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Abstract—In this paper, an energy efficient approach for the
transmission of Floating Car Data (FCD) via Long Term Evolu-
tion (LTE) is presented. Applying channel sensitive transmission,
FCD is collected by mobile devices in cars and transmitted 5 . a
preferably if the channel conditions are good. The results show F o o
that this approach reduces the negative impact on the utilization — 7 P
of the LTE air interface as well as on the energy consumption [um13) ,
of the mobile devices. For the performance evaluation of the / :

LTE system, a close to reality parametrized Markovian model is /

used. The parameters of the model are determined by laboratory *
measurements and ray tracing simulations. In the laboratory, also
the energy consumption of the used LTE USB stick is measured.
Hence, we evaluated that the channel sensitive transmission LTE base station
allows for an energy saving of up to 54 % for the transmission

of the FCD. Fig. 1: Highway scenario with M2M communication via LTE
for the transmission of Floating Car Data

R = [ucars)

I. INTRODUCTION

The increasing availability of modern Orthogonal Freqyengubmission of a fixed sized datagram can be significantly
Division Multiple Access (OFDMA) based communicatiorreduced. For the performance analysis and quantification of
systems such as LTE comes along with a variety of inngre enhancements a sophisticated system model based on
vative application fields beside the classical Human to Humanergy measurements in the laboratory and a close to reality
(H2H) communication. Especially the communication betwegarametrized Markovian model [1] are applied.
embedded sensor nodes and the corresponding infrasguctur
via cellular networks is rapidly gaining importance in tlastl Il. RELATED WORK
few years. One example of this so called Machine to MachineModeling the energy consumption of modern smart-phones
(M2M) communication is the collection and distribution ofis gaining importance during the last few years. This is due
Floating Car Data (FCD) for dynamic traffic forecasts. Thereo the fact that cellular phones are no longer only phones but
fore, sensors on board a vehicle are collecting informati@omplete portable computer with lots of additional funeto
regarding for example position, velocity and accelera{gee This comes along with the fact that the power consumption is
Fig. 1). From a larger set of these information, belonging &ignificantly increasing. In [2] an approach is presentedtivh
different cars, reliable traffic jam prognosis can be detiveallows for the automated construction of energy models for
For the submission of the FCD to the infrastructure LTEndroid based smart phones. Instead of measuring the actual
is considered as promising candidate technology. A pralcticurrent drain from the battery the method described heresbas
implementation of such a system could for example enhanse the battery voltage sensor and knowledge about the patter
navigation systems instead of being directly integrated tiischarge voltage curve. Although the model covers the powe
the car. As these devices are usually battery powered twnsumption of the overall device, the radio parts for WiFi
submission of the FCD has to be performed as energy efficiemd 3G are only modeled by means of three states each (Idle,
as possible. Forward Access Channel (FACH) and Dedicated Transport

Therefore, in this paper we present an approach whi€hannel (DCH) for 3G). A comparable approach can also be
allows for massive energy savings in the specific scenafimund in [3] where only two states (Idle and active) for the
by applying a channel sensitive transmission scheme. Téeergy consumption of the 3G radio interface are assumed.
basic idea is that preferably those devices encounteriiogl go A much more detailed investigation of the energy consump-
channel conditions are allowed to transmit their data. Asdgotion of GSM, UMTS and WiFi has been performed in [4].
channel conditions come along with a high spectral effigiendHere, the impact of different locations and different times
the transmission time and therefore the energy needed &we taken into consideration as well as user mobility. For
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the evaluation of the energy consumption the measured valueLaboratory Measurement Setup
is divided into a ramp-part, a data-part and a tail-part. The |, the |aboratory, we are able to perform close-to-reality
measurements show that for short data bursts the setup Ofimfestigations regarding an LTE cell with one user. For this
data channel as well as the termination causes significatd CQurpose the LTE stick (Samsung GT B3730) as Device Under
in terms of energy consumption. ~Test (DUT) is connected to an LTE base station emulator (10
The inclusion of M2M communication into common traffic\yyy; FDD LTE cell in band 7, acknowledged Radio Link Con-
of cellular co'mm.unication systems is one of the main goalsjfb| Automatic Repeat Request (ARQ) mode). Between these
the standardization process of LTE-Advanced [S] [6]. Isthigeyices, a channel emulator manipulates the LTE signalein th
context, the impact of hundreds of M2M devices on the QaR,dio Frequency (RF) domain. For fast fading the Vehicular
of norm_al H2H communication shpuld be as small as Poss'bl@-channel model defined by the ITU [12] and for the impact
Strategies to keep the complexity of M2M application 0@ jnterferences an OFDM interferer, with Quadrature Phase
different layers small are shown in [7]. _ _ Shift Keying (QPSK) and 1/8 guard interval, were used. By
For the performance evaluation of LTE, field trials argyeans of the setup, the influence of the radio channel and the
often used in order to analyze the impact of velocity Ofymper of RBs on the User Datagram Protocol (UDP) uplink
the performance of OFDMA-based links. For example, thg,i, rate is observed. For the data rate measurements the LTE
performance of LTE is evaluated with a testbed in [8]. Fq§45e station and the User Equipment (UE) are connected to
throughput measurements, a monitoring car with an average, pcs with iPerf. More details about the measurement setup
speed of around 30 km/h is used. Hereby, it is very difficufty 5 comparable scenario without OFDM interferences can be
to drive a car with a constant and preset speed to evaluate #henq in [13].
influence of velocity. . For the determination of the energy that is consumed by
To evaluate the channel conditions for cellular networég, r o \ySB enabled LTE device, a measurement probe is placed
tracing simulations are a well known method. In [9] coveragg..veen the actual client PC and the DUT as it can be seen
and achievable peak data rates for an urban area with thrigg, Fig. 3. Therefore, the electrical energy powering tFEL
dimensional building data and a ray tracing simulation a@jcy has to pass the probe where it is sampled at a frequency
investigated for an LTE-Advanced relay scenario. of 100 kSamples/s. The so derived raw data is transferred to

In [10], Mark(_)vian models are used to model LTE netvyork%n evaluation PC via USB where the measurement can be
Thereby, the dlﬁerept states m_the model represent differ analyzed in terms of for example minimum, maximum and
channel characteristics. Markovian models for resouricea! average power consumption as well as the integration over

tion, where one state represent a part of the shared resourgeyiyiqual time intervals for the determination of the conged
can be found in [11]. energy in this interval. The high resolution of the measuaeim
I1l. SYSTEM MODEL does furthermore allow for a detailed examination of the @ow
In [1], @ multi-class Erlang loss model is introduced fofonsumption in the different transmission states (e.@, ldbt
OFDM systems. Every state in the model represents of@nected etc.).
subcarrier. The same Markovian moc_iel is used iq this PapR, SINR Estimation by Ray Tracing Simulations
but we adapted the model to make it more practice-oriented L L
for LTE systems by mapping the LTE Resource Blocks (RB The distribution of the SINR for an urban scenario is

to the states. Furthermore, we make investigations of LTE termined via intelligent ray tracing simulations [14]eW

terms of data rate measurements in the laboratory and Sigﬂﬁﬁd ha typ(ij(.:f?l urbap scenar.io V\flith ﬁ\lﬁ_EBise dSt7ations (Bg)
to Interference plus Noise Ratio (SINR) calculations wily r and tnree ditterent frequencies from an (reuse 3)

tracing simulations to parameterize the Markovian moded (st0 m|n|m|zeAthe |lnterfer§ réczesGHbetwAeen 2the d|f2feé§ntGi|ector d
Fig. 2). By means of this Markovian model, a very effectivéNtennas (Ant) 1 use 2. Z, ANt. 2 use 2. zan

investigation of LTE for different scenarios is possible. Ant. 3 use 2.64 GHz center fre_que_ncy. L
The UE antennas have 1 dBi gain, a transmission power of

23 dBm is used and the UE noise figure is set to 6 dB.
C. Analytical Markovian Model

In order to model an LTE cell with many users and different
QoS requirements, a Markovian model (multi-class Erlang

DR M loss model) is used. Our idea is that the states in the model
| i MM =D ] kByte represent the LTE Resource Blocks (RBs) which are shared
H2H: 3 RBs are needed for DR_M: M2M data rate taken from between the H2H and M2M data links. The different user
250 kbit/s (from measurements) measurements for the SINR classes need a different number of RBs and each user class
calculated by ray tracing is represented by one dimension in this model. According to
Fig. 2: Exemplary one-dimensional Markovian model witdhe reduction of dimensions [15] a one dimensional model
M2M and H2H traffic with a different number of states per user can be developed.

The blocking probability for this model can be calculated fo
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Fig. 3: Measurement setup for bidirectional LTE performatesting with power measurement for LTE USB Sticks

the assumption that the inter arrival time for the arrivakra

As and services rate for every classs follows a negative SINR. )
exponential distribution. B <SINRm;z) ' ( v]“) L N1
According to [15], the stationary distribution., which Pii = N o gt T AN = e
. . -, SINR; VUmaz
characterizes in our case the probability thatRBs are l; kz—:1 (SINRmam) ( vk )

allocated, can be determined in a recursive way _ _ _
SINR,,.. is the SINR for which the highest data rate

7. o 1 c=0 can be achieved and,,.. is the highest velocity in the
Te = with 7. = i ase. > >0 scenario. For the presented resultsSANR,,., of 30 dB
S 7 e RECHE ’ and av,,q, of 150 km/h is used. A method how to estimate
c=0

the SINR in a real OFDM system in shown in [16]. The
where C is the maximum number of RBs used by an LTERarametersa and 3 control the intensity of the channel
base stationg, the offered traffic of class, ¢, the resources sensitive transmission scheme. For the Markovian model, we
of classs and S the number of service classes, i.e. dimensio#ivided the SINR inN = 3 parts and the velocity id/ = 2

of the model. The blocking probability,_ of classs and the parts. This probabilitieg; ; are included in the arrival rates
overall traffic loadY” can now be calculated as of the different classes of the Markovian model. The arrival
rate for each class is multiplied ky ;.

Db, = Z T and Y = ZC%- E. Energy Consumption for the FCD Transmission

The mean energy consumption for one FCD transmission
By means of the Markovian model, the impact of thean be calculated as weighted average of the transmitted dat

FCD transmission on the H2H communication is evaluateh = 1 kByte, the data rateDR; ;, the needed powep; ;

For the H2H communication, users with a constant dagnd the transmit probability; ; for the classes = 1...N and

rate of 250 kbit/s (e.g. video streaming) and for the M2M = 1...M of the Markovian model:

communication 1 kByte FCD per transmission are used. The

number of FCD transmissions is specified by the arrival rate. N M D

The Markovian model incorporates the same priority for H2H Ercp = Z Z (DR P 'pm)

traffic and FCD transmission. The service rate for the H2H =1i=1 "

users is set td /s and the offered traffic is adjusted by the P, ; is the power consumption of the LTE UE for different

arrival rate. For the M2M users, the service rate is caledlatSINRs and velocities as measured in the laboratory.

as data rate taken from the laboratory measurements divided

by the transmitted data (1 kByte). The number of RBs for the

M2M communication is set to 10 and for the H2H traffic weA. Laboratory Measurement of LTE Data Rates

evaluated how many RBs are needed for 250 kbit/s by the|n order to parameterize the Markovian model, we measured

measurements depending on the channel conditions. the LTE uplink data rate as a function of the SINR and the

. . number of allocated Resource Blocks (RBs). The data rate for

D. Energy Aware Channel Sensitive Transmission Scheme50 RBs (max. for 10 MHz) is illustrated in Fig. 4. For the
In order to save energy for the FCD transmission we propos®dulation and Coding Scheme (MCS) 8 and 120 km/h no

a channel sensitive transmission. This guarantees th&GBe data transmission is possible. It can be seen that the ifuen

is transmitted very often if the channel conditions are gaod of the SINR dominates the influence of the velocity. Hence,

the user velocities are low. We propose a transmit proligbilive divided the user classes for the Markovian model by 3

p;,; for classi, j of the Markovian model. The parameter different SINRs and by 2 different velocities. As velocitie

separates the different SINRs apgresents the classes with60 km/h and 120 km/h are used. The SINRs for the 3 classes

a different velocity. are calculated by ray tracing simulations.

IV. RESULTS
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Fig. 4: Lab. measurements: Uplink data rate vs. SINR f§f9- 6: Ray tracing: CDF of the SINR in the environment for
50 RBs per user and OFDM interferences different base station heights and tilt angles
B. Ray Tracing Simulation to Calculate the SINR one cell is evaluated. Hereby, the negative impact is rediuce

. L by the channel sensitive transmission. The parameters of
The map for the SINR in the urban scenario is presentﬁ¥e model are presented in Tab. I. In Fig. 7pthe blocking

in Fig. 5. In Fig. 6 the Cumulative Distribution Function Iy ; )
(CDF) of the SINR for different base station configuration robability of H2H users as a function of the arrival rate of
g 2M communication for different weighted channel sensitiv

is illustrated. We see that the base station hefghnd the tilt o ;
transmission schemes can be seen. For a QoS requirement

angle ha\{e a m.ajor influepcg on the SINR distr!bution. 20 O 10 % blocking probability for the H2H communication

base station height arf tilt is a good compromise for low h b f ECD 7 be i df ,6

and high SINRs the number of transmissions can be increased from 5
: per second without channel sensitive transmission to 173 pe

The distribution of the SINR in the used scenario is d . . . " .
. . . . . . econd with a very intensive channel sensitive transmissio
vided into 3 fractions with the same size to parameterize t%e

. . . ] a=4andg=4).
Markovian model with 3 different SINRs: For the range of these arrival rates the utilization of thesRB

« SINR < 12.5 dB: represe_nted by 8 dB SINR is the bottleneck of the LTE air interface. Although for each
« 12,5 dB< SINR < 21 dB: represented by 17 dB SINR5nsmission a random access has to take place, a collision i

« 21 dB < SINR: represented by 25 dB SINR the random access procedure is critical only for much more
The represented values are the weighted averages of @ers in one cell [17].

intervals.
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Fig. 5: Ray tracing: Map for the SINR in the urban environ- 9y
ment with 20 m base station height af tilt The main idea of the channel sensitive transmission is

that the users wait for good channel conditions to transmit
) the FCD. This concept works, because the FCD is not time

C. Markovian Model critical for the dynamic traffic forecast. Hence, the reallFC
By means of the Markovian model the influence of th&ansmission is much faster due to the higher spectral effi-
FCD transmission on the utilization of the LTE air interfadfe ciency. This has two positive effects: on the one hand side



TABLE I: Parameters of the Markovian model far=0 and =0

M2My | M2Mo | M2Ms | M2My | M2Ms | M2Me | H2H1 | H2H> | H2H3 | H2H, | H2Hs | H2Hg
SINR [dB] 25 25 17 17 8 8 25 25 17 17 8 8
Velocity (v, [km/h]) 60 120 60 120 60 120 60 120 60 120 60 120
Service rate g, [1/s]) 110 52 75 38 22 15 1 1 1 1 1 1
Number of RBs (c) 10 10 10 10 10 10 3 7 4 8 16 22
Measured power [W]| 1.50 1.50 151 151 1.52 1.52 - - - - - -

the negative impact on the LTE air interface is smaller arilesource-Constrained Analysis”, projects B4 and A4. Our
on the other hand side energy can be saved. We measuredatbek has been partially funded by the SPIDER project, which
consumed power for the LTE USB stick in the laboratory fos part of the nationwide security research program funded
different channel conditions (see Tab. I). Here, no patls loby the German Federal Ministry of Education and Research
compensation is assumed. The various channel conditises h(BMBF) (13N10238).
only a minor influence on the consumed energy. Hence, the

main part of the energy for the FCD transmission can be saved _ _ )
due to the better channel conditions and the resulting asté ¥, 7, Meriner Sauset ane ¥, CasaresCramment o ‘!
transmission. By applying the channel sensitive transomss  jocation in Next-generation Wireless Network$EEE Communications
with « = 4 and 8 = 4 up to 54 % of the energy can be saved Letters, vol. 12, no. 5, May 2008

; ; ; L. Zhang, B. Tiwana, Z. Qian, Z. Wang, R. Dick, Z. Mao andYang,
(see Fig. 8). Here, the SINR as well as the velocity dependlh% Accurate Online Power Estimation and Automatic Batterya&r Based
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