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1. Introduction

Efficient design of MIMO transmission systems requires a thgiiounderstanding of the multi-
dimensional structure of the mobile radio channel. Widalgepted for a measurement based channel
characterisation are parameter estimation algorithnHBPRIT [1] and SAGE [2]. The idea is to deduce
a parametric model of the MIMO channel. Hereby the channeidgelled by a number of individual
specular propagation paths that are described by the ptaendé@ection of arrival (DoA),direction of de-
parture (DoD), time delay of arrival (TDoA) and the comple{grimetric path weights, which are inde-
pendent from the antennas used during the measurementt Adinoach to use these estimated param-
eters of the specular components (SC) for measurement pasaaetric channel modelling (MBPCM)
was proposed in [3]. Itibers the possibility to emulate the MIMO transfer propertésrbitrary an-
tenna arrays by reconstructing the hypothetical anterspgorese from the estimated channel parameters.
However, it was observed that with the specular paths orfiy 2050% of the received signal power can
be described. Therefore, the RIMAX algorithm [4] decribles thannel by a superposition of specular
components, and dense multipath components (DMC) thatlynagsult from distributed dfuse scat-
tering. Nevertheless, so far only the contribution of thes &€ used for the MBPCM. Consequently, it
was observed [5], [6] that the MIMO capacity calculated frihva reconstructed channels using only the
SCs are lower compared to the ones calculated from the negasuats. In this contribution the MBPCM
approach is applied comprising both components the SCshandMCs, where measurement data of a
macro cell scenario and the corresponding RIMAX paramedtmation results are used. The MIMO
capacities calculated from the measured channel, recatetr channel based on the SCs, reconstructed
channel based on SCs and DMCs, and the reconstructed cramperposing the SCs, DMCs and an
artificial measurement noise are compared.

2. Channd measurement and characterisation

The full polarimetric double directional channel measugata are performed in a macro-cell en-
vironment in Tokyd. A RUSK channel sounder [7] at a center frequency of 4.5 GHt asignal
bandwidth of 120 MHz is used. The transmit antenna array, @2 4 polarimetric uniform rectangu-
lar patch array (PURPA) is placed over roof top at a 10 floohltigilding ( 35 m). The receive antenna
array (Rx), a 2x 24 stacked polarimetric uniform circular patch array (SPPALis placed at a cart
around 1.6 m above the street, where the buildings in th@wsuoding residential area are between two
and three flours high. The measurement conditions vary leetywere line of sight (LoS), mixed non LoS
(NLoS) and obstructed LoS (OL0S) and pure NLoS . In total ®001lsnapshots were recorded along
the 490 m long measurement route, where each snapshottsarfsic36 complex impulse responses
with a maximum excess delay of 3i2. To deduce the parameters of the SCs and the DMCs from the
measured date, the estimation algorithm RIMAX [4] is used. With the statézy measurement noise
and the dense multipath and specular comporeatsds respectively, the total observed signal vector
is modelled as follows: K
(Mo M) = 0+ d(Bowic) + ), S60k) (1)

k=1
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where the superscript][denotes the size of the vectdvlrx and My are the number of Rx and Tx
antennas respectively amdk is the number of frequency bins. The vedglincludes the parameters of
the k" SC characterised by its DoDpf, 97« (azimuth and elevation)), TDoA, DoA (¢rk, Jrk), and
the four complex polarimetric path weightsnk, Ynv.k Yw.k: Yvhk, Where the first subscript indicates the
polarisation at the base station and the second at mobilerstd he second part of the data model, the
DMC, are considered as the remaining complex impulse ressoafter removing the contribution of the
reliable estimated SCs and measurement noise. Resultimgrfrany observations of measured channel
responses, an exponential decaying data model is definegresent the DMC in the delay (correlation)
domainyyy(7) with its corresponding frequency responig(f):

0 T < Tnyy
(1) = Ellhgy(n)) = Ly 3 T = Tngy
al,xy . e_.Bd.xy(T_Tn.xy) > Tn,xy
7 |
4 .
\ny(f) = i . e_lznan,xy (2)

Bdxy + jorft

wherefqyyy is the normalised coherence bandwidthyy is the base delay ang yx, is the maximum
DMC power, hyy is a channel impulse response with transmit and receiveigal@mn x andy respec-
tively ((horizontal (h) or vertical (v))). As proposed in][&e distribution of the DMC is estimated
independently for all four polarisation combinations frtime corresponding mean power delay profiles.
The parameter vector of the DMCs is defined Withic = [@omchn, @omchvs Opmevh, Oomew]. Each vec-

tor @pmcxy is composed of the parametérs . Buxy. Tnxyl. Furthermore, the mean measurement noise
power at one frequency bin is estimated and corresponas.to

3. Channel reconstruction and capacity calculation

For the capacity analysis four cases of channel matricesargdered, the measured channel ma-
trices Meas), the reconstructed based on the specular composd®Xs) only, the reconstructed SCs
superposed with the reconstructed DMOESC+DM C), and the reconstructed SCs superposed with the
reconstructed DMCs and artificial measurement noise wihstime mean noise powejf as estimated
from the measuremenSC+DM C+Noise). For the channel reconstruction the data model as describe
in egn. (1) is used. The contribution of tk& SC is reconstructed using:

S(6k) = br,x ® b1,k ® Dk - Yhnk + bR,k ® b1, k ® Dtk - Yhvk+
PR,k ® DT,k ® Dtk - Yvhk + DRk ® DT,k ® Dtk - Yk

®)

wherebg,,, bt,, define thek! polarimetric array response at the receive and transnetrsispectively,
btk denotes the frequency response, andenotes the Kronecker product. The DMC comporegknt
is modelled as a stochastic process with the covariancexRy, which is calculated by using the
sampled version of the frequency respolsg(f) as defined in equation (2).

Ryy = toep?(K(oDMCXy)K(aDMCXy)H) , With  k(6pmcxy) = [\yxy(o) Py (AT) - Pry(Mf — 1) - Af)]T e cMYa)

For each channel an adequate random vector is created lgyarsiri.d. circular Gaussian process
z e CM L NGO, 1), i =1... M7y - MRy (5)

and applying the transformation mattixw.r.t. thexy polarisation combination of th& channel:

.
di(fomcxy) = L(Obmexy) -z = d(fpbmc) = [dI d-ll\—/le'MTx] (6)

where the matrixt ,y is obtained by the Cholesky decompostiorRg§ = L, - L&,. In case of the noise
affected reconstruction each elemenna$ defined as:

o2, . o2
n~ N(O; 7) +j - N(O; 7), (7)

whereo is set to the square root of the mean estimated noise payver

2toepf, b) returns a toeplitz matrix with as its first column and as its first row
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The instantenous capacity of a frequency selective chasmigfined as the mean capacity over all
frequency bins:
M¢—1

- = P _B(Af. CHY(AT -
C = w r;omgz(uMTxH(Af my) - HH (AT - my) (8)

wherep is the mean signal to noise ratio (SNR). Note that this SNRheilcalled application SNR and
is not related to the SNR of the measurement. In order to compareapecities of the channétyeas
Hsc, Hscrome andHsc:pmcNoiser the channel matrices are normalised to the mean signalrpatvieh
is known from the parameter estimation:

= H
H=—== 2 )
\/zm§=0||HMeas<Af~mf)||F

Mrx-Mgx-M¢

)

whereH is either the measured or one of the reconstructed channtelcesa Note that in the cases
of SC+DM C andSC+DM C+Noise, the mean capacity of 20 channel realisationgédent DMC and
noise vectors) is used.

4. Results

In here the capacities of the reconstructed chartets Hsciomc, Hscrpmcsnoise@nd the measured
channelHpeas0f @ 4x 4 MIMO system are compared. Two adjacent polarimetric pattknnas at the
Tx and Rx side are chosen. The capacities (eqn. (8)) arelatddufor application SNRs between -10
dB and 20 dB. In Fig. 1(a) the capacities (application SIBB) for all cases are plotted with respect
to the snapshot index. The dashed lines divide the total ine@®nt route in 5 segments, where the
dominating propagation condition of each segment is sgecifunder all conditions thelsc case has
the lowest capacity and is most constant over the entireune@&nt route. The capacity of the noise-free
reconstructed channdtgc,pmc) is around 20% to 50% higher than using just the specular coemits
for the reconstruction, where the only exception is the Lo8di@ion. Note that assuming a perfect
match of our model (egn. (1)) with the real world channel,d¢apacity of the channélsc,puc case is
the maximum available capacity that can be achieved withugleel MIMO system in this environment.
Since, a measured noise free channel is not available tpistihgsis can only be verified by comparing
the capacity oHyeasWith the capacity of the noisy reconstructed chartigt, pmcinoise 1N Fig. 1(a)
it can be observed that both of these cases (black and yellm®) @mre almost matching. Under the
assumption that th8C+DM C capacity is the realistic capacity, the relative capacitpreof the other
cases is defined as follows:

(Cscepmc —C)

E = 100-
cap Csc+bmc

[%6] (10)
whereC is the capacity of one of the other cases. In Fig. 1(b) thistived error is plotted, where nega-
tive values correspond to an over-estimated capacity asitiysvalues correspond to under estimation.
Mainly in the NLoS regions the capacity is under-estimatsithgithe channeHsc, where at the same
position the capacity calculated from the measurementds-estimated since the measurement noise is
assumed as channel diversity. The capacity error oHtgeandHyeas under LoS condition is almost
negligible due to the high specular power and the higher oreasent SNR respectively.

In the following, the capacities are compared for appla@matNRs between -10 dB and 20 dB. Therefore,
the mean capacity of all snapshots in each segment is cadular.t. to the chosen application SNR.
Under LoS condition it becomes obvious (See Fig. 2(a)), dsatecially for higher application SNRs
the noise-free reconstructed chanrték¢,puc) achieves a higher capacity than the ndiyeas itself.
The cause of this is the high probability of closely spacetth paound LoS that can not be resolved as
SCs and consequently need to be modelled as DMC. This réswtenodel mismatch, which leads to
inaccurate estimates of the DMC parameters. Using theBragst in the reconstruction step leads to
an apparently higher capacity especially in the case ofitileeh application SNRs. Nevertheless, using
the reconstructed channklsc,pmc is appropriate until 10 dB SNR. Furthermore, the overestona
for higher application SNRs is not more than 5%. Under NLoSd@on (See Fig. 2(b)) even for high
application SNRs the capacity bfyeasand the noisy reconstructed chanbklc,pmcNoise @re equiv-
alent. Consequently, the proposed data model comprise&@&s and DMCs match the measurement
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Figure 1: (a) Capacities assuming a application SNR of 0 dBRglative capacity error related to the
capacity of the reconstructed chankkic,pmc

perfectly. Comparing the capacitiesld§c andHsc,pmc it becomes obvious that the power of the spec-
ular components dominates and the influence of the DMCsasereespecially for higher application
SNRs.
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Figure 2: Mean capacit€ under (a) LoS and (b) NLoS condition w.r.t. application SNR

5. Conclusions

In our contribution the MBPCM approach considering disttital difuse scattering and neglecting
it has been demonstrated. The results in terms of the adideMMO capacity of a 4« 4 system clearly
show, that the diuse scattering has to be taken into account in the chanraistaction. Furthermore,
it is pinpointed that the importance of modelling the DMC e&pdndent on the application SNR, which
is used for capacity calculation.
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