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Abstract— The collection of Floating Car Data (FCD) is very  configurations is possible. Furthermore, mathematical-mod
important for dynamic traffic forecasts. For this purpose, sensr  els provide general insights and elegant solution methods.
nodes in cars are supposed to transmit traffic information via For performance evaluation regarding the number of seevabl
Long Term Evolution (LTE). In this paper, we evaluate this : . .
data transmission with regard to several Key Performance human .connectlons we use a cloge-tg-regllty parameterized
Indicators (KPIs) for a channel aware transmission. These Markovian model. The parameterization is based on LTE
indicators are the negative impact on human communication, uplink data rate measurements performed in the laboratory.
the power consumption of the mobile devices and the local The model describes the utilization of shared RBs between
distribution of cars sending FCD in the scenario. As methodol- H2H and M2M communication. Hence, the influence of

ogy for performance evaluation a close-to-reality parameterized o .
Markovian model, laboratory data rate as well as power the FCD transmission on the human communication can

consumption measurements and ray tracing simulations are D€ analyzed. Furthermore, the power consumption of the
used. By applying channel aware transmission the Quality of LTE User Equipment (UE) is evaluated by measurements
Se(;ViC? (?tOS) |eve|| Otfhhuman Communicatti.on can be (?fbtair;ed in the laboratory and the distribution of active FCD users is
and simultaneous e power consumption is significan ; : ;
reduged. In additioynZ the F;raction of acti?/e FCD dgvices or)ll ev.?_lﬁstepisgr r?sy Z?rﬁlgt%rzlén u;ztl?gllsaws. Sec. Il gives an
the highway can be increased. - : : €
overview about the related work. The channel sensitive
transmission scheme is described in Sec. Ill. In Sec. IV the
relevant KPIs for FCD transmission are presented and Sec. V
Highly precise and real time traffic forecasts became #ustrates the developed methodology. After that, in Séc.
major research topic in the last years. Hereby, the pretisithe results regarding different KPIs are presented andyfinal
of prognosis depends on the quantity, quality and religbili Sec. VII concludes this paper.
of available information on the traffic flow. The communi-

I. INTRODUCTION

cation aspects of such approaches are as important as {théroblem Solution KPlIs Methodology
actual prognosis. Moreover, the characteristics of Vehict Efficient FCD #H2H  |<«—Markovian model
Infrastructure (V2I) communication as part of Machine-to tffgpj%:ﬁlﬁg Channel ggwgf < E dam A
Machine (M2M) communication is different to conventionall " wafic [ tr::g;iitsi\éieon R \ measurements
LTE Human-to-Human (H2H) communication [1], in relation f‘\’”rscLaTSés Eraction of \
to the transmitted payload and data rate. The dynamic traffic devices |__ ,
forecast is based on FCD which contain vehicular sengL:i on highway |~ Ray tracing

data. This data can be transmitted from sensing cars tOF‘q@_ 1: System overview for performance evaluation of
server via public cellular communications systems such g$hannel sensitive transmission

for example LTE. Thereby, the negative impact on the ex-

isting human communication has to be as small as possible.

To ensure this, we use a Channel Sensitive Transmission Il. RELATED WORK

(CST) for the FCD [2]. The goal in this paper is to analyze In [3], FCD is used for the traffic state identification.

the performance of this approach regarding different KeYhereby, the impact of a small penetration rate of vehicles

Performance Indicators (KPIs). For this purpose, we have &ending FCD for the reconstruction of the actual travel §ime

evaluate the performance of LTE for heterogeneous traffiis analyzed. In addition, the use of a micro simulation for

In Fig. 1 a system overview for performance analysis oFCD and its influence on wireless communication systems

channel sensitive transmission including methodologytier is shown in [4].

evaluation of the different KPIs is illustrated. The inclusion of M2M communication into common traf-
The performance of wireless communication systems cdit of cellular communication systems is one of the main

be studied at different abstraction levels: Field triale argoals in the standardization process of LTE-Advanced [1]

necessary to understand the system under realistic comgliti [5]. In this context, the impact of hundreds of M2M devices

By discrete-event simulations an evaluation of many diffier on the QoS of H2H communication should be as small
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as possible. Strategies to keep the complexity of M2M |

application on different layers as small as possible ar&zsho
in [6].
A multi-class Erlang for

loss model Orthogonal

To make it even more practice-oriented for LTE systems we 0'1

used the Resource Blocks (RBs) as states. Furthermore, we’of

0.71
0.6

0.5r
Frequency-Division Multiplexing (OFDM) systems in< |

[7] is introduced. Every state in the model represents oneo'sj
subcarrier. This Markovian model is adapted in this paper. 0'27

parameterize the model based on measurements.

Modeling the power consumption of modern smart-phoneéig
is gaining importance during the last few years. This Comeéf‘noi
along with the fact that the power consumption is signif-
icantly increasing. In [8], an approach is presented which
allows for the automated construction of energy models for
Android based smart phones. Instead of measuring the actual

0

0.5 25

2: Transmit probabilityp; ; for 3 = 0; 10 dB, 20 dB
30 dB SNR

IV. KEY PERFORMANCEINDICATORS (KPIS)

current drain from the battery the method described hereIn this section, the KPIs which are important for the

battery discharge voltage curve.

A much more detailed investigation of the power con-
sumption of GSM, UMTS and WiFi has been performed
in [9]. Here, the impact of different locations and differen
times are taken into consideration as well as user mobility.
In [10] measurements regarding the power consumption of
USB enabled LTE UEs are presented. The measurements
show that a major non-linearity in the relationship between
transmit power and consumed power is caused by a mode
transition from low power mode to high power mode of the
installed power amplifier. This effect causes to power savin
of the channel sensitive transmission.

I1l. CHANNEL SENSITIVE TRANSMISSION(CST)
SCHEME

By applying the channel sensitive transmission scheme [2]
to the FCD transmission, many M2M devices with good
channel conditions transmit FCD. This is guaranteed by a
transmission probability; ;:

(i) - (
N M « B
> 2 (i) - ()
1=1k=1

Here, p; ; is the normalized transmit probability for
classi,j and is illustrated as a function af in Fig. 2.
The parameter separates the different SNRs aridthe
different velocities for the classes of the Markovian model
(cf. Tab. ). The arrival rate for each class is multipliedwi
Dij- SN Rmas i the SNR for which the highest data rate
can be achieved and,,., is the highest velocity in the
scenario. A method how to estimate the SNR in a real OFDM
system in shown in [11]. The parametersand 5 control the
intensity of the channel sensitive transmission scheme. Fo
the Markovian model, we divided the SNR ¥ = 3 parts
and the velocity inM = 2 parts. The number of devices

which transmit data should be independent on the coefficient
«. Therefore, we normalize the transmit probability.

SNR;

Ymaz
vj

Umag
Uk

Pij = ,i=1.N,j=1..M
SNR;
SN Rmax

Number of servable H2H users The transmission

of FCD influences the H2H communication. Thereby,
the negative impact should be as small as possible. By
means of the Markovian model which is parameterized
by laboratory data rate measurements, the number of
H2H users with a certain QoS level is evaluated for
different transmission strategies of the FCD. The QoS
level is set to 10 % blocking probability and for the
FCD transmission we assume that 5 % of all cars
transmit FCD. This is a realistic value for a reliable
traffic forecast [3].

Consumed electrical powerof the LTE UE. For the
transmission of the FCD, common LTE USB sticks or
smart-phones can be used. For these devices the power
consumption is a major KPI, because the development
in battery technology cannot feed the power hungry
devices. Therefore, power saving of mobile devices is a
relevant topic for the last years. We measured the power
consumption in the laboratory and derived an average
power for FCD devices.

FCD Entropy Position Index (FEPI): The distribution

of the active FCD users is very important for the
dynamic traffic forecast. We introduce the FEPI, which
is based on the Theil Index [12]:

T:Ki:(

1=

Z; ZT;
ot
zng)
Thereby, the scenario is divided infé parts. We used
K = 16. = is the average number of users per part and

x; is the number of users in part From this value we
derived the FEPI:

To

T

To is the Theil Index without channel sensitive trans-
mission. This KPI is derived from ray tracing simula-
tions and describes how homogeneously the users are
distributed in the scenario. The more homogeneous the

FEPI =



distribution of the number of users in the parts théB. Laboratory Measurement Setup for Data Rate and Power
higher the FEPI. Measurements of FCD Devices

« Fraction of FCD vehicles on the highway For the  The Markovian model is parametrized by LTE data rate
dynamic traffic forecast FCD from cars which aremeasurements. For the evaluation of the User Datagram
traveling on the highway are of special interest. Thigotocol (UDP) uplink data rate for different channel cendi
KPl is also gained from ray tracing simulations. tions laboratory measurements are performed. A basestatio

emulator (R&S CMW 500) sets up an LTE cell in band 7
V. METHODOLOGY FOREVALUATION OF THE IMPACT OF  (2.62 GHz). Hereby, the modulation and coding schemes
CHANNEL SENSITIVE TRANSMISSION ON THEKPIS with the indexes 0, 3 and 6 are used. The base station em-
lator is connected to a fading channel emulator (Elektrobi
Fropsim C8) via RF cable (cf. Fig. 4). On this equipment
an ITU Vehicular A channel model [13] realistically effects
the LTE signal. In addition, an Additive White Gaussian
. Noise (AWGN) with a fixed SNR can be added to the
"?r.a:gritii,rsr}orl:ﬂg(rj]e;J?r:ar?\?(l)ll"lr?rt:]%rr]]i:;tiéme Impact  of FCDRF connection. The category 3 LTE User Equipment (UE)
Samsung GT B3730 completes the setup. For the UDP data
For evaluation of the impact of different transmissiorrate measurements the LTE base station and the UE are
strategies on the LTE air interface, a close-to-realityapar connected to PCs with iPerf running. More details on the
eterized Markovian model is used. This system model igsed setup, especially the channel emulator can be found
introduced in [16]. Assigning the user requests to differerin [14]. In [2] more results from a data rate measurement
classes of resources, each class is modeled by one dimensicampaign are shown.
To represent different channel conditions, the H2H and For the determination of the power that is consumed by
M2M communication is splitted up into six classes. Thesthe USB enabled LTE device, a measurement probe is placed
classes are defined by the SNR and by the user velocity. Astween the actual client PC and the UE. Therefore, the
result, the model calculates the blocking probability oftH2 electrical energy powering the LTE stick has to pass the
communicationp,,, as a function of the arrival rate for M2M probe where it is sampled at a frequency of 100 kSamples/s.
Ay and the transmission strategy (cf. Fig. 3). The M2MThe so derived raw data is transferred to an evaluation PC
communication is characterized by the FCD payload (meana USB where the measurement can be analyzed in terms
100 kByte). Hence, the duration of transmission respdgtiveof for example minimum, maximum and average power
the service rateu,; depends on the data rate, which is aconsumption as well as the integration over individual time
function of the channel conditions that we determined bintervals for the determination of the consumed energy in
measurements. In addition, 10 RBs are used in the frequeritys interval. The high resolution of the measurement does
domain for the FCD transmissior; = 10). The arrival furthermore allow for a detailed examination of the power
rate for M2M users is adjustable. It influences the blockingonsumption.
probability of human users and is chosen so that the blockir@
probability does not exceed 10 %. For H2H communication™ . .
a video streaming service with a fixed data rate of 250 kbit/s FOr performance evaluation of LTE a multi-class Erlang
is assumed. Therefore, the number of RBs needed for loss model is used [16]. The analytical Markovian model
this data rate and different channel conditions is evathatglescribes the shared LTE RBs. For the different traffic elass
by measurements. The service ratg and arrival rate\;; & different number of states i; ne.eded and each class is
are given by the system parameterization. Furthermore, thgPresented by one dimension in this model. The dimension
power consumption of the LTE USB stick for different ©f the model is reduced by an approach presented in [15].
channel conditions is measured in the laboratory.

In this section, the methodology for the evaluation o
the KPIs is described. This includes the Markovian mode
laboratory measurements and ray tracing simulations.

Analytical Markovian Model

TABLE I: LTE system parametrization

M2M - H2H Determined from Measurement . Val
m rement ment parameter alue
; o - : ' easurements Carrier frequency 2.62 GHz (LTE band 7)
i A Mi : '; “‘; Cu - System Channel bandwidth 10 MHz (50 RBs)
' Yy parameterization RBs for FCD transm. 10
. FCD payload (mean) 100 kByte
Markovian model Variable FCD transm. frequency f=01/s
Duplexing scheme FDD
HW o i Result Number of classes N=3 N=2
4 \ 4 \ 4 Fading channel model ITU Vehicular A
) ] ] ) SNR for classes 10, 20 and 30 dB
Fig. 3: Markovian model for the evaluation of the influence Velocity for classes 60 and 120 km/h
of FCD transmission on the utilization of the LTE radio SNRma? for CST 40 I?B/h
. Umaz fOr CST 150 km
interface UE Samsung GT B3730
RLC mode Acknowledged mode



Shielding box VI. RESULTS

Fading channel
with LTE UE

emulator

The presentation of the results is organized as follows:
First the laboratory measurement results regarding déa ra
and power consumption for different channel conditions are
shown. With these information, the average power of the
LTE UE for different values ofx is analyzed in the next step.
Furthermore, the impact of channel sensitive transmission
the distribution of users in the scenario and the fraction of
users on the highway is presented. Finally, the results are
summarized by an investigation of all KPIs.

LTE base station
emulator

Remote control
via PC

Fig. 4. Measurement setup for LTE data rate and pow

. Laboratory Measurements of LTE Data Rates and Power
measurements for LTE USB Sticks and smart-phones y N W

Consumption

The power consumption for the random access procedure

Therefore, a one dimensional model with a different number- be divided into three parts (cf. Fig. 5). First the RF
’ omponent of the USB stick is disabled and the Radio
of states per user can be developed. The result of the mode&s

e blocking probabilty (. 16) which can b calcuates 012 SO0 () 1 Isenns ste, Then, e
the assumption that the inter-arrival time for the arrivater P P ’

. : the plot that a random access preamble is sent many times
As and services ratg; for every classs follows a negative . : . T ; :
exoonential distribution with a increasing transmission powét,. This results in
'FI)'h . tef ﬂ'] HoH ication is set to 1 an increasing power consumption of the LTE UE. After a
€ dserv(;ctehra € _orl et " :ommunlcac;or”]s S0 1 P&, ccessful random access the RRC gets into the connection
second and the arrival rate to 4 per second. The service rl@,o 5y the data transmission starts. We measured the con-

for the V2I users is calculated as data rate, which is take med power of the random access procedure for different
from the laboratory measurements, divided by the paylo annel condition (cf. Tab. Il). This energy is needed befor
of transmitted FCD. For more details about the classes ary ery FCD transmission

the parametrization of the model, we refer to [16].

Q
3

D. Modeling the Power Consumption of M2M Devices for , 4/ Sent random

. . bl
the FCD Transmission access prealloe
RRC Connected

We model the average power consumption for a FCD d%- ) N
vice Prcp by three parts: The power for the listening moder " wa 1

P, the energy for one random accdsg, ; ; divided by the n
random access time and the power for the actual transmission |-stening o0 e
P, ; for the classi, j. The time for the transmission can be 5 | | |

calculated by dividing the payloal? by the data raté R; ;. ot ‘ ‘ ‘ ‘ ‘ ‘ ‘ ‘
f is the FCD transmission frequendys., Era. ;, Pi; and 0 100 200 300 400 300 600 700 800 900 1000

DR; ; are measured in the laboratory (cf. Tab. Il and Fig. 6)Fig. 5: Measured power consumption of LTE UE during
random access procedure

a

N M
Prep = Pp, +f.zz <Pm‘ (ERraij;+ % .pm.)) Furthermore, we measured the LTE uplink data rate and
i,J the power consumption of the LTE UE for different channel
conditions in the laboratory for the other states of our
E. Estimation of the Local Distribution of FCD Devices byenergy model. In Fig. 6 the data rate and the corresponding
Ray Tracing Simulations consumed powep; ; for the transmission and listening mode
To evaluate the local distribution of FCD devices, we uséOr dlfferent. SNRs is presented. Therepy, fractional patis|
compensation [18] with a compensation factor of 0.5 and

a realistic channel model with a 3D Intelligent Ray Tracinglo RBs per user are assumed. One can see from the figure
(AWE Pmbs'm [17]? and a detailed 3D CAD mode_l Of. anth?t the data rate decreases significantly for a lower SNR.
urban scenario. This enables an accurate determination 0

the SNR. As propagation class double reflection and single
diffraction is used. The Base Station (BS) antenna has an  TABLE II: Measured energy for random access
opening angle ofl20° with 16.7 dB gain and a downtilt of
3°. Furthermore, the UE antenna gain is 1 dBi, the UE noise
figure is set to 6 dB and the transmission power of the UE
is 23 dBm.

i=1 j=1

j SNR Prg ERraij
1,2 | 30dB | -7 dBm 0.28J
1,2 | 20dB | -2 dBm 0.32J
1,2 | 10dB | +3 dBm 0.36J

w| M| | =




In contrast to that, the consumed power increases for &35~~~ - - - - - - - - - - 4 32 % reduction of total power |
lower SNR, because a higher transmission power has to be, ;- :gt:’glr?rilécstm Soiggower for
used. In [10], it is shown how the consumed power of the =
used UE depends on the transmission power. For a very high
transmission power the UE enables a high power mode agd’? p=2 7
consumes overproportionally more power. Hence, the energ?)?“’ ]
per bit increases significantly for worse channel condgion < o.1/FCD transmission g
The velocity has no major impact on the consumed power. ;- Random Access
For the transmission of FCD this means that it needs much | tistening, ‘ ‘ ‘
more power if the channel conditions are bad. Furthermore, ©° 05 ! 5 2 25 3 35 4

the transmission is much faster for good conditions and t}]gg. 8: Average power consumption of LTE FCD devices for
LTE UE can therefore return faster to the energy savingpannel sensitive transmission witho; 4] and 8[0; 4]
listening mode. In this state, the LTE UE consumes only ' ’

45 mW (cf. Fig. 6).
Therefore, the channel sensitive transmission saves power
In Fig. 8 one can see the average power for differentlpe collected from cars with different positions. It is not
parameterized channel sensitive transmission schemes. Ttelpful for the dynamic traffic forecast, if only vehiclesrye
listening power and the power for the random access neetbse to the base station send data. Hence, we use two
about 20 % of the total power. By applying the presentedP| for the performance evaluation of the distribution of
channel sensitive transmission scheme with= 2 and cars in the scenario. On the one hand site, the FEPI which
B8 =2, 32 % of the total power can be saved. If one regarddescribes how homogeneously the users are distributed in
only the power for the actual data transmission, the powdhe area. On the over hand site, the fractions of cars which
can be reduced by up to 42 %. sends FCD and are traveling on the highway. In Fig. 7 one
can see the distribution of vehicles for differently intems
B. Distribution of Active Users in the Urban Scenario  channel sensitive transmission schemes. These results are
The collection of FCD is the basis for a dynamic traffictaken from the ray tracing simulation. We divided the users
forecast. For this purpose, it is important which cars tains into different groups based on their SNR (cf. Tab. ). If no
FCD. The data is of special importance from cars whiclhannel sensitive transmission scheme is used, the users ar

are traveling on a highway. Furthermore, the FCD shouldniformly distributed, because the transmission prolgtg
independent of the SNR and the number of users per group is

the same. For a higher value af FCD is transmitted very
often for good channel conditions. Therefore, many users
1o.96 with a high SNR send data. Although at first sight this seems
to have a negative impact on the dynamic traffic forecast,
one has to analyze in which areas the channel conditions are
good. If we have a look on Fig. 7d, we see that many users
on the highway are active. This is due to the position of the
Base Station (BS). We used a very common position directly
beside the highway for the ray tracing investigation. Hence
many positions on the highway are very well connected. This

o means that the FEPI decreases by applying channel sensitive
Fig. 6: Trade-off between consumed power and data rate fg5nsmission, but the fraction of active FCD devices in the
different states for 10 RBs per user area of special interest increases.
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relationchip toa = 0. This result is taken from the Marko-
vian model. The average power consumption decreases by
35 %. This means that the negative impact of the FCD
transmission on the H2H communication decreases althou
the FCD devices save power. The cost for this gain is the2]
smaller FEPI. The devices transmit FCD dependent on the
channel conditions. Hence, the distribution of the usets ge
organized. This drawback is not that critical for the dynami
traffic forcast, because the number of cars which are on th&!
highway and transmit FCD increases by over 150 %.

300 [4]
& 250|
(9]
g 5]
> 200, 175 %
¢
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a=0 124 a=0124 a=01 24 a=01 2 4
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# HH device FEPI devices on
connections A
power highway
. L. . . . 9
Fig. 9: KPIs for channel sensitive FCD transmission with !
parameter[0; 4] and 5 = 0
[10]

VIl. CONCLUSION

In this paper, we evaluated the FCD collection for differentl1]
transmission strategies. For this purpose, KPIs were dgfine
including the power consumption of the LTE UE, the disq12]
tribution of FCD devices in the scenario and the negative3l
impact of FCD transmission on human-to-human commu-
nication. For modeling the traffic of an LTE cell a close-[14]
to-reality parameterized Markovian model was used. The
evaluation of the power consumption is based on laboratory
measurements using a real LTE UE and a standard conforms]
LTE link to a base station emulator. The distribution of FCD
users is investigated by ray tracing simulations. The tesullt®
show that the channel sensitive transmission scheme signif
icantly reduces the negative impact of FCD transmission on
the H2H communication and the power consumption of thé’
LTE UE for FCD transmission. Although, the distribution
of active FCD devices gets inhomogeneous by applying the
channel sensitive transmission scheme, the fraction of C3ig)
on the highway sending FCD can be more than doubled.

Research (BMBF) (13N10238).
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