.11
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CH =0.8-1.56 logy(fc) — (0.7 - 1.1 logy(fc)) hus,  for small or medium city or
3.2 (logy(11.75y9)? - 4.97, for large city
and

f. is the carrier frequency [MHz],

hgsis base station antenna height [m],

hus is mobile station (terminal) antenna height [m],
dis distance [m].

We require that the model for 450 — 1500 MHz witllii our path-loss model for 2 — 6 GHz [WIN2D112].
Actually we will propose also a model for the g&®@ — 2000 MHz, were COST-Hata model [COST231]
can be applied. The constants in each model shmildpecified to let the models be continuous in the
frequency borders. It turns out that we have tastdjlightly the models to get continuous behaviauthe
border frequencies 1.5 and 2 GHz. The condgEiitis practically zero for the UT antenna height k5
Therefore it can be dropped from the model.

Actually WINNER Il model for the urban macro-celivdronment includes a 3 dB constant for large sitie
Same constant has been specified in the COST-HatkelmThe original Okumura-Hata model does not
include such constant. However, to make the modesistent in all the frequencies 450 — 6000 GHz, we
adopt the 3 dB constant for large cities alsolierftequency range 450 to 1500 MHz.

We can take into account the results from WINNER#rature survey in [W2D112-2]. Three sources
investigated the frequency dependence of the psth-The results were slightly different suggestheg

the frequency dependence is 24, 20 or 20.7 dB g@eade in urban environment in the frequency rafige 4
-900 MHz in [RMB+06], [OTT+01] and [KI04], respeeély. [RMB+06] proposes also 30, 23 and 23
dB/decade coefficients for 450 — 900, 900 — 1808 B800 — 5100 MHz, respectively. In addition in the
COST-Hata model [COST231] the frequency dependésmcrore than 30 with reasonable UT antenna
heights. As a consequence we propose the frequiemandence 26, 35, 23 for NLOS urban and suburban
macro-cell environments for the above mentioneduesmcy ranges. We generate also a hexagonal model
for the urban microcell case in addition to the Kattan grid based model, and will use the same Inede

for macrocell, but using lower BS antenna heightvlOFor the LOS conditions 20lgff.) dependence is
applied as well as in the LOS and NLOS indoor sdesa

Building penetration values are suggested in [RO8Jd-Mean values of the perpendicular loss arel8.2t

1.3 GHz, 11.2 dB at 2.4 GHz, and 12.7 dB at 5.7 GHiem this we can deduce that the penetration loss
increases 1.8 dB per octave between 1.3 and 5.7 Bdassume that this can be extrapolated dowbQo 4
MHz.

Frequency dependencies of WINNER+ path-loss models

The path loss models shown Emror! Reference source not found.were originally based on measured
data obtained from measurements at 2 — 5.3 GHzseTlmodels have been extended to arbitrary
frequencies in the range from 0.450 — 6 GHz with &id of new measurement results at 522 — 800 MHz
and the path loss frequency dependencies defined bEollowing various results from the open litens,

as [RMB+06, CG+99, JHH+05, Rudd03, SMI+02, KI04,T96], the following frequency extensions are
employed for the frequency coefficient C:

For rural and indoor environments: C =20.

For all environments in LOS conditions, and for diktances smaller than or equal to the breakpoint
distance: C = 20.

Beyond the breakpoint distance, the frequency digrese is defined by the formulasknror! Reference
source not found.

For NLOS urban macro- and micro-cells and suburbaarocells: C = 26, 35 and 23 dB at ranges 0.200 —
1.500, 1.500 — 2.000 and 2.000 — 6.000 GHz, resdy:t

For indoor-to-outdoor and outdoor-to-indoor envir@nts: C is the same as in the corresponding outdo
scenario plus the frequency dependence of the iaeioet loss.




3.1.1.2 Comparison of measured and WINNER Il parameters
The LS parameters are compared with the WINNERlles in Table 3-1.

Table 3-1: Comparison of WINNER Il parameter valuesand measured values for 522 — 774 MHz.

WINNER Il C2 W::\,gqu UMaP UMa? oz2P o2P
Scenarios 775 MHz | 522 MHz | 775 MHz | 522 MHz
LOS | NLOS| NLOS Logé’\”- LoglsN'- NLOS | NLos
Delay spread¥S) [ns] median 41 234 41 123 650 60 750
AoD spread ASD [°] median 10 8 18 31 - 65 -
AOA spread ASA [°] median 50 53 58 67 45.1/3 80 49.7|
Shadow fading%F [dB] std 4/6 8 7 8 113 45 8
mean 7 N/A N/A 5 9/%
K-factor (K) [dB]
std 3 N/A N/A 7 6/47 7 6

1) Bandwidth=50 MHz (null to null).

2) Bandwidth =10MHz (null to null).

3) Combined LOS/NLOS gives large standard deviatiorehicular measurement.
4) Pedestrian / Vehicular.

When comparing the measurement results and WINNERrameters, it can be seen that shadow fading
standard deviation is slightly larger for the measwents. The likely reason is that there was no
LOS/NLOS distinction in our measurements. Taking thto account we conclude that we can assume the
measured values to be practically equal to the VERNI values.

It can be seen that the parameter values for mekutar environment are comparable with the WINNER
Il values [WIN2D112] especially for the 775 MHz nse@ement. We have to take into account that the 775
MHz measurements have been performed for combil@®/INLOS case. Then e.g. the delay spread value
fits well between the WINNER Il LOS and NLOS valué&nly the AoD value is clearly higher for the 775
MHz measurement than for WINNER |l results. Theswa is possibly some anomaly in the BS
arrangement. The 522 MHz measurements show valbieend 36 degrees for pedestrian and vehicular
case, respectively. We can conclude that the angalaes are practically equal in WINNER Il and our
current results in spite of the frequency diffeeenc

Let's now look at the urban macrocell 522 MHz résutloser. There is one parameter that differs
considerably from the WINNER 1l results and it letRMS delay spread. One obvious reason is that the
bandwidth is very small compared to the resultsthrer campaigns, 3 dB bandwidth is only 5 MHz. This
means that the pulse width is 200 ns and the réspolis approximately the same. Even this does not
explain totally the longer delay spreads. Howesanjlar results, long delays with low bandwidthande
found also in other references [HIM08]. Some a#téve explanations are the following: 1) Narrow
bandwidth means long impulse response of the meamnt device. Long tails of the IR lengthen als® th
power delay profile and delay spread. 2) In additize filtering may equalize the spikes and vallefythe
channel impulse response making the dynamics o€tResmaller which would increase the delay spread.
3) The narrow bandwidth and lower path-loss thahigher frequencies make that signals can be redeiv
farther away from the transmitter. This could catinsgt longer delay spreads may be measured. 4)yFina

is also possible that the delay spreads are rdaliger at lower frequencies, although there are
measurement results that are contradictory todbsimption. As a conclusion we propose that also th
RMS delay spreads are practically the same fdiredjuencies between 450 MHz and 6 GHz, if measured
with same bandwidth.

The Ricean K-factor is quite high in the measurdzhn pedestrian environment, 10 dB, even higher tha
in WINNER Il urban macro scenario, 7 dB. The pedastmeasurements were conducted in small areas so
that the value is not averaged entirely. This maythe reason for the high values. The vehicular
measurements on the other hand gave relativelyl smallue, i.e. 2 dB. This and lower values arédgb

for the NLOS environment. The deviations in K fast@re quite small suggesting the use of original
WINNER Il values also for the new frequency randg@se interesting result is the existence of raltiigh
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K-factor values in O2I case. During WINNER Il profeve assumed that it should be zero in linearescal
In spite of this fact we propose to use the origassumption to keep consistence between the models

3.1.1.3 Model parameters

Summary table about the measurement results thatissed for model parameters can be found in Table
3-2. Angular values at BS have been discarded, usecahe values were too different from other
measurements. They are here in logarithmic fortaklé for the channel model approach.

Table 3-2. Measured model parameters

Parameter Environment . .
o2l Urban pedestriafi  Urban vehicular

DS [logl10(s)] -6.24 -6.38 -6.49
DS [logl0()] 0.32 0.31 0.46
ASA [log10()] 1.64 161 1.52
ASA [log10()] 0.26 0.24 0.19
Ricean K’ [dB] 4 10 2
Ricean ¥ [dB] 6 6 2

1) VV and HH channels

3.1.2 Summary

When comparing the results of the WINNER+ measurgsnand the WINNER Il model parameters, the
conclusion is the following:

1) Path-loss can be converted to frequency rande 4300 MHz by applying different frequency
dependence coefficients in the range 20 — 35 dRipeade specified for frequency ranges 0.45 -11%+
2.0 and 2.0 — 6.0 GHz separately. (See Table 4-1.)

2) For shadow fading standard deviation should $edithe same values as in WINNER I model, when
using the frequency band 450 — 2000 MHz.

3) The gap in frequencies between 900 MHz and 206, the lower limit for WINNER Il model, can be
filled by using also there same values as in 4906-MHz and 2 — 6 GHz band.

4) Other parameters can be used as specified ilNERII models [WIN2D112].




3.2 3D-Extension of the Double-Directional Channel Modie

Most geometry-based stochastic radio channel mattel22-dimensional (2D) in the sense that they use
only geometrical xy-coordinates or equivalent paetars distance and rotation angle. This has been
sufficient until these days, but currently theregiste high interest in three-dimensional (3D) mibde
meaning that the departure and arrival angles hiavbe modelled in two dimensions, azimuth and
elevation, in coming channel models, distance b#ieghird dimension.

The importance of elevation is increasing. Oneoras the down-scaling of the dimensions in ceflldgy-
outs due to the ever increasing carrier frequentiethis section we search results for the behavid the
elevation angles in the literature to be used inr@8io channel models. In this section we develdjls
frame-work for 3D channel modelling based on theent 2D WINNER model.

In the following sub-sections we introduce the eatrsituation in Geometry-based Stochastic Channel
Modelling (GSCM) as regards elevation. Next we dadtrce the results from the literature review and
propose distributions and parameter values forntlost interesting environments: indoor, urban macro,
urban micro, suburban macro and outdoor-to-indoor.

3.2.1 Current status

Current popular Geometry Based Stochastic Modes(QR8), e.g. [D112, SCM, M.2135], are in practice
2-dimensional: One reason is the fact that two-dsienal models have been sufficient for the needs s
far, another reason is that the addition of thedtkimension, elevation, is assumed to make theefsod
much more complex than the 2D ones. Third reasoprastical, there are not very much measured
elevation data available, at least data that cargerded as statistically representative. At tloenent the
situation is changing and there seems to be rerbigrkaterest in 3D channel models.

In [D112] of IST-WINNER Il project there was somisclssion about the 3D modelling. However, at that
time complete 3D model was not created, althoughesguidelines were given. In [D112] the most
important elevation parameters were reported far émvironments: Indoor and Outdoor-to-Indoor (O2I)
scenarios. As such the extension of the model lega lguite straightforward a task. Adding third &dat
dimension to a GSCM model means the inclusion af ow four angle variables in addition to the two
original ones. In the following we assume that 3Beextension is applied primarily to SCM, WINNER or
IMT-A channel models, defined in [SCM], [D112] afid.2135], respectively, or equivalent.

The extension methodology has been largely speciite WINNER Il channel models [D112] in a
proprietary paper that has not been published [BKWow the paper has been included in this documen
as the Annex. In the paper changes are proposea@rhaeeded to the WINNRER 1l 2D channel model
implementation [WIM2] to make it 3D. The 3D implemation can be found in [WIM2-3D]. The most
important missing information in [EK-08] consist$ the parameter values for the elevation angles in
departure and arrival except in the Indoor and §&2harios discussed above. In the next sectionatila
values are collected from literature and some ggizations are proposed for the model parameters. |
addition slightly different approach is proposetbbeincluding the specification of mean elevatiomgkes.

3.2.2 Extension to include the elevation

Within a stationarity region we can assume thatpiwer angular spectrum (PAS) of the elevation esgl
(power elevation spectrum, PES) is stationary ddteed by local fixed mean and standard deviation as
well as fast varying instantaneous value as funatiblocation. This behaviour makes us call thenalsm
scale (SS) parameters.

Let's denote the local mean ofasm and local standard deviation ascalculated over the stationarity
region, typically 40 wide, where is the used wave length. Nom and are local constants in the
stationarity region. Over a wider area, they howere slowly changing variables called Large-S¢hi)
parameters.




3.2.2.1 Small-scale distribution of elevation

3.2.2.2

Within a stationarity region we can assume thatptvrer angular spectrum (PAS) of the elevation esgl
(power elevation spectrum, PES) is either Laplacarmore generally double exponential. It is also
possible to use wrapped or truncated Gaussiarikdison. To specify the distribution we need thedb
mean and local standard deviation, except for do@blponential distribution we need two parameters
describing the standard deviations for the two egpdial parts. Assume that the range @ [- /2, /2], SO
that 0 angle is in the horizontal plane. The Gaussiistribution is given in (3-1) and double exputied
distribution in (3-2 a and b).

plg) = AT ® > gl [ 2,4] (3-4)
_ -N2(g-q| /s Tl ]
p(g) = Ae . ¢ ]2.4q] (35 a)
p@)=Ae U gl g4 (3-5b)

where is the elevation angley is the elevation angle of the maximum probabilignsity. Parameters

“and " are the width parameters of the distributionsAA, A; are selected to make the total probability
to one. If " is " and A is A, double exponential distribution turns to Laplatistribution. All the
distributions are truncated (or wrapped) to thegeapz /2, /2]. In what follows, the Laplace distribution is
used.

Large scale distribution of elevation

In the following we assume that local mean elevatiogle and local standard deviation are largeescal
parameters separately at BS and at UT. To desaimepletely the behaviour of the LS elevation
parameters, we shall determine the probabilityrithistions with their first and second order momefift&e
must also determine the relevant auto- and crogglations between the elevation angles in BS afd U
Also the cross-correlations between elevation ghdrd_S parameters need to be determined.

As the first approximation it is assumed that tf&darameter mean elevation angle is normally bisteid

with linear values. Main reason is the fact thammelevation must be able to have also negativeesal
This makes that the log-normal distribution is sattable. On the other hand, most cases composed of
addition of several variables tend to be normatritisted. On the other hand the elevation spreduega

are assumed log-normally distributed and the catimis are performed with base-10 logarithmic valoke

the parameters. Note that the linear RMS elevatipread can not be negative, so that log-normal
distribution gives reasonable values in this respec

3.2.2.2.1 Normal distributed LS elevation parameters

Assume that following LS elevation parameters hasenal distribution:

my,, random local mean value of elevation at BS,
m,, random local mean value of elevation at UT.

The behaviour of the two random variables abovebeadescribed by the LS parameters:

MED, global mean ofn,
MEA, global mean ofn,
mep, Standard deviation of,
mea, Standard deviation ofy,

Assuming the distributions afy, andm, normal with meanMED andMEA and standard deviationgep
and yea respectively, we get the probability density fiimes:
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Actually we neglected the possible correlationsveein the departure and arrival parameters. Whededee
the correlations are treated as in [D112]. Nomywandm, can be drawn by known algorithms generating
random numbers distributed like in formulas (3).

3.2.2.2.2 Log-normally distributed LS elevation parameters

For the RMS elevation spreads the distribution th@’normal, because the values below zero aréngiss
From the possible distributions log-normal will éeplied in this document for simplicity, see 3.2.2.

In addition we need the autocorrelations of MED, MEESD and ESA as well as the cross-correlations
between all pairs of MED, MEA, ESD, ESA and otheefLS parameters specified in [D112]. These LS
parameters are:

- Shadow Fading

- Ricean K-factor

- RMS Delay Spread

- RMS Azimuth Spread at BS

- RMS Azimuth Spread at UT.

Then the mean and standard deviation of the Idgaritf the elevation angles determine the distrdouti
Let’s specify next that:

p is base-10 logarithm of random local standardatén value of elevation at BS
v is base-10 logarithm of random local standardaténm value of elevation at UT.

Because we assume now non-zero mean, the distnibigr the local standard deviation can be caledlat
by:

- (Sb- 7EsD)?
2
S - 1 2SEsp
p( b ) Vaps ESD
- (Sy- mesa)? 3-7)
2sfep

p(S,) = 2 —e

ESA

where gspis the mean andgsp is the standard deviation of the logarithmic L3apeeter RMS elevation
spread at BS. Furthergspand gsaare the corresponding values for the UT. The salgarithm as above
can be used for generating properly distributedesffor , and . The values need to be converted linear
to be used for computing the actual elevation angle procedure in [WIN2D112] can be followed.

3.2.3 Correlation properties of the elevation parameters

3.231

Correlations of the LS parameters

The LS channel parameters have been shown to belated, see e.g. [D112]. Therefore the correctly
distributed parameters for simulations can be dramly, if the correlations are known. LS parametafrs
the channel model are correlated with each othbes@& correlations are called cross-correlations. In
addition parameter values in closely located paimtspace are correlated. This is called auto-tatios,

and it is modelled with an exponentially decayingdtion [D112]. For the model we need the auto-
correlations for all the LS parameters and crossetation values for all pairs of parameters. Far auto-
correlation values we need the correlation lenfighshe auto-correlations.




3.2.3.2 Correlations of the SS parameters

Many channel parameters are correlated also inlswale. E.g. the Channel Impulse Responses (R) ar
correlated, when the different receiving antenrmsvell as different transmission antennas are aaeh
other. This correlation is included in the doubieectional channel model implicitly through the elitions

of the departing and arriving rays that are netimdysame for antennas very close to each other.

3.2.4 Literature survey for elevation parameters

In [KSL-02] the micro-cellular scenario has beenaswed for three different BS antenna heights. The
results are In [KSL-02] several environments treatehbeen measured at 2.154 GHz and analyzed by TKK
are presented. Results are given for the UT indndoutdoor-to-indoor, urban microcellular and neacr
cellular environments as well as in the suburbgh\way environment. The results are shown in Take 3
The results are such that the environment has hesamed stationary: Only one mean and standard
deviation value of elevation per scenario and fdgion is given. On the contrary the results irliD]
assume a nonstationary environment, where the foeah is variable as function of location.

This source [KSL-02] presents two interesting idddasstly, one parameter that has been measuredlifor
the environments is the mean elevation. Secondyeflevation values are given for both vertical and
horizontal electric fields. The reason seems ta leend that the horizontal polarization has highean
elevation value in most cases. The inclusion ofrtigan elevation values seems to be necessary ia som
form for the elevation model, although this makas model more complicated. The systematic diffezenc
in elevation spread in favour of horizontal polatian is probably more easily accounted for. It ldoeven

be possible to use same mean values for both patams for simplicity. In the table below the vedu
have been averaged over the BS height and alsdalwe@olarization.

Table 3-3: Mean and median elevations and rms eletran spreads at UT in five
environments [KSL-02].

Indoor 02 UMi UMa SMa
215GHz | 215GHz | 2.15GHz | 2.15GHz 2.15 GHz
Condition NLOS NLOS NLOS NLOS | LOS/OLOS’
Percentage 60 100 78 96 70
Mean f] 1.60 -0.95 1.82 10.50 5.45
Median f] 2.85 1.20 35 14.15 8.75
[ 9.70 11.35 7.45 15.20 12.45

1) OLOS means obstructed LOS.

According to the reference the dependence on paldon is quite clear. The averaged median value is
about 35 % and the RMS elevation spread is aboWo2tigher for horizontal polarization than for the
vertical one.

In [KSL-02] the micro-cellular scenario has beeraswged for three different BS antenna heights: éh@

13 metres. The building heights varied between r2 30 m. The result is such that the higher the BS
antenna, the higher the value for mean elevatigtezend RMS value of the elevation spread. Theeame

in elevation mean and spread is probably causedhbyincreased propagation over the roofs when
increasing the BS antenna heights. This resulbesfound in the table below.

Table 3-4: Effect of increasing BS antenna height® elevation parameters at UT [KSL-02].

Increase of elevation parameters (%) for
increased antenna height from 3 m:

BS height (m) 8 13
Mean 32 164
ESA 11 27




More results of TKK have been described in [KLV+0BJeasurements have been conducted in an urban
macro-cell environment in Helsinki downtown at 216Hz with a wideband radio channel sounder of
TKK. The chip frequency of the used 255 length mesmce was 30 MHz. Here the directional results
have been analysed for the terminal (UT) at theilma@nd. Results in this report are given in figyrso

that some relevant characteristics had to be extldry inspection.

Interesting results are the following:

- Elevation was concentrated in elevation angles drighan zero, although ranging from -60 to 60
degrees. This result is similar to the resultsShT+04].

- For longer delays the elevation angles approackeal Zhe trend was clear, but parameter values were
not given.

In [SLT+04] NLOS Macro-cellular residential envirment was measured in Tokyo at 4.5 GHz centre
frequency and 120 MHz bandwidth using MIMO charsmlinder (RUSK). BS antenna height was 30 m,
UT antenna height 1.6 m and the average buildinghtevas about 6 m around the UT. Street width was
approximately 5 m. The measurement route length &% m. The median elevation angle at UT was
about 7 degrees above horizon for both V and Hrzaiions having a clear spike in the distributinrthat
elevation. The mean value was obviously near thdiane Standard deviation could only be estimatethfr
the figures and was roughly 10 degrees. ElevatiddSawas not reported. Two interesting results lsan
noticed:

- The small-scale distributions are asymmetric thpimging power concentrating on elevation angles
higher than zero.

- The cross-polarization ratio XPR is highest in thedian elevation for both V and H, but decreases
gradually towards zero (in dB) when moving towavdsy high and very low elevation angles.

The first result has been observed also by otrerarehers, e.g. [KLV+03]. Also the second resulinsis
reasonable.

[YH-04] investigates the propagation in an indonvieonment consisting of one medium sized room gisin
ray-tracing. Centre-frequency was 2.25 GHz. Elewvatialues were between 0 and 25 degrees. Results fo
elevation in LOS and NLOS conditions are given thelo

Table 3-5: Elevation mean and RMS spread in an indw
environment using ray-tracing.

Condition LOS NLOS
Mean [] 8.2 17.7
] 35 3.4

In addition the authors show that the spatial dati@n depends strongly on RMS elevation spreathab

for low elevation spread the SS correlation is néaand for elevation spreads near 20 degrees the
correlation is approximately 0.3 in average. Tleisult is presented for indoor environment, but nliksty
same phenomenon can be found in all environmergsrtee extent.

In [MRA+05] MIMO channel characteristics in a smailcro-cell were investigated. The measurements
were performed at 5.25 GHz and 200 MHz Bandwidthio Dutdoor and three outdoor-to-indoor locations
were measured using a network analyzer. Very maopggation paths could be analyzed. Azimuth
statistics was presented for both BS and UT. Eiewavas reported only for UT. The elevation angies

UT were concentrated in the range -85 and 85, ngtmalues were between -60 and 60 degrees. The
report did not give the mean nor median valueshgioty therefore that the expected values are difitefior
different cases, like outdoor and outdoor-to-indoases. The values for the RMS elevation spreadsiéo
different UT locations were 19 and 20 degrees lier dutdoor locations and 12, 10 and 11 degrees for
outdoor-to-indoor locations. This gives the meavalion spreads:

20 degrees for outdoor locations and




11 degrees for outdoor-to-indoor locations.

The measured cross polarized power for outdoortitmes was in average about 8 dB below the co-
polarised power in reception. For outdoor-to-indlmmations the corresponding figure was 6 dB. Hasvev
it is evident that the small number of locationsamequite large uncertainty in all these figures.

In [NKS+09] elevation spreads on arrival (UT) wasklyzed in an urban macro-cellular environment. The
heights of three Base Stations are 25 m and thenaatheight of the UT is approximately 1.5 m. The
results are given in logarithms of elevation areghd standard deviation of this logarithmic elevatidhe
values are given as they are specified in the WIRNEchannel model for azimuth spreads [D112]. The
resulting logarithmic values are:

1.31 for the mean logarithmic RMS elevation spratalrrival (ESA)
0.17 for the standard deviation of the ESA.

Logarithmic ESA corresponds to the linear value26f degrees. Values corresponding to logarithmic
standard deviation are now 14 and 30 degrees lmholabove the median value.

In [Med-05] elevation results collected in COST 2ft8 indoor environment are given in Table 3-6.
Results seem to concentrate in the neighbourhoo@ t§ 7 degrees for total spread and below 3 @sgre
for intra cluster elevation spreads. The mean te$islve been included also in [VKK+04] and [Cor-06]

Table 3-6: COST 273 indoor elevation spreads

Elevation Spread [Rms deg]
Total Cluster
Reference BS MS BS MS
TD-04-192 0-3 0-3
TD-04-193 6 7
Med2001 4-9 4-9
TD-05-050 5 5 5

In [KH-07] the data was obtained from a measuremsanipaign at the campus of Technische Universiteit
Eindhoven. The system is based on an 3-D tiltedscewitched antenna array that consists of 31 nweaop
antennas and uses improved Unitary ESPRIT algoriffime center frequency was 2.25 GHz in a band of
100 MHz. The measurement scenario was macro-cellataaracterized by several high buildings and
scattered vegetation. The transmitting antennaistes of a 8 dBi waveguide horn antenna with an
azimuthal half-power-beam-width of 53’ he antenna was positioned outside, at 57 m agowend level
and pointed downwards with a tilting angle of.Zbhe receiving antenna consisted of a 31-elemdht 3
antenna array mounted on top of a measurementleedtic3.5 m above ground level. The length of the
measurement route was 240 m.Clear tracks for ahiiuod elevation angles as function of snap-shdtcou
be recognized. The elevation values of strongdsispst UT ranged from 15 to 60 degrees, one pateb}
following the geometric elevation of the Tx seeritet UT. Taking all the other paths into accouatieto
values ranging from — 30 to 60 degrees.

[FRB-97] has been written in the year 1997. Theatgr&t value of this source has in giving the CDF of
elevation distribution with the mere angles ana aléth the power weighed angles. This gives insight

the scaling factor of the elevation spread. Thadmgtter and receiver antenna heights were 47 amgl 2
respectively. The environment can be classifiecanrimacro-cellular and the centre frequency was 890
MHz. The 50% values were 23 and 15 degrees for amelgpower weighed angles, respectively, and the 90
% values were 47 and 37 degrees, respectively.

Measurements reported in [LKT+02] have been peréatmvith the same settings and in the same
environment as the measurements in [KLV+03], extlegit the measurements in [LKT+02] were static but
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3.24.1

3.2.4.1.

[KLV+03] contained also moving measurements. Thaults contain also microcellular situations, where
the BS height is lower than the surrounding buddiight. In [LKT+02] the BS characteristics hae=b
analyzed. The elevation angles at the BS tendhaentrate on lower elevation angles. Majority lass
than zero degrees, the values ranging from -2@€@degrees. The distribution is clearly narrowentfor
the UT. The dominance of negative elevation arglguite understandable for the greater height B8
than UT antenna. Cases, where the elevation isdenably over the zero, belong to microcellularesas
where the waves propagate over roof tops.

In [VKK+04] several environments were measured andlyzed at 5.3 GHz. Azimuth values are given
here to show conformance with other measurememsaions are given for Rx (ESA) and Tx (ESD).
Results for RMS angle spreads can be seen in bfe below and seem to be reasonable. The giveresalu
are assumed to be stationary. It should be notedthiese results have been the basis for the COST 2
model elevation parameters [Cor-06].

Table 3-7: Azimuth and elevation spreads at 5.3 GHfor four
environments [VKK+04].

Environment ASA ASD ESA ESD
Indoor 37.3 40 7 6.3
02l 39.2 7 5.8 2.2
UMi LOS 28.9 5.1 25 1.3
UMi NLOS 40.3 12.6 4.7 2.5
UMa 52.3 7.6 7.7 1.7

In [MTI+09] measurements have been conducted atGHZ in urban small macro-cell environment in
Kawasaki, Japan. The goal was to investigate aludtaracteristics. Main results: At 4.5 GHz atamrb
macro-cell the mean elevation angle and standawihtiten for clusters are 3 and 4 degrees for BS,
respectively, as well as 7 and 5 for UT, respebtivEhe values have been calculated from valueRaiole

10 of [MTI+09] and rounded to integer values.

Summary of the literature survey

1 Mean and standard deviation of the power elevasioreads

In Table 3-8 the parameter values from the mogrésting sources for indoor and outdoor-to-indoor
elevation parameters are summarized. Mean and mediaes at BS are missing.

Table 3-8: Elevation summary table for indoor and atdoor-to-indoor scenarios.

Indoor Indoor Indoor Indoor o2l 02| o2l o2l
Elevation [ ] wWiN2? wiN2? £K185Lé)H2] cosT? WiIN2? [KSL-02] | cosT? | [MRA+05]
2-6GHz | 2-6GHz | 2 Z| 53GHz | 2-6GHz | 215GHz | 53GHz | 525GHz
LOS NLOS NLOS NLOS NLOS NLOS
At BS:
ASD ()Y 7.59 11.48 7.59
ASD ( )? 2.04 1.62 2.19
b 7.59 11.48 6.30 7.59 2.2
At UT:
Mean 1.60 -0.95
Median 2.85 1.20
ASA ()Y 8.71 12.59 10.23
ASA ()P 1.82 1.48 2.69
" 8.71 12.59 9.70 7.00 10.23 11.35 5.8 11
1) Median value of RMS elevation spredjl [
2) Coefficient that defines the high and low ASD valat the points of log-normal distributiont and — , being

ASD ( )*ASD ( ) and ASD ()/ASD (), respectively.
3)  WINNER Il model parameters [WIN2D112]

4) COST 273 model parameters [Cor-06]




For indoor parameters the COST 273 values seenlesniizhn WINNERII results and results from [KSL-
02]. The latter gives results only for UT, but frdhis table we can judge that these results fiy weell
with the results of WINNERII. This fact makes thetlzor to favour WINNERII results also for the BS
results.

It is also proposed that the mean or median valu®&T elevation will be taken to the coming modain
[KSL-02] although the environments are differe@brresponding value for BS must be taken by ad hoc
basis. However, assuming that the BSs antennaestadled near the ceiling, the values should hgosjte

to those given for UTs.

Let's look at the O2I results. Now there are thedevation spread results for UT that are reasonabéy
each other, namely results from WINNERII, [KSL-G&#}d [MRA+05]. The latter two are slightly higher
than the WINNERII value. However, WINNERII parameig log-normally distributed with median value
given so that the mean value is obviously highéer&fore the WINNERII values could be the basis for
the coming elevation model parameters.

We could adopt the mean or median value from [K8L-Blthough the BSs in [KSL-02] were 3 to 13 m
above the UT routes, the elevation mean and medi&iT are smaller than for indoor environment. As
regards the opposite case, we have now to estittmatenean or median angle by geometric grounds: With
some simple geometric considerations it should &®y ¢o calculate some initial values for the mean o
median elevation at BS. Probably it could be fixedomewhere between -1 and — 5 degrees. Thigmatt
depends on the precise environment so that morgatecvalues should be found in later phase.

All the outdoor results are summarized in Table. R@sults for urban micro (UMi) come from two
sources: COST 273 and [KSL-02].

Table 3-9: Elevation summary table for outdoor scearios

UMi UMi UMi UMa UMa UMa UMa UMa SMa SMa
COSP COSP | [KSL-02] COSP | [NKS+09] [NKS+09] | [KSL-02] | [MRA+05 | [KSL-02] | [SLT+04]
5.3 GHz 53GHz | 215GHz | 53GHz | 253 GHz 253 GHz| 215GHz | ] 525 | 215GHz | 45GHz
GHz
LOS NLOS LOS NLOS NLOS
At BS:
b 13 25 - 17 -
At UT:
Mean 1.82 10.50 5.45 7
Median 35 14.15 8.75
ASA ()P 21.4 20.4
ASA () 1.45 1.45
u 25 4.7 7.45 7.7 21.4 20.4 15.20 20 12.45 10
1) Median value of RMS elevation spredjl [
2) Coefficient that defines the high and low ASD vala the points of log-normal distributionr and - , being ASD ()*

ASD () and ASD ()/ASD ( ), respectively.

3) COST 273 model parameters [Cor-06]

COST 273 results are from 5.3 GHz and the resdl{$L-02] are measured at 2.154 GHz. This may
explain the difference in the values, but the autisoinclined to regard the values in [KSL-02] more
reliable. The RMS elevation spread at BS must kertdrom COST273.

For UMa we have four sources: COST 273, [KSL-ORIKE+09] and [MRA+05]. Again the COST 273
results are clearly smaller than the three othérse take the average of the three other valuegyete
approximately 18 degrees for the RMS elevation aghreThe standard deviation can be taken from
[NKS+09] and the mean or median at UT from [KSL-0&] the moment the mean value for BS is based
on common sense reasoning, but 2 degrees coulddekas an initial value. For the RMS elevation agre
there is the value from COST 273, 1.7 degrees.

For SMa there are two results that are quite naein ether. Mean of these values could be usedh&UTT.
At BS there are no results, but UMa results candsal as the first approximation.




3.2.4.2 Cluster parameters

Cluster values for elevation could be found in tieéafew sources. These results are discussed hext.
[MTI+09] cluster results for azimuth and elevatispreads were given for 4.5 GHz center frequency at
urban macro-cell scenario. The mean elevation aaglestandard deviation for clusters are 3 andyfeds

for BS, respectively, as well as 7 and 5 for UBpextively. The values have been calculated frolmega

in Table 10 of [MTI+09] and rounded to integer \edu

In [Med-05] cluster values between 0 and 3 degezesproposed for indoor environments. These values
can be regarded as indicative. In [D112] thereraselts for indoor and outdoor-to-indoor scenaridss
reference proposes to use the constant RMS val@edefgrees for standard deviation from cluster mean
angle.

Table 3-10: Cluster parameters from literature.CESDis clusterESD, CESAIs clusterESA.

Indoor Indoor Indoor 021 UMa
WINNER Il | WINNER Il | [Med-05] | WINNER Il  [MTI+09]
2-6 GHz 2-6 GHz 5.3 GHz 2-6 GHz 4.5 GHz
LOS NLOS NLOS NLOS LOS/NLOS
At BS:
CESD () 3 3 13,5 3 3
CESD () 0 0 0 0 4
CESDY 3 3 3 3
At UT:
CESA () 3 3 13,5 3 7
CESA () 0 0 0 0 5
CESA 3 3 3 3 7

1) Proposed constant values for cluster RMS elevaioaads.

3.2.4.3 Proposed values

For almost all scenarios in Table 3-10 3 degreesiitable for the proposed value. Only in UMa @rdes

is proposed instead. Values for UMi and SMa aresimis Values between 3 and 7 are probably
appropriate for these environments. To be ableaate the desired initial models, we propose tothse
same values for UMi and SMa as for the UMa for dioity, see section 4.2.1.4. Thus 7 degrees is
proposed.

3.2.5 Correlation of the LS parameters

In 3.2.3 we saw that we need the cross-correlatednes for all pairs of LS parameters. For the auto
correlations we need the correlation lengths. Rraadues for cross-correlations can be found fa th
indoor and outdoor-to-indoor scenarios in [D112][NKS+09] the cross-correlations are given for UMa
environment for UT elevation and other LS paranseté&or the other scenarios the values are missing.
However, values for UMi environment have been ideldl by analogy to the UMa results. Cross-
correlation values for Indoor, 120, UMi and UMa sa€os are shown in

Table 3-11.

It is easy to see that the knowledge about theelaions is not sufficient. Some assumptions cdagd
made: Many correlation values are so low that tewybe set to zero. This has been done in

Table 3-11 by replacing all cross-correlation valless than 0.4 by zero. Some correlation valuesi ge
have quite high absolute values in the cases medsurWINNER Il [D112]. However, sometimes values
from different measurements are contradictory H®A vs DS, where we have selected the value O for
unknown correlations.




Table 3-11: Cross-correlations between ESA and ESWIith the other LS parameters.

Scenarios Indoor o2l UMi UMa
LOS NLOS NLOS LOS NLOS LOS NLOS
ESDvsSF 0.4 0 0 0 0 0 0
ESAvsSF 0 0 0 0 0 -0.8 -0.8
ESDvsK 0 N.A. N.A. 0.0 N.A. 0.0 N.A.
ESAvsK 0 N.A. N.A. 0.0 N.A. 0 N.A.
Cross- ESDvsDS 0.5 -0.6 -0.6 -0.5 -0.5 -0.5 -0.5
Correlations ESAvsDS 0.7 0 0 0.0 0.0 0 0
ESDvsASD 0.5 0.5 0.5 0.5 0.5 0.5 0.5
ESAVSASD 0 0 0 0.5 0.5 0 -0.4
ESDvsASA 0 0 0 0 0 0 0
ESA vs ASA 0.5 0.5 0.5 0 0 0.4 0
ESD vs ESA 0.4 0.5 0.5 0 0 0 0

Correlation lengths for the elevation parametergehet been specified in any of the references. élaw

first approximation could be to use the correspogdengths for azimuth angles, see Table 3-12. The
reasoning could be that because the azimuth andtela spreads originate from the same clustegsy th
autocorrelations should behave in the same way.

Table 3-12: Azimuth spread autocorrelation lengthsat BS (ASD) and UT (ASA) [D112]

. Indoor 021 UMi UMa SMa RMa
Scenarios
LOS NLOS | NLOS LOS NLOS LOS NLOS LOS NLO LOS NLOIS
Correlation | ASD 6 5 15 13 10 15 50 15 30 25 30
distance fn] ASA 2 3 35 12 9 15 50 20 30 40 40

Starting from values in Table 3-12 and taking edaskraged) values for ESD and ESA for simplicitg,

get the values in Table 3-13. We propose theskeaisitial values for autocorrelation lengths.

Table 3-13: Estimated elevation spread autocorrel@n lengths at BS ESD) and UT (ESA)

. Indoor 021 UMi UMa SMa RMa
Scenarios
LOS NLOS | NLOS| LOS NLOS LOS| NLOS LOS| NLO$  LOS NLOS
Correlation | ESD 4 4 25 12 10 15 50 18 30 32 35
distance fn] ESA 4 4 25 12 10 15 50 18 30 32 35

3.2.6 Frequency dependence

Frequency dependence of the results would be vagrdsting. The results of this survey have been
extracted from different frequencies, mainly betw@el and 5.3 GHz. The measurements by [VKK+04] at
5.3 GHz give results that are smaller than otherces. This could depend on the higher frequenay, b
there are other results like [MRA+05] and [SLT+@4pund 5 GHz that give considerably larger paramete
values, which do not notably differ from the reswudt 2.15 GHz. For the time being we propose teficc

the assumption that the elevation parameter vateesqual over the range 2 to 6 GHz. Taking intmant

the results in section 3.1 we propose to generalze the elevation model for whole the frequeraryge
0.45 - 6.0 GHz.




4. WINNER+ channel models

In this section we describe the frequency extensfahe WINNER Il channel model. We also descrie t
inclusion of elevation angles in the model. Thendescribe a proposal for relay models. We alsogmtes

how the WINNER Il and IMT-A channel models can bedified so that they can be used in HW channel
emulator.

- Frequency extension of the WINNER channel modéhéorange 450 — 2000 MHz.
- Extension the model to 3D.

- Introduction of OTA and HW emulator channel modétessibly also distributed antenna and relay

models.

4.1 Extension of WINNER+ channel model frequency range

4.1.1 Path-loss and shadow fading

Path-loss and shadow fading are given for UMi (B1yja (C2), O2la (B4), O2Ib (C4) and O2I scenarios

for the frequency range 0.45 — 6.0 GHz in Table 4-1

Table 4-1 Summary table of the path-loss models

Scenario Path loss [dB] Shadow | Applicability range,
fading | antenna height default
std [dB] | values
PL=227log,,(d) + 27.0+200log,,( f.) s=3 [lom<d<dge?”
LOS _ :
PL =400log,,(d) + 756- 17.3log,,(N'ss) s=3 |dsp<d<5km
- 17.310g,5(Ny,s) + 2.7100,,(f.) hes = 10m,fiys= 1.5m
Manhattan layout: s=4 10m <d; < 5km,
PL=min(PL(d,,d,),PL(d,,d,)) wWi2 <d, < 2km®
where w =20m(street width)
NLOS PL(d,.d,)= hes =10m,hys=1.5m When
PL os(dy) +17.3- 125n; +10n; log,,(d,) + 0O<d,<w/2,the LOSPL i$
3log,,(f.) applied.
UMi and n; = ma><(2.8- 0.0024, ,1484), PLios is the path loss
(B1) of B1 LOS scenario an 1T {1,2}
Hexagonal layout:
£ 0.45-15GHz s =4 10m<d<2000m
PL =(449- 655l0,,(hgs))10g,0(d) + 583l0g,0(hgs) + hgs=10m
1633+ 2616log,,(f,) hyr =1.5m
NLOS fo 1.5- 2.0GHz
PL=(449- 655l0g,,(hys))log,,(d) +
583l09,,(Nss) +14.78+3497l0g,,(f,)
f. 2.0- 6.0GHz
PL =(449- 655l00,,(hgs))0g,,(d) +
+ 583log,,(hys) + 1838+ 23log,,(f.)
Manhattan layout: 3m<d,,+di,< 1000m,
hes= 25
O2la g PL=PL, +PL,+PL, s=7 |hus=3(Mg-1)+ 1.5
(B4) See 1) for explanation of
where parameters.




PLou( = PLb(doul +din)
PL,, =1764+14(1- 18logl0(f,))+15(- cosg))’
PL, = 0.5d,,

wherePL, is the path-loss of UMi (B1)

in LOS/NLOS. (Use LOS, if BS to wall connection
LOS, otherwise use NLOS)

Hexagonal lay-out:

PL = PL,(d,, +d,)+2104+14(1- 18log,,(f.)) + 05d,
where PLy, is the path-loss function of UMi (B1)
LOS scenario.

PL = PL,(dgy +d,,)+2104+14(1- 18log,,(f.)) +

05d,, - 0.8h,,q
where PLy, is the path-loss function of UMi (B1)
NLOS scenario.

(Use LOS, if BS to wall connection is LOS, othersy
use NLOS)

is

nw = u
1] 1l
~ ~

]

is

10 m<d<2000m

LOS

PL = 238log,,(d) + 27.2+ 200log,,(f.)

PL =400log,,(d) + 9.0- 16.2l0g,,(hgs)
- 162l0g,(hys) + 38l0g,q(f.)

s=4
=6

30m <d < dBp,

dgp < d < 5km,
hBSZ 25m,hMS: 1.5m

SMa
(C1)

NLOS

f: 0.45-15GHz
PL = (449- 655|Oglo(hBS))|0g10(d) + 5‘83|0910(th) +
1333+ 2616log,( . )

f. 1.5— 2.0 GHz
PL = (449 - 655l0g,,(hgs))l0g,, (d) +
583109, (hgs) + 1178 + 3497l0g,,(f,)

fo 2.0- 6.0GHz

PL=(449- 655l0g,,(hys))log,,(d) +
+ 583100, (Ngs) +1538+ 23l0g,,(f.)

50m <d < 5km,
hBS: 25m,th: 1.5m

LOS

PL = 26.0log,,(d) +25.0+ 200log,,( f.)

PL = 400log,,(d) + 927- 14.0log,,(hgs)
- 140l0g,,(hys) + 60l0g,(f,)

s=4

10m <d <d'gp?

d'gp <d < 5km
hBSZ 25m,hMS: 1.5m

UMa
(C2)

NLOS

f. 0.45-15GHz
PL =(449- 655l09,0(hgs))10g;,(d) + 58310g,(hgs) +
1633+ 26.16log,,(f,)

f. 1.5— 2.0 GHz
PL =(449- 655l0g,,(hss))log,,(d) +
583l0g,,(hys) +14.78+3497l0g,,( . )

fe. 2.0- 6.0GHz

PL = (449- 655l00,(hgs))l0,(d) +
+ 583109, (hgs) +1838+ 23l0g,,( . )

s=8

10m <d<5km
hBSZ 25m,hMS: 1.5m




Hexagonal lay-out: s=10 |10m<d<5km
h35=2511, hM5:3n|:| +1.5m
PL = PL,(d,, +d,)+2104+14(1- 18log,,(f.)) + 05d,,

wherePL,, is the path-loss function of UMa (C2) See 1) for explanation of
in LOS scenario. parameters.

O2Ib o | PL = PL(dy,+d,)+2104+140- 18log,(f.) +

(C4) 05d,, - 08hys

where PL, is the path-loss function of UMa (C2) |in
NLOS scenario.
(Use LOS, if BS to wall connection is LOS, othemyis
use NLOS)

1) doy is the distance between the outdoor terminal &edpbint on the wall that is nearest to the indoor
terminal,d;, is the distance from the wall to the indoor terahjin is the angle between the outdoor path
and the normal of the wallgns the floor index (the ground floor has index 1)

2) d'sp = 4h'gsh’'ysfdc, wheref. is the centre frequency in Hz= 3.0 106° m/s is the propagation velocity
in free space, anld'gs andh’ys are the effective antenna heights at the BS amd8, respectively. The
effective antenna heightsgs andh’ys are computed as followdh'gs = hgs — 1.0 m,h’ys =hys— 1.0 m,
where hgs and hys are the actual antenna heights, and the effe@iwaronment height in urban
environments is assumed to be equal to 1.0 m.

3) The distanced; andd, have been defined in [WIN2D112].

4) The breakpoint distancegp, is computed as followslgp = 4 hgs hys fo/c, wherehgs, hys, f. andc have
the same definition as under item 2).

One more note: The applicability ranges are novemjigccording to the frequency range 2 — 6 GHz. For
lower frequencies the actual ranges can be larger.

4.1.2 Other parameters

Other parameters remain constant, when extendedréguency range of the model to 0.45 — 6.0 GHz.
See [WIN2D112].

4.2 Elevation angles for WINNER+ channel model

We will propose parameters for an initial 3D noatisinary channel model. With this update the WINNER
Il model is enhanced with a 3D extension that agsran top of the current model and is equivalerD
operation. Reference implementation will be puldgHWIM+E], but the maintenance of it cannot be
guaranteed after the WINNER+ project end.

4.2.1 Probability distributions of the elevation parametes

4.2.1.1 Generating channel impulse responses including theffect of elevation

3D GSCM channel model is generalized from a 2D rhdme generating for each ray an elevation
component. The procedure has been described imraldndWIN2D112]. In [EK-08] there is a detailed
description, how a 3D implementation is creatednfitbe existing WINNER Il implementation. Therefore
the details have not been described in this documenEK-08] there is a description about how the
azimuth and elevation angles of the rays are coewbifSee the annex.) In the sections below the
probability distributions have been described. Afteat the required parameters are described in

4.2.1.2 LS parameter distributions
LS parameters for elevation has the slowly varyamgdom values at BS and UT:

- ESD(RMS elevation spread in departure (BS))

- ESA(RMS elevation spread in arrival (UT))

- MED (Mean/median elevation in departure (BS))
- MEA (Mean/median elevation in arrival (UT))




MED andMEA have normal distributiorESDandESAare log-normally distributed.

4.2.1.3 Small-scale parameter distributions

To be able to simulate small-scale parameters, @&z o specify the distributions. For azimuth asgle
wrapped Gaussian distribution was used in [WIN20D112 [M.2135] also the Laplacian distribution is

used. Both distributions are sometimes difficultuge. In [KSL-02] there is a proposal to use double
exponential distribution in the UT. However, we pose the Laplace distribution for simplicity.

4.2.1.4 Cluster parameters
For clusters the distributions are created witkedixalues. The values are given in Table 4-4.




4.2.2 Parameter values for the elevation model
Assuming that we need to model only stationary remvnents, so that the mean elevations at BS and UT

are constant and the ESD and ESA are constantawese the variables given in Table 4-2. Now thamme

values MEA (at UT), MED (at BS) and standard dewiz ESA (at UT), ESD (at BS) are constant.

Table 4-2: Elevation parameters. BS: ESD, MED and ESD, UT: ESA, MEA and CESA.

Elevation parameters

Scenario Indoor (A1) 02! (B4) UMi (B1) UMa (C2) SMa (C1)
Condition LOS NLOS NLOS LOS NLOS LOS NLOS LOS NLOS
ESD 7.6 11.5 7.6 2.5 4 5 8 5 8
MED -1.6 -1.6 -1.2 -2 -2 2 -2 2 -2

CESD 3 3 3 3 3 3 3 3 3
ESA 8.7 12.6 10.2 4 7.5 9 18 12 10
MEA 1.6 1.6 1.2 2 2 6 10 5.5 7

CESA 3 3 3 7 7 7 7 7 7

The elevation model has been generalized to incligi@arameters for EoD and EoA spreads (ESD and
ESA, respectively) with median valuesand standard deviationsletting the temporary ESA or ESD vary
according to log-normal distribution. In additidmettemporary mean elevation is variable. It musélbe

to have also negative values so that e.g. nornsgifalition could be used. Indeed we recommend ubiag
normal distribution. However, we have no data fbe tstandard deviation. Therefore we propose a
simplification, where the expected value of thevat®n is constant as given in Table 4-3.

Table 4-3: Elevation parameters for five propagatio scenarios

i Indoor (o)i] UMi UMa SMa
Scenarios
LOS NLOS NLOS LOS NLOS LOS NLOS LOS NLOS
Eob 4 #SD) loga([*) 0.88 1.06 0.88 0.40 0.60 0.70 0.90 0.70 0.90
oD sprea [o] ©

P o s 0.31 0.21 0.34 0.2 0.2 0.2 0.2 0.2 0.2

Median EoD WED) [°] linear Mg -1.6 -1.6 -1.2 -2 -2 2 -2 2 -2
m 0.94 1.10 1.01 0.60 0.88 0.95 1.26 1.08 1.00

EoA spread ESA log:o[°])

s 0.26 0.17 0.43 0.16 0.16 0.16 0.16 0.16 0.16

Median EoA MEA) [°] linear Ma 16 1.6 12 2 2 6 10 55 7

Cluster parameters are given in the Table 4-4. INMER Il generic model the rays of the cluster will
have constant offsets from the main cluster diogcti

Table 4-4: Cluster parameters

Indoor o2l UMi UMa SMa
LOS/NLOS NLOS LOS/NLOS | LOS/NLOS LOS/NLOS
CESD 3 3 3 3 3
CESA 3 3 7 7 7




Table 4-5: Cross-correlations of elevation paramets.

Scenarios Indoor o2l UMi UMa SMa
LOS NLOS NLOS LOS NLOS LOS NLOS LOS NLOS
ESDvsSF -0.4 0 0 0 0 0 0 0 0
ESAvs SF 0 0 0 0 0 -0.8 -0.8 -0.8 -0.8
ESDvsK 0 N.A. N.A. 0.0 N.A. 0.0 N.A. 0.0 N.A.
ESAvsK 0 N.A. N.A. 0.0 N.A. 0 N.A. 0 N.A.
Cross- ESDvsDS 0.5 -0.6 -0.6 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5
Correlations | ESAvsDS 0.7 0 0 0.0 0.0 0 0 0 0
ESDvsASD 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
ESAvVsASD 0 0 0 0.5 0.5 0 -0.4 0 -0.4
ESDvsASA 0 0 0 0 0 0 0 0 0
ESAvs ASA 0.5 0.5 0.5 0 0 0.4 0 0.4 0
ESDvVsESA 04 0.5 0.5 0 0 0 0 0 0

4.2.3 Elevation summary

Elevation parameters and distributions have beemcked from literature for five scenarios: Indoor,
outdoor-to-indoor, urban micro and macro as welsalsurban macro-cell environments. Complete set of
parameters is not available for all environmentd, by combining several sources it has been p@ssibl

propose parameters for an initial elevation model.

4.3 Extension of IMT-A and related channel models

Because the IMT-A and SCM are strongly related iNMER+ model, we propose that these models are

also extended to frequency range 0.45 — 6 GHz Bndp&ration.

4.4 Channel model implementation

Channel model implementation for 3D WINNER chanmebdel will be publicly available at the
WINNER+ web page. Unfortunately it may not be upléde due to the ending WINNER+ project. E.g. the
path-losses outside the 2 — 6 GHz range are nltded in the implementation. It would also be pblesto
include the 3D feature and/or frequency extensiothé related implementations of IMT-A channel mode

and in the SCM model. This part of the effort musteft to readers.




5. MIMO OTA Testing

5.1 Background

Many expectations loaded for future cellular netwgoare based on assumption that MIMO is
used in form or other. On terminal side one of rire@n challenges is how to integrate multiple
antennas into a mobile terminal. Performance ofréla antennas may be significantly different
from the ideal ones. Therefore including the anteeffects is crucial when evaluating the
performance of a MIMO terminal.

Currently, several approaches for standardizingMhdO terminal evaluation method are under
discussion in 3GPP RAN WG4, COST 2100, and in CTlAe most promising and technically
most advanced method is the anechoic chamber b@sed the Air (OTA) method where
multipath propagation is created in a controllednmea inside the chamber with multiple
antennas and a radio channel emulator, see Figlire 5

Communication
Tester /
BS Emulator

DUT

vy
Fading

emultor TT T T

Anechoic chamber

Figure 5-1: MIMO OTA test setup

The leading idea in Over-the-Air (OTA) testing © ¢valuate end-to-end performance of the
final mobile terminal product. Tests are done imtcalled radio channel environment without
cable connections. The concept is utilizes and egwxisting channel models and channel
modeling work done in Winner+ and its predecessojepts.

This section introduces the anechoic chamber bastkdod investigated in WP5 by Elektrobit.

5.2 Requirements for the MIMO OTA test system

5.2.1 Radio channel parameters

MIMO implementations offer different operational des such as spatial diversity, beam-
forming and spatial multiplexing. The different M modes enable higher data rates and
spectral efficiency, higher signal-to-interfererreg¢io and larger cell size, depending on radio
channel conditions and antenna characteristics.
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In order to accomplish the requirement the follaywiadio channel phenomena have to be taken
into account:

Delay spread Large delay spread makes it possible to gain fireauency diversity, and
very short delay spread may reduce the system mpesfice significantly. On the other
hand the large delay spread results to inter-sysmteiference which may be a serious
problem in some systems. Without realistic modelwfgdelay spread, the mobile
terminal might not be adequately tested.

Doppler spread High Doppler spread is problematic to multi-carrsystems because it
makes the orthogonal sub-carriers to overlap aitIpartly which creates inter-carrier-
interference (ICl). Small Doppler spread, on theeothand, is problematic especially in
the case of flat fading since it leads to largerage fade duration and lost data packets.
Angle characteristics Angular dispersion reduces correlation betweeeraras. Large
angle spread enables capacity increase with spatittiplexing and antenna diversity
(e.g. space-time coding) schemes. Small angle dpmeskes it possible to use beam-
forming technology efficiently. However, the coaBbn depends not only on angle
spread but also on antenna characteristics. Thetettiese two items have to be jointly
tested.

Polarization. Cross-Polarization Ratio (XPR) affects the perfance of polarization
diversity. Again, the real impact of XPR on DUT fmemance depends on the radio
channel conditions and antenna characteristics.

Dynamic channels The instantaneous radio channel state dictasesveich of the three
MIMO modes is the most favorable. Thus in an adednMIMO system space-time
coding, spatial multiplexing, and beam-forming angplied adaptively to achieve the
desired coverage and data throughput. Dynamic @&lanodels are needed to test the
system adaptivity.

These requirements are common for all tests aitwmgalistic performance results. The analysis
here focuses on how to implement the charactesisticrectly and accurately to MIMO OTA
tests system.

5.2.2 Radio channel models

It is obvious that in MIMO testing a radio chanmebdel which reproduces realistic spatial and
polarization behavior of the desired radio propagaenvironment must be used. In MIMO
OTA the additional requirement is that the modehfat must be such that different physical
radio channel phenomena and antenna definitionsdependent and separable. In practice this
means geometrically defined models.

The family of geometry-based stochastic channel et®odGSCM) are the best suitable for
MIMO OTA testing. The GSCM models include 3GPP SC3patial Channel Model), SCME
(SCM Extended), WINNER and IMT-Advanced channel eled They inherently create the
angular and polarization behavior of propagatiothgavith appropriate correlation properties at
the DUT antennas. The correlation is defined inighivia the angle distribution of propagation
paths at the DUT antennas.

Correlation matrix based models (such as IEEE &08.have limitations for MIMO OTA
testing due to the fact that they already incldgedntenna information in the model itself. Also
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angular and polarization characteristics are catedl into the matrices in such a way that it is
impossible to reconstruct the model in an OTA chamb

5.3 Proposed MIMO OTA testing method

The developed MIMO OTA concept employs an anechbamber and a radio channel emulator
(Error! Reference source not found). In this method the BS or BS emulator is connédte
radio channel emulator. The RF outputs of the ratiannel emulator are then connected to the
OTA antennas. Inside a chamber OTA antennas aceglsymmetrically around the DUT.

In an anechoic chamber, the radiated signals &eauwsted by absorbers in walls, ceiling, and
floor. Ideal anechoic chamber does not generate malfipath propagation. Therefore, the

multipath environment can be fully controlled byngsa radio channel emulator and a number
of MIMO OTA antennas. Any arbitrary multipath erasiment can be generated around the
DUT as far as the OTA antenna geometry supports it.

With this setup it is possible to measure bit-erede, frame-error-rate, throughput, different
guality-of-service parameters, or even end-to-emdopmance while a user application such as
web browsing or video streaming is running.

5.3.1 OTA antenna constellation

In MIMO OTA testing method, multiple antennas armapéoyed around the DUT in order to
create a desired spatial radio channel charadtsristound the location of the DUT. The number
of MIMO OTA antennas and their position is optimdz® obtain adequate accuracy. In practice,
the DUT is placed in the center of the anechoiardber and the MIMO OTA antennas form a
circle around the DUT with uniform antenna spaciits setup enables emulation of the
propagation paths from any angle of arrival witR60 degrees.

Dual-polarized antennas are needed if the mobimiteal uses the polarization diversity or
spatial multiplexing with dual polarized antennger real mobile terminals the requirement for
dual-polarization is practically always the case.

The OTA antenna setup with eight single polarizetéanas is depicted in Figure 5-2a. If dual-
polarized antennas are applied, 16-antenna coattiguris needed (Figure 5-2hb).
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Figure 5-2 a) MIMO OTA antenna setup with eight unformly spaced single-polarized antenna
elements (marked as thick lines). b) MIMO OTA antema setup with eight uniformly spaced
antenna locations, dual-polarized antenna elements each location (marked as thick lines).

The OTA antennas used in evaluations were maingalily polarized dipoles and dual-polarized
patches. In trials with LETI the antennas like shawthe Figure 5-3 below were used.

Figure 5-3: OTA antenna (probe)

5.3.2 Definition of quiet zone

The term quiet zone is used to define the maximbysigal area where the DUT can be located.
Inside the quite zone, the electromagnetic fieltkriswn. Any sized and shaped DUT can be
reliably tested when it fits to the quiet zone.

Figure 5-4 shows the impact of number of antenmasspatial correlation in one and two
dimensions. The quiet zone can roughly be estimftau these figures. According to one-
dimensional correlation figure in the case of 16D OTA antennas, the quiet zone size is 1.9
wavelengths. It is shown by the theoretical (blaeg MIMO OTA correlation (red) curves
which match up to this point. In that area, the MNOMDTA testing method creates the desired
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radio channel characteristics for the DUT. Respedttj in the two dimensional correlation the
figure should show circles around the origin. Thee ©f the quiet zone is roughly the same as
the size of the largest circle.

# of One-dimensional autocorrelation Two-dimensionabeaoitrelation
antennas

4

16

Figure 5-4. Impact of number of antennas on quietane.




5.3.3 Radio channel emulator and model mapping for MIMO OTA

Essential part of the MIMO OTA testing method is thultidimensional radio channel emulator.
The radio channel emulator is a test and measurtedesice connected between the transmitter
and the receiver. The transmission passes thrdugtermulator, which creates e.g., path loss,
shadowing, multipath fading, delay spread, Doppfeead, angle spread, polarization effects as
well as the addition of noise and interference.

In the MIMO OTA testing, instead of combining si¢s#o terminal antenna ports, the emulator
provides a separate output for each MIMO OTA argensed in the setufE(ror! Reference
source not found). The desired electromagnetic field can be crbatside the anechoic
chamber by mapping the model directions to cor@EA antennas around the DUT.

The idea of the MIMO OTA mapping is that the geaticethannel models are converted to
support MIMO OTA testing. The mapping takes the MOMDTA antenna constellation into
account so that the desired propagation charattsrese created around the DUT. Additionally,
calibration information is mapped to tap coeffiteno correct the effect of cabling, RF, and
antennas of MIMO OTA test setup. The mapping isstilated in Figure 5-5.

—>

Radio Channel Emulator
Anechoic chamber

Figure 5-5. Mapping of GSCM into an anechoic chambe

The directional information of the channel modelimked to the MIMO OTA antennas in the
chamber by allocating the paths to those antenméshvare geometrically in suitable locations.
The output power levels of radio channel emulatos weighted such that the different
propagation paths being routed to the selected @ft&nnas create the desired channel effects,
especially the power angular spectrum. The compasgnal at the terminal antennas will be
formed so that power delay profile, fast fading apdtial effects match as closely as possible to
the original geometrical channel model charactiesst

If the angle of arrival (AoA) is between the phwidMIMO OTA antennas, the mapping
software optimizes the antenna weights to intetpdiae AoA to the desired value. This makes it
possible to emulate any AoA for the DUT. Angle efpdrture (AoD) on BS side is emulated by
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the radio channel emulator like in conductive tefslarization information is mapped to
parallel radio channels to create the desired palaon characteristics in the anechoic chamber.

The fading, including Doppler and BS antenna catreh as well as channel power delay
profile, is included in the channel coefficientowkver, the DUT antenna correlation and other
DUT antenna effects need not to be modeled by &ldéenfy emulator since the real radiated
transmission in the anechoic chamber employs theabDUT RF and antenna characteristics.

5.4 Proof-of-Concept

Since ready made radio channel models are usedcdheept evaluation focuses on how
accurately models can be reproduced in the OTA bleam

The key characteristics in a MIMO radio channel abhneed to be accurately reproduced are
fading phenomena, delay spread, Doppler spreagapsation directions, polarization and spatial
correlation. All of these are verified in the follong either by simulations or measurements.
Simulated and measured performance curves of diffggarameters are presented in Figure 5-6.

5.4.1 Amplitude PDF

The amplitude distributions probability distributiéunction (PDF) is shown in Figure 5-6a. The
curve labeled as “OTA” means either simulated oasueed result for MIMO OTA case. In the
simulation we analyzed a signal received by a sil@UT antenna in the MIMO OTA method
and compare that to output signal from the origomiductive model.

Amplitude PDF and CDF (cumulative distribution ftioo) are compared to the theoretical
Rayleigh distribution which results from the isqiio scattering in the azimuth plane. Original
fading coefficients are generated by filtering céempGaussian noise. Thus the amplitude
distribution should follow perfectly Rayleigh digtution. The excellent match can indeed be
seen from the figure.

5.4.2 Power Delay Profile - PDP

The ability of reproducing the model power delayfie in MIMO OTA was verified by
comparing the measured impulse response to theeted one (Figure 5-6b). SCME TDL
model was used as a reference model. A good maginst the original model PDP was found
in measurements.

5.4.3 Doppler spectra

Figure 5-6¢ depicts the theoretical Doppler speatrd the Doppler spectra simulated with the
MIMO OTA method. It presents the “Bell” shaped gpem, which is the basic shape in TGn. In

the simulation only one multipath component (clgsteas investigated. The simulated and

specified spectra coincide well. TGn model was used reference model because, unlike SCM
model, it has definition for the shape of the Deppectra where the results were compared
with.




5.4.4 Power Azimuth Spectra - PAS

Figure 5-6d shows the PAS in the case when theetksoA is between the antenna elements.
The MIMO OTA antennas are located in 20° spacind dasired AoA is 10°, thus exactly
between two adjacent antennas. The PAS was measym@adnulti-dimensional channel sounder
(EB Propsound CS).

5.4.5 Spatial correlation

The spatial correlation function is depicted inufgy 5-6e(and also in Figure 5-4). The number
of antennas in Figure 5-4 varies between 4 andhildraFigure 5-6e there are 16 OTA antennas
with 22.5 spacing. OTA and conductive simulations match wath the theoretical curve. We
can also observe that with a higher number and rderese spacing of OTA antennas we can
obtain accurate spatial correlation for a largefrTDU

5.4.6 Polarizations

Power delay profile of a SCME TDL model was meadungth three different DUT antenna
orientations (vertical, horizontal, and horizomatiated by 90 degrees). Linearly polarized dipole
antenna was used in these measurements. Figuresbefis the measured PDP from three
different polarizations. We can see that the patligy strongly depends on the polarization.
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Figure 5-6: Evaluation results from MIMO OTA test system




5.5 Conclusions about MIMO OTA testing

This section discussed the new attractive testirghod for MIMO mobile terminals. The
MIMO OTA mobile terminal testing enables testingtafe antenna effects and all other critical
parts of MIMO mobile terminal design in repeatalaleoratory conditions.

The MIMO OTA test system evaluations shows thatrafportant radio channel characteristics
(e.g. fading, Doppler, AoA, spatial correlation)gr@zation) can be reproduced in OTA chamber
with good accuracy. Additional verification resuttsn be found in [KNJ-10].

For the channel modeling point of view the MIMO OT#ésting is an application where the
results from radio channel measurement campaigradysis and modeling work can be utilized.
The benefit of MIMO OTA method is that the curreggometry based channel models can be
used almost as such with a specific mapping to @fhfenna configuration. There is no need to
invent the wheel again, but to continue currentkMor make the existing models better. Like
improving frequency or bandwidth coverage and mgvirom 2D to 3D models by adding
elevation.

Until now, the end-to-end performance of mobilenteals had to be evaluated with test
methods omitting significant RF and antenna test$ thus causing significant uncertainty. As

the performance demand of end-users increases agswd increased application usage, mobile
terminals have to be designed to meet the quafitgeovice demands. The growing interest
towards MIMO OTA testing and active standardizatefforts around the topic mark a turning

point for traditional mobile terminal testing. Asetcomplexity of the mobile terminals increases,
a request for easy-to-use and standardized MIMO @BAng method is obvious.

The commercial benefits of cable-free MIMO OTA tegtfor mobile terminal manufacturers,
wireless operators, certified test houses and aatemanufacturers can be measured in terms of
increased final product quality, shorter developmand testing time, and savings in quality
related costs. More information can be found atQHBR\].




6. Dissemination of the results

6.1 Regulation and standardization

Some of the results dealing with the IMT-Advancedleation process have been contributed also te ITU
R WP5D and 3GPP RAN4. These include the ChanneleMdhannel Model reference implementation
and some updates and instructions of these. We pabssent someguidelines for the use of the IMT-
Advanced channel model. These guidelines have beetributed to ITU-R WP 5D and WINNER+
Evaluation Group Web page and delivered to differandardizing bodies and the ITU-R WP5D to
clarify some ambiguities in the IMT-Advanced chanmeodel [ITUR-08] and the implementation
[IMTARI-08]. OTA testing methodology has been alsantributed, mainly in 3GPP RANA4. Participation
in standardizing has also been covered by thisrdeot

6.1.1 IMT-Advanced process

WINNER+ channel modelling work for IMT-Advanced taged during WINNER I, concentrated in the
proposed GSCM channel model. The original propfkah 2007) was fully compliant with the WINNER

Il channel models. Later the model had to be medifo meet the requirements of other ITU-R members
active in channel modelling. The models were appdoin 2008 such that the basic approach (Primary
Module) was the original GSCM one, practically itleal to the principle of WINNER model. Some
parameters had been modified, as well as somelpsghmodels.

During the course of the modelling process WINNE®R®posed a public reference implementation in
Matlab(TM) [IMTARI] for the IMT-Advanced channel ndel that was published. Later another
implementation, based on [IMTARI] but implementad €, was contributed [IMTAC] and published.
When the simulations started with an calibratiomiqug it turned out that there were some sources of
misinterpretation and inconsistencies both in tiet {M.2135] and in the implementations [IMTARI,
IMTAC]. This was the reason that both WINNER+ (oehblf of Finland) and China, Japan and Korea
created contributions for guidelines [5D/469-E]D[877-E] and corrections for the use of the [M.2135
and the reference implementations [5D/478-E], [SBME]. It should be noted that often the source for
misinterpretations has been the geometry-depertidimitions that were specified on top of the erigt
channel model, e.g. the penetration losses frondoaus to indoors or cars. For convenience, the
WINNER+ originated contributions have been publéioea WINNER+ Evaluation Group web pages, see
[5D/469-E], [5D/478-E].

One fact that became clear as regards the charot!implementation is that all the partners paéting

the calibrations and later simulations had thein@hannel model implementation. For many partriees t
starting point was the reference implementatiotheei[IMTARI] or [IMTAC]. Some partners had created
their own implementations from their own earlier dats, some possibly from scratch. The correct
operation is proved by calibrations. If the resutiigtch for each calibration item, the implementatimrks
correctly with high probability.

WINNER+ kept an advisory role in the channel modalibrations, when questions were arisen. In
practice, however, the driving force to correct amghrove the channel model implementations was the
calibration results available for all WINNER+ pagta.

WINNER+ has published calibration results [WIN+E13) [WIN+Eval-2].

6.1.2 Standardization

A new Study Item (Measurement of radiated performeafor MIMO and multi-antenna reception for
HSPA and LTE terminals) was established in MarcO2{BGPP09-1]. During the 3GPP TSG-RAN4
meeting #50-BIS in Seoul, a skeleton report for MINDTA study item [3GPP09-2] was agreed. The
skeleton covers Introduction, Performance metrigiethodologies based on anechoic RF chamber,
Methodologies based on reverberation chamber, awbriRmendations. Several candidate methodologies
have been approved to be included in 3GPP TR 37.976

WINNER+ results were contributed to this study iteBeveral Text Proposals were approved to be
included in the TR. These contributions focus mposti the methodologies based on anechoic chamber, a
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number of probe antennas, and a controllable roblinnel fading emulator. WINNER+ partners have
contributed measurement results, channel modetbnigal requirements, comparison tables, etc. ¢o th
3GPP RAN4 MIMO OTA study item.

During the 3GPP RAN4 meeting in Montreal in May @0fhe study item was decided to be kept on hold
and to review the situation in September 2010. fitzén reason is the lack of available measurement
results. During the break in standardizations, camgs can focus on measurements. During the same
meeting in May 2010, MIMO OTA channel models weppraved [3GPP09-3]. The models are mostly
based on SCME and WINNER II. Figure of Merits (FQMaperators’ requirements, and a MIMO OTA
comparison table were approved as well. The compariable covers three fundamentally different
approaches, namely reverberation chamber baseddwtigies, anechoic chamber based methodologies,
and 2-stage methods. These methods are shortbgirged in sectioirror! Reference source not found.

of this deliverable.

During the 15 months period, WINNER+ partners predaand presented more than 30 contributions to
3GPP RAN4 standardization. Additionally WINNER+ fears joined CTIA standardization meetings as
well as COST2100 MIMO OTA discussion, which can dmsidered as pre-standardization of MIMO

OTA. WINNER+ partners prepared about 10 contrimgiabout MIMO OTA testing to COST2100.

In addition to MIMO OTA, WINNER+ partners contritad to channel models to 3GPP LTE-Advanced
and IEEE 802.16m.

6.2 Demonstrations

One main goal of WP5 work was the demonstratiotthef results of WINNER+ in selected events. In
Celtic Event April 12-16 2010, Valencia, Spain.two of the demonstration cases, real-time MIMO and
non real-time MU-MIMO cases wireless connectioth® DUT was created by MIMO OTA techniques as
explained in sectioirror! Reference source not found. The demonstration cases are described in more
detail in [WIN+D52]. RACE NRT and RT demos as wa#l the CLM demonstration were presented at a
booth during a period of one week. MIMO OTA as wadl other constituents of the demonstrations were
functioning successfully without any errors.

6.3 Technical papers

Technical papers about channel modeling and MIMQAGi&ve been presented in technical meetings such
as COST2100 as well as scientific conferences.papers from WINNER+ are listed in the table below.

Table 6-1. Conference papers from WP5.




Authors & Title

E. Suikkanen, A. Toélli and M. Latva-Aho, "Charadzation of Propagation in an Outdoor-to-Indoor Smémat 780 MHz", submitted t
PIMRC 2010, Istanbul, September 2010.

Essi Suikkanen et al., “Wideband Radio Channel Mesaments around 800 MHz in Outdoor to Indoor antddrMacro Scenarios']
Future Network and Mobile Summit 2010, Florenca&eJ2010.

Pekka Kyostet al., “Channel modelling for radiated testing of
MIMO capable terminals”. ICT-Summit 2009, Santandene 2009.

P. Kydsti, J-P Nuutinen, T. Jamsa, " MIMO OTA teshcept with experimental and simulated verifiaaition Proceedings of the 4th
European Conference on Antennas and PropagatiddAE2010), 12-16 April 2010, Barcelona, Spain.

C. Schneider et al., “Clustering of MIMO channetgraeters — performance comparison”, IEEE 69th \MéhaicTechnology Conference:
VTC2009-Spring, Barcelona, Spain, April 26—29, 2009
Aihua Hong and Reiner S. Thom&d&xperimental study on the impact of the base stdt&ight on the Channel parameters”, Internatiopal
ITG Workshop on Smart Antennas (WSA 2009), BefBeymany, February 16-18, 2009.
C. Schneider et al., “Multi-User MIMO Channel Refiece Data for Channel Modelling and System Evalnafiom Measurements’),
International ITG Workshop on Smart Antennas (WSR2, Berlin, Germany, February 16-18, 2009.

Lassi Hentila et al., "Measurement based paranesteaction for WINNER radio channel model". Prodeed of the 2008 URSI General
Assembly. Chicago, lllinois, USA. August 2008.

Juha Meinila et al., "Propagation modeling for eration of 4G systems". Proceedings of the 2008 UB&ieral Assembly. Chicag
lllinois, USA. August 2008.

Lassi Hentila et al., "New Challenges of 400 — 108z Radio Channel Modelling", Proceedings of tii¢hlinternational Symposium on
Wireless Personal Multimedia Communications (WPMO&), Saariselkd, Finland, September 2008.

P. Ky6sti, J-P Nuutinen, P. Heino, “Reconstructiord measurement of Spatial Channel Model for OTR"(T9) 860, COST2100 action),
Valencia, Spain, 8th MCM, 2009.

P. Kybsti, J. Kolu, J-P Nuutinen, M. Falck “OTA Teg for Multiantenna Terminals”, TD(08) 670, COTI00, Lille, France, Octobefr
2008.

P. Kyosti, J-P Nuutinen, T. Jamsé&, D. Reed, R. &ors'Requirements for Channel Models for OTA Mualtitenna Terminal Testing’},
COST 2100 TD(09)859, Valencia, Spain, May 2009.

J-P Nuutinen, P. Kydsti, A. Byman, “Effect of chahmodel simplification on throughput in MIMO OTATD(09) 971, COST 2100
Vienna, Austria, September 2009.

Jukka-Pekka Nuutinen et. al., “Experimental Invgegions of OTA System”, TD(09) 753, Braunscweigr@any, February 2009

Pekka Kyosti et. al., “Proposal for standardizest frocedure for OTA testing of multi-antenna terats”, TD(09) 766, Braunscweiq,
Germany, February 2009.

A. Scannavini, L. Durand, M. Abou EI Anouar, F. Bffo Talom, J.-P. Nuutinen, P. Heino, “Practical ConsiderationsMIMO OTA
testing”, TD(09)854 Valencia, Spain, May 2009.

Jani Kallankari, Sami Laukkanen, Miia Nurkkala NButinen, Alessandro Scannavini, “Test Plan forAOThroughput Comparisor
Measurements in a Fading Channel Environment”, 0BJH64, Wien, Austria, September 2009.

Jukka-Pekka Nuutinen, Pekka Kyosti, Juhamatti Malfichael D. Foegelle, “Experimental Investigatioos MIMO Performance of|
IEEE802.11n device in MIMO OTA test system”, TDJ9%2, Vienna, Austria, September 2009.

Tommi Laitinen, Pekka Kyosti, Jukka-Pekka Nuutin®ertti Vainikainen, “On the number of OTA anterglaments for plane-wave
synthesis in a MIMO OTA test system involving cilanuantenna array”, TD(09)976/\Vien, Austria, September 2009.

Pekka Kyosti, Jukka-Pekka Nuutinen, Aaron Bymarerification of MIMO OTA set-up via simulations anteasurements”, TD(09)990,
Vienna, Austria, September 2009.

Tommi Laitinen, Pekka Kydsti, Tommi Jamsa, Pertinikainen, “Generation of a power angular spectafim single cluster in a MIMO!
OTA test system based on multiple OTA antenna$)(10)11054, Aalborg Denmark, June 2010.

Aaron Byman, Lionel Rudant, Jukka-Pekka Nuutinesmmi Jamsa and Juha Meinila, “MIMO OTA System Penfance Measurement
of a Compact MIMO Antenna”, TD(10)11055, Aalborgimnark, June 2010.

Pekka Kyosti, Jukka-Pekka Nuutinen, Tommi Jamsdmtfated correlation accuracy of MIMO OTA spatiadding emulator”,
TD(10)11061, Aalborg Denmark, June 2010.

Tommi Jamsé, Pekka Kydsti, Lassi Hentila, JukkakBekuutinen, “Polarization Control of Anechoic CHaen based MIMO OTA Tes
Methods”, TD(10)11089, Aalborg Denmark, June 2010.

7. Conclusions

In the previous sections the channel modellingvaies of WINNER+ WP5 were presented together it
OTA and standardizing activities. It turned outttP5 has created and updated the IMT-Advancedrehan
models in cooperation with other partners using WHR Il work as a basis. This model needs maintemanc
work like the guidelines for the application of thdT-Advanced models presented in [5D/469-E]. IMT-
Advanced channel model implementation has also lmeeated in WINNER+ by WP5. WP5 has also
conducted five measurement campaigns to investipatevide-band properties of frequencies near 52D a
800 MHz as well as at 2.53 and 3.55 GHz. The reddive been presented in section 2 of this document
Channel model extension is presented in sectioasgd on these measurements and work dealing with 3D
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modelling. In section 4 we present the procedurgedoerate 3D channel models. We also present a 3D
Matlab implementation. Also IMT-A channel modebats implementation is discussed in this section.

Section 5 introduces the MIMO OTA testing concepd #he results obtained with it. This method ofites
devices using wireless connections will most priypak a key method in measuring MIMO devices.

One important field of working in the WP5 is thessikmination, especially standardization. Ten textni
articles have been listed as well as the demoimiraaises participated. However the standardizitigites
have been the most important part of disseminatativities. WP5 has participated in numerous mestiof
the standardization bodies (see section 6), maiakjng care of channel modelling activities and the
definition of the MIMO OTA testing methodology.
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1. Introduction

WINNER (Wireless World Initiative New Radio) consiam has developed a radio channel model for local,
metropolitan, and wide area wireless communicasigstems. The current model was refined in WINNER 11
project and is referred to as WINNER Il channel gldd]. The model is based on the superpositioragé

or plane waves traced in a simplified geometricallel of stochastic snapshots of a channel. A MATLAB
implementation of WINNER Il channel model documehite [2] can be found in [3].

Originally, WINNER Il channel model implementatievas purely a 2D model, that is, the travel of waves
was modeled only in the horizontal plane, althotigh inclusion of the vertical coordinate componisnt
however, briefly considered in a few occasionslih Thereafter, the current model was updated wi8D
representation of antenna arrays to facilitate n@ve to 3D channel modeling with also the vertical
coordinate component [4]. However, the actual cbarbetween the transmitting and receiving arrays
remained 2D. Moreover, the 3D antenna array extensias lacking a support for other than an isotropi
antenna elevation pattern.

In this document, the basics of the extension @2 WINNER Il channel model implementation to soipp
3D modeling is presented in Chapter 2. Moreovercomplement to the existing 3D antenna array
representation that supports also anisotropic aatefevation patterns is introduced in Chaptert&ne the
effect of the new functionalities and a few othpdates to the current implementation are also dissl
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2. 3D-extended channel model

The direction of departure and arrival of multipaimponents or rays in the 2D WINNER Il channel glod
is determined solely by the azimuth angle. In ordeextend the model to 3D, the departure and alrriv
directions are supplemented with an elevation arijie generation of elevation angles is describetidre
detail in Section 2.1. The effect of elevation a&sgbn the computation of channel coefficients ésented in
Section 2.2.

2.1 Generation of Elevation Angles

The current 3D antenna array model uses zenitlolar pngles to define directions in the verticar@. That
is, the angles are defined with respect to thetpesiz-axis. This conforms to the standard sphérica
coordinate system. In this 3D-extension to the okamodel, however, the angles in the vertical plare
defined as elevation angles, that is, with respethe horizontal plane. This definition was choseworder
to conform to the literature on channel modelingtémrestrial wireless communications and in order t

provide more intuitive values for the angles. Copmtly, the elevation angleﬁge are converted to zenith

anglesqZ = ,0/2 " G when the 3D antenna array model is called fomtiitenna response.

The elevation angles of departure and arrival tivas range from -30below the horizontal plane to 90
above the horizontal plane. The stochastic elenagiogles are generated by using the same procedure
with azimuth angles, as was already proposed ip78té [p.40, 1].

The elevation related large scale parameters aiddbrrelations are generated in the same wakasetfor
the azimuth related large scale parameters in [$&8cl, 1]. In addition to the cross-correlationgeg in
[Tables 4-5, 4-6, 1], cross-correlation terms f@CEvs. ASD, ESD vs. ASA, ESA vs. ASD, ESA vs. ASA,
ESD vs. K, and ESA vs. K were defined for completen

The elevation related parameters for the aboveephaes are so far given only for a very limited gkt
propagation scenarios in [Table 4-6, 1]. Therefthese parameters are still to be defined for ¢is¢ of the
propagation scenarios. Moreover, the cross-coroelgtgiven for the elevation related large-scalapeeters
of scenario A1/LOS results in a correlation mathiat is not positive definite. This results in tladure of

the Cholesky factorization that is used to facetize correlation matrix.

While in the 2D model the departure azimuths warelomly coupled with arrival azimuths, in the 3Ddab
the random pairing couples first the departure a#is with departure elevations and the arrival ati®
with arrival elevations, and then the departureaions with arrival directions.

Similarly to the fixed departure and arrival aziimiof the CDL (clustered delay line) models in ¢xésting
2D model, the 3D model provides the possibilityse corresponding fixed departure and arrival ¢lews.
However, these fixed elevations are still to beapaeterized in CDL parameter tables in [1].

2.2 Elevation Angles in Channel Computations

The inclusion of elevation angles adds up an amfthfi term to the calculation of the Doppler frequenf
the multipath components, as was already pointediro(i(4.21), 1]. The Doppler frequency of the nth
multipath component can be expressed as

. 2 Mleod/ .- /,)cosq, cosg, +sing, sing,]
n = /0

V| . . ( . .
where| | is the absolute of the velocity vector of a mobﬁe’, and P are, respectively, the azimuth and
elevation angles of the velocity vectc{r,n and @ are, respectively, the azimuth and elevation & th

departure/arrival direction of the nth multipathmguonent at the mobile, anél0 is the carrier wavelength.
For simplicity, the motion of mobile units is asseonto be horizontal only for the time being. Thére
above equation reduced to
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U = |\7|[COS(/ n - jv)COSqn]
n /o :

If desired, the vertical motion and its effect he tDoppler frequency can be easily included inftliare
versions of the channel model.

The effect of the elevation angles to the phaderdifices of the waves at separate antenna eleheshtseen
already taken into account in the existing 3D amdearray model. However, there are a number ofrothe
changes made to the implementations of both tratiegi3D antenna array model and the 2D channekmod

that are discussed in the next chapter.
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3. other Changes to the implementation

Besides the generation of elevation angles andeaefént of the Doppler shifts of the multipath comgats
presented in the previous chapter, several moréeimmgntation related changes that were made in doder
extend the WINNER Il channel model to 3D are disewkin this chapter.

3.1 Antenna field pattern interpolation

An antenna field pattern in the current 3D anteamay model is represented by its effective apertiansity
function (EADF), which is a 2D Fourier transform tbile field pattern, in order to reduce memory sjera
requirements and to provide computationally effitimterpolation for arbitrary departure and arrigagles.
The provided MATLAB p-codes for the interpolatidmpwever, supports only isotropic elevation patterns
EADF based interpolation functions with a suppat &nisotropic elevation patterns is expected to be
available in the future. Therefore, as a shortaltit®on for the time being the antenna array mosas
modified to have a possibility to use directly thetenna field patterns instead of their EADF in filedd
pattern interpolation.

The input argument field pattern (FP) to Antennaérfunction has some new options. Originally, FB &
dimensional array with dimensions [number of antgeefements or one if all have the same pattern, two
polarizations, number of elevation values, numbeazamuth values]. Now, if the third dimensionlisonly
azimuth pattern is considered and elevation paitassumed to be isotropic. If the third dimens®r,
separate, rotationally symmetric elevation and atfimpatterns are assumed to be given in FP(;, :, 1,
1:Nr_Of_Elevation_Samples) and FP(;, : 2, 21:NrA&fmuth_Samples), respectively. Then,
FP(:,:;,1,Nr_Of_Elevation_Samples + 1l:end) must dtet@ NaN if the sampling points are not given as a
input argument. If the third dimension is greatenrt 2, joint azimuth and elevation patterns aresiciemed.

The automated rotation from element coordinate esys{ECS) to array coordinate system (ACS) by
ArrayPreprocess function in AntennaArray is exchlideecause it was supported only for EADF based
azimuth field pattern interpolation. When separettionally symmetric azimuth and elevation patseare
used in ECS, their symmetry would not hold in gehetfter the rotation to ACS. Consequently, more
complex joint azimuth and elevation field pattemegjuesting for 2-D interpolation would follow. Fiel
patterns can still be given also in ECS, but tsefst performance is obtained when they are in ACS.

Height definition of arrays

The z-coordinate of the array’s position, whichdiefined within Pos argument of the 3D antenna array
model's Array structure, was used in the current@@nnel model as the height of the array above the
ground level, which was then used in the calcufatib the mean path loss. In the new 3D channel mode
there is a new Height argument in the Array stmectihat is used to define the arrays height abbee t
ground level for the mean path loss calculatiorse Z-coordinate within Pos argument is then sdiedy
array’s vertical placement that is not connectettistéleight. These two arguments can and must lageckif

the future versions of the channel model include tfodeling of the ground level variations withire th
propagation environment. Moreover, if the Pos argiois are not given by the user but they are rangoml
generated, the model does not currently generatecamelation between the z-coordinates of horiathyt
close-by stations, which is not that realistic.

While the vertical positions of the station’s asayre used in the calculation of the elevationes)ghey are
not accounted for in the calculation of the disemnbetween the stations. This is because the desaare
used only for the mean path loss calculations dlsahot account for the elevation angles and alsaure

small increases in the distances due to the diftr® in arrays’ vertical positions are assumedaweeh
insignificant effect to the path losses. When thisre large difference in arrays vertical positicared,

therefore, a larger distance between them than ishatttained by considering only the horizontatatise,

there is also likely to be less obstructed linknzsn them and, therefore, a smaller path lossithamerage
with the given horizontal distance.
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Unification of coordinate systems

As was pointed out in Section 2.1, the definitidntlee vertical component of the arrival and departu
directions in the new 3D channel model conflictshvthat of the current 3D antenna array model. @ifie
former uses elevation angles, the latter usestzenipolar angles. Besides this new inconsistettieye was
some confusion between the coordinate systemseo€uhrent 2D channel model and its 3D antenna array
model that were clarified.

Firstly, the current 2D model defines the azimutiglas clockwise, which means that in a standardt+ig
handed xy-coordinate system the azimuth anglegdlefieed from the x-axis towards the negative y-axis
This differs from the standard orientation of ahtipanded xyz-coordinate system that is used in3e
antenna array model, where the azimuth anglesedieed counterclockwise, that is, from the x-axigards
the positive y-axis. This difference between thierdations is then compensated by preceding thaidhi
angles with a minus sign when the antenna arrayefrisctalled from the channel model. Since positine
negative azimuth angles are equally likely wherythiee randomly generated for the multipath comptsjen
the above mentioned conversion of the angles fltem2D channel model to the 3D antenna array madel i
unnecessary. Therefore, it was removed from the 3@whannel model. The only effect of this remagal
with the current CDL models, where the fixed azimahgles need a leading minus sign if exactly #mes
azimuths (and not their opposite values) are wafited the new 3D model as what were used in thesotir
2D model.

Secondly, the default placement of uniform lineaay (ULA) elements is along the y-axis in the emtr2D
model, whereas in the 3D antenna array model thenaaits are placed along the x-axis by default.
Supposedly, the 9Gncrement to the azimuth angles, which takes plelcen AntennaResponse function is
called from the current 2D channel model in wimdtion, was an attempt to compensate this difference
This compensation conserves the orientation ofathmuth angles with respect to the array broaddide,
changes the azimuths to be defined with respeittetgositive y-axis. In order to correct this ie thew 3D
model, the default ULA element positioning in tHe &ntenna array model is simply moved from the is-ax
to the y-axis and the 90ncrement to the azimuth angles is removed from ahll of AntennaResponse
function in wim function. Now the x-axis and the@@zimuth angle point to the broadside of the Udray

by default with zero rotation.

Summary of file and parameter changes

The following files have been modified:

AntennaArray
- elevation field patterns included
- elevation patterns are not supported by EADF dh&sections yet
- enables direct interpolation from field pattemmstead of their EADFs
- field FP to define field patterns in ACS for all elements
- field CommonFRo define the same pattern in ECS for all elements
- field Element.FRo define element-wise patterns in ECS
- field Heightto define the array height above ground levelgdabed in path loss calculations
- placement of ULA elements changed from x-axig-txis
- argumenfP modified to enable separate rotationally symmetdiévation and azimuth patterns
- automatic rotation from ECS to ACS disabled bseawtational symmetry is lost
- argumentElevation’added for defining the elevation sampling gridhef patterns

AntennaResponse
- enables direct interpolation from field patteimstead of their EADFs

generate_bulk_par
- departure and arrival elevation angles generated
- structurebulk_parametersaddedeodsandeoasfields for departure and arrival elevations
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layout2link
- LOS elevation angles calculated for the stations
- structurdinkpar addedeaBsandEaMsfields for LOS elevation angles for base and neobiations

layoutparset
- Array’'s Heightargument can be set to separate defaults fordvabenobile if not given by the user
- randomization of array$?0s Rot andVelocityarguments if they are not given by the user
- x and y ofPosuniformly distributed within [OrmaX as before
- z of Posuniformly distributed within separate rang&in, ZMax for base and mobile stations
- z of Rotuniformly distributed within [p, p] for mobile stations
- magnitude o¥elocityuniformly distributed within [0, 10] for mobile ations
- direction ofVelocityuniformly distributed within [p, p] in horizontal plane for mobile stations

LScorrelation
- generation of correlated elevation spreads atiéfparture and arrival included
- structureiterpar complemented with elevation related fields:
- ES_D_lambda
-ES_A_lambda
-ES D mu
-ES A mu
- ES_D_sigma
- ES_A_sigma
-esD_ds
- esA _ds
- esA_sf
- esD_sf
-esD_esA
-esD_asD
-esD_asA
-esA_asD
- esA_asA
- esD_kf
- esA kf

offset_matrix_generation
- complemented witbffset_matrix_Eolandoffset_matrix_EoAyjeneration

ScenParTables
- complemented with elevation related parametersrgin [Table 4-6, 1]
- for tabulated scenarios the structfixpar complemented with the fields listed aboveiferpar

StationDirectionXY
- replaced bystationDirection

StationVelocityXY
- compensation of the coordinate system differafdbe old channel and array models is removed

struct_generation
- bulk_parametersddedeodsandeoasfields for departure and arrival elevations
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wim
- elevation angles added to the calls for antereid pattern interpolation
- compensation of the coordinate system differafdbe old channel and array models is removed

wim_core
- elevation angles accounted for in the calculatibboppler frequencies

wimparset
- FixedAnglesUsegarameter is documented to hold also for elevatimgles (not given yet)

The following files have been added:

InitinterpFP
- initializes direct interpolation from field pattes instead of their EADFs

InterpFP
- interpolation from field patterns instead of thEADFs

StationDirection
- updated fronStationDirectionXYo give also elevation angles in addition to azimangles
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