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Abstract—Extensive analysis of channel measurement data for (AGC) for each MIMO channel within one snhapshot, these
the investigation of new channel models plays a fundamental AGC values, which are quantized in steps3afB can be used
role in designing and evaluating wireless communication systems. to group the MIMO channels corresponding to the same value.
Besides the knowledge of the parameters and their distribution ; S . .
functions, the cross correlation between them is of great interes This entails md'v'dua_l no_'se Cuthg levels for each graum
and can be exploited for more realistic channel simulations. hence, channel contributions with only low power can be held
In this contribution the cross correlation characteristics of the Then the LSPs are calculated separately for each group. It is
large scale parameters (LSP) in the power and delay domain jnvestigated if this is necessary or if it is sufficient todake
are investigated. Different parameter estimation procedures &  ¢nyentional way for the estimation procedure as it is used i
applied taking the spatial filtering due to directional antennas WINNER [2]. Furthermore the dependency of various distance

into account or neglecting it. Various distance ranges between . .
base station (BS) and mobile station (MS) as well as different ranges between MS and BS as well as different antenna heights

antenna heights are considered. on the correlation coefficients is analyzed following [6].
Index Terms—Channel Sounding, Channel Modeling, Param-
eter Estimation II. MIMO CHANNEL MEASUREMENT CAMPAIGN
. INTRODUCTION Our MIMO channel measurement campaign focuses on

geathering realistic channel data in an urban macrocell en-

The modeling of the mobile radio channel is indispensab : )
for the development of new wireless communication systen}%ﬁonmem in the 3GPP Long Term Evolution (LTE) band.

Recent channel models like COST [1] and WINNER [2 ; CZ;RAn:I Sq;ntc::ngRgsieflfarlnl]:Z(:Jm?GHzl n adbang
belong to the geometry based stochastic channel modelsiw |>|< hi hZW' | t'e th i ¢ a?net_souncgre‘[d:].
describe the channel by small and large scale paramet peaiiow high resolution path parameter estimations,

(LSP). It is not only necessary to analyze the values and

the distribution of these parameters but it is also esdentia GENERAL PROPERTIES
to take their de-correlation distance and the cross cdiwala | _Scenario ____Urban macrocel
. . . R Location City center, limenau, Germany
coefficients into account. Especially the last named pt9p8r [Measurement setup 3 BSs, 1 relay station,
important for analyzing the joint behavior of the paramgter _ 22 tracks, MIMO
. In*ersne distances BS 1-2:680m, BS 2-3:580m,
General results for this aspect can already be found amongs BS 3-1:640m
others in [2], [3] or [4]. However it is important to analyzg CHANNEL SOUNDER PROPERTIES
on which conditions these statistics are dependent on, e.g¥* __ R RUSK TU"ZQ‘a’éme"a" GmbH
the antenna setup and the associated parameter estimatiefier frequency’. 2.53GHz
procedure, the propagation condition or the distance tetwe Bandwidth _ 2x45 MHz
he b tati BS d th bil tati MS I _Time sample spacin@’s 13.1ms
the base sta IOI’.] (BS) an ’ e m(_) I(-E station (MS) as. Well @Brequency sample spacing. 156.25 kHz
the antenna height. In this contribution the cross corimlat | MIMO sublinks 928 (N1x = 16, Nrx = 58)
foti H : AGC switching In MIMO sublinks
characteristics of the LSPs in the power and delay domaifsgianng Odometer and GPS
which includes delay spread (DS), shadow fading (SF), naf= ANTENNA PROPERTIES
rowband K-factor as well as the horizontal (h) and vertieal ( TX array RX array
o . . . - Type PULPAS SPUCPA 2x12
cross polarization ratio (XPR) are investigated with relgiar + MIMO-cube
different parameter estimation procedures, to variousdg® [ Height 25m, 15m .9m
: : Beamwidth, azimuth (3dB) 100° 360°
ranges as well as to different ba§e station antenna heDbes. dth-elevation (348 510 o°
to the fact that a circular array with directional antenrzest¢h [ it 5° down 0
elements) was used at the MS and that the channel soundéimal velocity [vy.a. | A 0_ __~ 10km/h
. L . . . Polarization vertical (v), horizontal (h) | vertical (v), horizontal (h)
provides the possibility to switch the automatic gain cohtr ABLE |
This work has been supported by the UMIC Research Center, RWTH MEASUREMENT SETUP

Aachen University.



antenna arrays are used at the transmitter (Tx) and thezeecemeasured data. This results in individual noise cuttinglev
(Rx). On the Tx side (base station) a uniform linear arrdpr each group and holds all the dynamic of the channel.
is used with8 dualpolarized (h/v) elements, each of whiciThen the parameters are calculated separately for eaclp grou
consists of a stack ol patches in order to form a narrowwith the same AGC value (denoted by GB. The second
transmit beam in elevation. At the mobile station (passengepproach which calculates the parameters over all chaahels
car) a circular array with2 rings of 12 patches with h/v once (denoted by GR) neglects this additional information.
polarizations is used. Additionally, a MIMO cube with Furthermore, two different ways of estimating the CL for the
elements is placed on top. For each of the tracks and fwise reduction from the data is introduced. On the one hand a
each measured snapshot, geo-data information based on GR&imal CL (denoted by Ghay) is considered for each AGC
odometer and separated distance measurements via lasarasip or for all channels, respectively, and on the othedtaan
available. Additionally we used automatic gain control @) threshold for each individual channel is estimated, whsctihée

for each antenna patch within one MIMO snapshot. In total tleame for the grouping or the non-grouping method (denoted by
measurement campaign covérbase station positions with aCL;,g). An additional aspect is the influence o2@dB quality
height of 25m and15m. The intersite distance between thehreshold (QT) on the cross correlation values (denoted by
base stations is found to be for BS1-BS2680 m, BS2-BS3 QT if used). That means only th#) dB below the maximum

= 580m and BS3-BS1= 640m. More than20 individual peak of the power profile is considered. Altogethatifferent
tracks with more thari20 measurement runs (including non-estimation procedures are presented and resultsdifferent
line-of-sight (NLOS) and line-of-sight (LOS)) have beerr-pe power delay profiles (PDP). An overview of all the procedures
formed. A typical length of a track i50 m—70 m. The distance is presented in table Il. Based on these PDPs the corresgpndi
for NLOS ranges from68 m—628 m for the antenna height of values for the LSPs are estimated. The calculation stepgbare
25m and 228 m—628 m for 15m base station height. In thesame considering the grouping or the non grouping method.
LOS case the distance for the antenna heigt2oh and15m  For a detailed description of the estimation of the congider
varies from68 m-521 m and from245 m-345 m, respectively. parameters the reader is referred to [6] and [5].

Table | summarizes the measurement properties. For more

information about the measurement campaign we refer to [8]
and [9]. The influence of the distance between the MS and the BS
and of the antenna height of the BS on the cross correlation
lll. ESTIMATION PROCEDURES coefficients is investigated following [6]. Three diffetedfis-
A circular array with directional antennas at the MS3ance ranges6() m—200m, 200 m—400 m and 400 m-640 m)
and AGC switching for each MIMO subchannel within oneis well as two different antenna heights of the BSra and
snapshot has been used. This leads to a higher directiom@m) are considered. The MS height is constan? at.
resolution for high resolution multipath parameter estiores
like RIMAX [10]. Additionally, this provides more precise V. CROSSCORRELATION
measurements because of holding all the dynamic of theFor the estimation of the cross correlation coefficients, al
channel and therefore having a better quality of the daiaSPs are normally distributed with certain values of the mea
This is caused by the fact that, if the different AGC valueand the standard deviation, i.e., SF, XPR and K-factor are
are used to group the MIMO channels with regard to thiedicated in dB and the DS is transformed irteg,,(DS).
same AGC values, the calculated cutting levels (CL) of thEhen the cross correlation coefficient between two differen
following noise reduction depend on the dynamic of eadtSPsx andy is calculated as follows:

IV. DISTANCE RANGES AND ANTENNA HEIGHT

individual group. Thus also low power contributions of the N (i) — Vi) — T
channel can be held and this results in a better quality of the  p(z,y) = szzl( ) )(ilv( ) "9 . (@
data. Is it necessary to take these aspects into account or is \/Eizl(w(i) —7)2) i, (y() —7)?

it sufficient to estimate the parameters on the conventionvf}llth = and7 are the means of the datasetandy and NV is
way, i.e., without any grouping? This question leads to tW‘I?]e setsizeyThis is conform to [2] and [3] y
main approaches for the large scale parameter estimatien. ' '

first one, taking the quasi directional dependent inforamati VI. RESULTS

into account, utilizes the different AGC values (which are oy piMo subchannels except of the channels correspond-
quantized in steps of 3 dB) of the channels to group thg, 15 the MIMO cube are taken. Furthermore all BSs and all

Analysis Method | AGC Maximum individual Quality tracks are gonsidered a.t once, put separated between NLOS
ependent| Cutting Level | Cutting Level | Threshold and LOS with a ray tracmg algorlthm.
GRagcCLmax X X
2&2&"“2* . = Estimation Procedures
ggai?Lngg X X - Table 1l shows the values of the cross correlation coef-
GRCLindQT X X ficients between the delay spread (DS), shadow fading (SF)
TABLE II and the K-factor for the different estimation approaches fo

OVERVIEW OF THE DIFFERENT ANALYSIS PROCEDURES the antenna height & m and15m. The correlation between



25m [ DS &SF[dB] [ DS &K-factor [dB] | SF & K-factor [dB] | [ DS &SF[dB] [ DS & K-factor [dB] | SF & K-factor [dB] |

[ NLOS [ LOS | NLOS | [0S | NLOS | [0S | [ NLOS [ LOS | NLOS | [0S | NLOS | L[OS
GRagClimax ~0.36 | —0.18 | —0.12 | —0.18 0.20 0.32 60m-200m/25m | —0.51 | —0.19 | —0.32 0.13 0.53 0.49
GR1oClmax —0.42 | —0.40 | —0.06 0.31 —0.04 | —0.33 200m-400m/25m| —0.00 | —0.17 | —0.06 0.03 0.22 0.50
GR0CLing —0.64 | —0.77 | 0.18 0.44 —0.22 | —0.37 400m-640m/25m| —0.71 | —0.68 | —0.08 | —0.30 0.30 0.43
GRagCLmaxQ@T | —0.24 | 0.07 | —0.12 | —0.13 0.22 0.35 60m-200m/15m n.a. n.a. na. na. na. na.
GRyoCLmaQT | —0.17 | —0.27 | 0.05 0.28 —0.03 | —0.35 200m-400m/15m| —0.72 | 0.02 | —0.09 | —0.28 0.16 0.33
GRoCLngQT | —0.49 | —0.66 | 0.26 0.45 —0.22 | —0.38 400m-640m/15m| —0.74 n.a. —0.22 n.a. 0.25 n.a.
15m [ DS &SF[dB] | DS & K-factor [dB] | SF & K-factor [dB] | WINNER Il —04 | -04 n.a. —0.4 n.a. 0.3
[ NLOS [ LOS | NLOS | L[OS | NLOS | LOS | TABLE V
gRagchLmax —0.65 | 0.02 | —0.20 | —0.28 0.15 0.33 CROSS CORRELATION COEFFICIENTFOR GRaccCLyax ) OF DELAY
GE:"CL"’:X _8'2 _8?? _003116 _003256 0604(1)3 _gg} SPREAD, SHADOW FADING AND K-FACTOR FOR DIFFERENT ANTENNA
o Lin —U. —0. . . —0. —0.
GRagClma@T | —050 | —0.10 | —0.18 | —0.39 | 0.16 0.33 HEIGHTS AND DISTANCE RANGES
GR1oCLmaxQT | —0.46 | —0.26 | 0.04 —0.28 0.01 —0.19
GRuoCLindQT | —0.69 | —0.32 | 0.47 029 | —0.41 | —0.19 jand between DS and K-factor and this occurs only for the
WINNER I ~0.4 ~0.4 n.a. ~0.4 na. 0.3

AGC depending method. Even if it is not really clear which
TABLE I are the right values for the cross correlation coefficients b
CROSS CORRELATION COEFFICIENT OF DELAY SPREASHADOW FADING - .. .
AND K-FACTOR FOR DIFFERENT ESTIMATION APPROACHEE5M, 15v).  NOW, it is distinct from the above mentioned results of the
correlation analysis, that the estimation procedure rBggr
the DS and the SF is expected to be negative, which is timee AGC values is the more precise way.
line with the results from [11]. With decreasing power of the Nevertheless, the values of the correlation coefficients fo
LOS component the SF decreases and therefore the PDP gatsnon AGC dependent analysis are mostly higher. This
more uniformly distributed and this results in larger valueentails that if the measurement is done with AGC switching
for the DS. This relation is fulfilled in almost all cases. Irand the following analysis is performed without considgrin
addition, the values of the coefficients for the lower angenrhe directional dependency the correlation might be otedra
height are larger then for the antenna heigh2df in the This effect can also be observed for the cross correlation
NLOS case and vice versa for LOS. The results for the NLOBvolving the cross polarization ratios (XRRXPR,). Table IV
case corroborate the outcomes in [3]. summarizes the results for both antenna heights. Exeryplari
However, the algebraic sign of the correlation coefficierthe horizontal cross polarization ratio is chosen, but tilees
switches regarding the SF and the K-factor as well as reggrdincluding the vertical one behave the same way. Table IV
the K-factor and the DS. Nevertheless, the cross correlatialso confirms the assumption, that the values for the cross
between the DS and the K-factor is expected to be negatigerrelation are higher for smaller antenna heights in th©SL
The values of the K-factor increase with the power of the LO&se, but smaller where a LOS exist.
or the strongest multipath/cluster component. But theesfioe . .
DS decreases with the power of the NLOS components. TRéstance Ranges and Antenna Height
comparison with the results in Table Ill affirms that the AGC For the analysis regarding the distance between BS and
dependent processing method (whether the QT is used or 4§ as well as regarding different BS antenna heights, the
is the more precise way for the estimation of the LSPs, usiA§C dependent method without considering an additionally
circular antennas with directional patches at the MS for tHeT is used. This is due to the outcomes in [5], the results
measurements. The correlation values for the K-factor had tnentioned above and the outlier in the correlation between
SF confirm this assumption. They have consequently to B& and SF for LOS as well as between DS and XR&
positive, due to the negative correlation between DS and §©S and NLOS when the QT is used. Hence, in the following
only the procedure GBLLnax is considered. In Table V and
VI the cross correlation coefficients with regard to various

o5m [ DS & XPR, [dB] | SF & XPR, [dB] | K-factor & XPR, [dB] |

NCOS [ [0S [ N[OS [ [0S | NLOS | LOS ld|stance ranges and different an_tenna heights are sur_mfd_arlz
GRogCLumax 022 | 015 [ 032 | 03 095 013 It can be seen that for small distances there is a significant
GRnoClimax —0.24 | —0.35 | 046 | 081 0.10 -0.19 |correlation between the different LSPs for NLOS and the
GRnoClind —0.54 | —0.65 | 0.46 | 0.80 | —0.01 —0.22 . S .
GRagCLma QT | 0.06 006 T 03T T o073 T 0397 045 —antenna height o5 m, which is conform to our observation
GRoCLmaxQT 0.12 —0.21 0.45 0.80 0.10 —0.19
GRwCLindQT | —0.14 | —0.58 | 0.45 | 0.80 | —0.01 —0.22
5m [ DS & XPR, [dB] | SF & XPR, [dB] | K-factor & XPR, [dB] ] [ DS & XPR, [dB] | SF & XPR, [dB] | K-factor & XPR, [dB] |
[ NLOS | LOS | NLOS | LOS | NLOS | LOS | [NLOS [ LOS | NLOS | LOS | NLOS | LOS |
GRagClmax —0.44 | —0.45 | 0.22 | 0.20 0.16 0.35 60m-200m/25m | —0.62 | 0.58 | 0.73 | 0.43 0.59 0.33
GRoClimax —0.45 | 0.25 | 0.28 | 0.32 0.19 —0.55 200m-400m/25m| 0.21 | —0.02 | 0.32 | 0.82 0.14 0.49
GRuoCling —0.57 | —0.50 | 0.26 | 0.32 | —0.12 —0.55 400m-640m/25m| —0.24 | —0.61 | 0.42 | 0.62 0.13 0.27
GRaglCLmaxQT —0.20 —0.49 0.23 0.20 0.18 0.35 60m-200m/15m n.a. n.a. n.a. n.a. n.a. n.a.
GRoCLma@T | —0.05 | 0.25 | 0.29 | 0.32 0.20 —0.53 200m-400m/15m| —0.20 | —0.45 | 0.29 | 0.20 0.11 0.35
GRyCLingQT | —0.33 | —0.50 | 0.26 | 0.32 | —0.11 —0.53 400m-640m/15m| —0.35 | n.a. 0.29 na. 0.15 na.
TABLE IV TABLE VI
CROSS CORRELATION COEFFICIENT OF HORIZONTAL CROSS CROSS CORRELATION COEFFICIENTFOR GRagcCLuax ) OF HORIZONTAL
POLARIZATION RATIO, DELAY SPREAD, SHADOW FADING AND K-FACTOR CROSS POLARIZATION RATIQ DELAY SPREAD, SHADOW FADING AND

FOR DIFFERENT ESTIMATION APPROACHE$25M, 15Mm). K-FACTOR FOR DIFFERENT ANTENNA HEIGHTS AND DISTANCE RANGES
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Fig. 1. Cross correlation coefficient of delay spread andlaafading vs Fig. 3.  Cross correlation coefficient of shadow fading andagtor vs

distance in20 m steps for the antenna height 25 m (NLOS). distance in20 m steps for the antenna height 25 m (NLOS).
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Fig. 2. Cross correlation coefficient of delay spread andéetdr vs distance Fig. 4. Cross correlation coefficient of shadow fading arabsipolarization
in 20 m steps for the antenna height 25 m (NLOS). ratio (h) vs distance irR0 m steps for the antenna height 25 m (NLOS).

that the correlation decreases with increasing distarmetiie  NLOS. Fig. 8 and Fig. 9 depict the same for the LOS case.
lower antenna height the largest cross correlation values a
obtained for the distance range ¢60 m-640m. For LOS VII. CONCLUSION AND OUTLOOK
the highest values of the cross correlation can be found forThe cross correlation characteristics of the LSPs in the
the distance range df00 m—400m, especially for the cross power and delay domain for different estimation procedures
correlation values where the DS is not included. This can berious distance ranges and different antenna heights have
explained by the beampattern of the antenna and the dedoeen investigated. The relation between the parameters re-
of elevation at the BS. Additionally for large distancese thgarding the expected correlation is always fulfilled for the
possibility that the waves change their polarization iases. parameter estimation procedure taking the AGC dependent
Due to these aspects, for small and large distances the clg@uping into account and thus considering directionarfilt
disjunction between h and v components is not ensurgdy properties of the receive antenna, whereas for the AGC
anymore and thus the correlation decreases. independent procedures the results are partly non consiste
To get a better insight into the dependency of the crofisfollows that if measurements were done with a circular
correlation coefficients on the distance, Fig.1 — Fig.4 stiwev array including directional antenna patches at the MS attial wi
cross correlation coefficients versus the distance foewifit AGC switching within one snapshot, the estimation procedur
LSPs for NLOS and the antenna height2dfm. The distance has to be done directional dependent. The analysis regardin
range for which they are estimated2@m and the number of the distance ranges and antenna heights shows interesting
samples which are used for the calculation is depicted in Figsults. Strong negative dependencies were found when the
5. While the values for the coefficients are very large arouraS is included for decreasing BS antenna height under NLOS
the range 0100 m and satisfy the expected positive or negativeropagation and vice versa for LOS. The values for the cross
correlation, we have almost always an erroneous behavior 500
in the range of200-300m. A possible explanation can be
a strong reflection or diffraction of the cluster or multipat
components due to a special geometry of the scenario. If the
outlier in the range o200 m-300m are neglected, a clear
trend, that the coefficients decrease with increasing riista
is visible, especially in Fig. 3 and Fig. 4. The values for the
antenna height of5 m behave almost the same way, however 0
the decreasing tendency is less observable. But they have
similar outliers in the range betwe@d0 m and300 m.
For an additional overview of the joint behavior of the LSPgig. 5. Number of samples per distance range for the antenghthai25 m
Fig. 6 and Fig. 7 show the corresponding scatter plots f@¥LOS).
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Fig. 6. Scatter plots for different antenna heights (NLOS). Fig. 8. Scatter plots for different antenna heights (LOS).
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Fig. 7. Scatter plots for different antenna heights (NLOS). Fig. 9. Scatter plots for different antenna heights (LOS).

; s _ :[5] A. Bottcher, C. Schneider, M. Narandzic, P. Vary, R. S. Thpm
correlation coefficients between SF, K-Factor and XPR are Iﬁ "Estimation of the Radio Channel Parameters from a CirculaayAwith

general larger for the higher antenna height in the NLOS and pirectional Antennas”|EEE 73rd Vehicular Technology Conference:
LOS case. Furthermore dependencies on the distance betweenVTC2011-Spring, 2011.
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