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Abstract—In this paper, we present a channel sensitive trans-  Next, we combine the results for single users via a Marko-
mission scheme which reduces the negative impact of Vehicle-to-yian model, which is introduced for OFDM systems in [3], to
Infrastructure (V2l) traffic on the Quality of Services (Q0S) of g\ q)yate the influence of many V2I devices with different QoS

Human to Human (H2H) communication in cellular networks. . t th Il cell ity For thi e
The performance evaluation of Long Term Evolution (LTE) Fequirements ontne overall cell capacity. For this purp

for different traffic characteristics is based on an introduced distribution of the Signal to Noise Ratio (SNR) in a cell is
Markovian model. This describes the utilization of the shared calculated by ray tracing simulations.

LTE Resource Blocks (RBs). The model is parameterized by lab- Tvoicall heduling decisi de by the b tati
oratory measurements and ray tracing simulations. We present ypically, scheduling decisions aré made by ihe base alato

blocking probabilities for an LTE network with heterogeneous 1he base station can distribute the spectrum to all sulessrib
V2l and H2H traffic and propose different transmission strategies which need to transmit data. Before the actual transmission
for V21 data with the goal to minimize the impact on human the registration of the users in the cell is realized by a camd
users. The results show that the number of V2I devices can be access procedure which has to be performed by every user.

doubled by using channel sensitive transmission schemes ensuring,, . .
equal QoS for H2H communication compared to periodically data gW'th the deployment of V2I devices, hundreds of new users

transmission. occur within one cell. Therefore, we propose a local channel
sensitive preselection of the devices, which are allowed to
|. INTRODUCTION transmit their data. The decision is based on a transmission

h | L itio| probability which depends on the SNR and the velocity. The
Orthogonal Frequency Division Multiple Access (OFDMA)higher the SNR for a device, the higher is the transmission

and Single Carrier Frequency Division Multiple Access (SGs,qpapility for the data of this user. This guarantees that

FDMA) based cellular networks are typically designed for, . qevices with good channel conditions can transmit thei
high data rate applications [1]. However, new services & “Thformation.

area of Vehicle-to-Infrastructure (V2I) communicationzst _ ) _ _

of Machine-to-Machine (M2M) communication can be found 1he goal of this paper is to evaluate the influence of dif-
in these systems. This paper is especially motivated by iiggent \./2I. transmission strateglgs including channel itgas
example of traffic jam prognosis, where devices in cars colidransmission on the user experience of H2H users. By means
sensor information - Floating Car Data (FCD) - and transmf?ﬂc the results, t.he maximum number of V2 connections
them to a server via LTE. In contrast to other V2| applicationin @n LTE cell is determined that can be served without

this data is not time critical, because the data can be tedec? Significant influence on the blocking probability for H2H
from a large number of cars. communication. Hereby, the utilization of the LTE RBs is

The characteristics of V2! traffic are different from H2HN€ bottleneck in our scenario. A detailed investigatiorthef
signaling procedure and the random access, which are often

communication [2]. Usually, V2I applications receive arts- o A ’ ! -
mit only a small amount of data. Hence, a heterogeneoffdlical in V2l scenarios, is not necessary in our approach,

framework for modeling V2l and H2H users is require®&cause this becomes crucially only for much more devices in

for performance evaluation. Typically simulations are cusé®"€ Cell [4]. In our case, the number of nodes is limited by the
to analyze scenarios with a huge number of V2I devicgdUmber of cars and the number of active devices is reduced
However, a lot of effects occurring in communication systenPY the channel sensitive transmission.

are difficult to model and simplifications are necessary. OnThe proceeding of this paper is organized as follows: In
the other hand, such investigations carried out in fieldstriaSec. Il, the related work for the performance evaluation of
are very complex and a limited control of system parametdrSE especially for V2I is presented. Sec. Il gives an ovewi
and the environment is given. Therefore, we perform measuebout the used system model including the laboratory measur
ments with real equipment by using a fading channel emulatments [5] and the Markovian model. The results regarding
in cooperation with an LTE base station emulator. Thereby)e number of possible V2| devices in an LTE cell and the
the performance evaluation of single users with differemg¢sulting distribution of the position of users in the saema
requirements regarding the number of RBs is possible. is described in Sec. IV. Finally Sec. V concludes the work.
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Il. RELATED WORK In the next step, the system behavior for many users in an
The inclusion of M2M communication into common traffic-1 £ C€ll is modeled by a Markovian approach. Assigning the

of cellular communication systems is one of the main goal e request to djfferem classes of resources, each elaies '
the standardization process of LTE-Advanced [2], [6]. Iis th scribed by one dlme(13|on Qf the Markowa.n model. According
context, the impact of hundreds of M2M devices on the Qotg the reduction of dimensions of Markovian models [16], an

constraints of normal H2H communication should be as smiil E Cell with users having different QoS requirements and
as possible. various SNRs can be modeled.

In [7] a study of the impact of mixed traffic on the LTE We divide the users by its requirements (Video streaming,

performance is presented. The authors of [7] focus on éiffer which is a typical H2H application and FCD for V2l UDP

multimedia and Internet applications. For the performan tﬁ; S'\je I;I'ab. % thz |SNhR ‘E?d Ii'he usetr) Vs:F’C“_V- Bybnl;eans
evaluation of LTE, field trials are often used in order to gnal of the Markovian mode, the blocking probability s evakat

the impact of velocity on the performance of OFDMA-baseff" different user behaviors and transmission strategies.

links. For example, the performance of LTE is evaluated by a

testbed in [8]. For throughput measurements, a monitorang c TABLE I: Overview of the different user classes

with an average speed of around 30 km/h is used. Hereby, |it Type H2H: Video streaming V2I: FCD
is very difficult to drive a car with a constant and preset spee|_Reduirements Data rate: 250 kbitls | Data. 1 kByte

; : Distribution of users Uniformly Channel sensitive
to evaluate the influence of velocity. # RBs Channel dependent Fixed: 10

To evaluate the channel conditions for cellular networks,
ray tracing simulgtions are a well known method. In [9}\: Laboratory Measurement Setup
coverage and achievable peak data rates for an urban afea wit .
a three-dimensional building model are investigated using. In the !aboratory, we are able to pe_rform close—to-reallty
ray tracing simulation for an LTE-Advanced relay scenario, nvestigations regarding an LTE cell with one user without

In [10] and [11], Markovian models are used to moddfxPensive field trials. The pgrameters for the measurements
OFDMA networks. Thereby, different states in the model afl¥® listed in Tab. Il. More o_letauls about the m_easuremeu‘pset
used for different channel characteristics. Markovian eted for a comparable scenario can be found in [5]. The setup
for resource allocation, where one state represents a pcagpposed of: ) )
of the shared resources, can be found in [12]. In [3], a* A Base Station Emulator (BSH)lows for the creation
multiclass Erlang loss model is introduced for OFDM systems ~ ©f & mobile network cell in a laboratory environment. A
Every state in the model represents one subcarrier. The same detailed parameterization of the LTE base station signal in
Markovian model is used in this paper, but we adapted the terms of modulation and coding scheme, transmit power,
model to make it more practice-oriented for LTE systems by ~(Hybrid) Automatic Repeat Request ((H)ARQ) and the
using the RBs as states. Furthermore, we parameterize the Number and the position of allocated RBs in the spectrum

model based on measurements and ray tracing simulations. IS possible. . . _
« The channel emulatorfades the signal in a predefined

I1l. SYSTEM MODEL manner. This includes fast fading effects due to mobility
and multipath propagation in the scenario. Furthermore, it
is possible to add different kinds of interference and noise
(for example Additive White Gaussian Noise (AWGN))
to the Radio Frequency (RF) signal. For the emulation
of the mobile radio channel the ITU Vehicular A channel
model [15] is used in the uplink channel.

The Device Under Test (DUTls remote controlled by

a client PC via USB. Due to the fact that the setup
is bidirectional, we establish a standard conform radio
connection between the BSE and the DUT.

In order to evaluate the performance of LTE, an efficient
system model consisting of a laboratory setup, ray tracing
simulation and a Markovian model is presented (see Fig. 1).
We measured User Datagram Protocol (UDP) uplink data rates
for single users depending on the SNR and the number of
allocated RBs per user. One RB is the smallest unit, which can
be allocated to an LTE user. The distribution of the SNR for *
the outdoor scenario is determined by a ray tracing simarati

_ States: LTE Resource Blocks « For application testing the BSE is connected to an
Markovian model: _ ;1 cnsions: User requirements Ethernet-based network in which iPerf runs on a server.
and channel conditions This allows for End-to-End testing between the server
Data rafe = and the connected client. We measured the UDP uplink
ﬁf(SNR, #RBs) ﬁCDF(SNR) data rates for a single user in an LTE cell as a function

Laboratory of the number of allocated RBs.
Ray tracing
mei;‘;i”;igtrzfor simulation B. SNR Estimation by Ray Tracing Simulations

The distribution of the SNR for an urban and a rural

Fig. 1: System model for the evaluation of the influence of VAutdoor scenario is determined via ray tracing simulations
communication on the utilization of the LTE radio interface The parameters for the simulation are shown in Tab. IIl. We



TABLE II: LTE system parametrization where C' is the total number of RBs in an LTE cel,, the

Measurement parameter Value offered traffic of class, c, the resources of clagsand S the
%arrierlfgeq%engyh LTE bz':md 7 ; number of service classes, i.e. dimensions of the model. The
Channel bandwidt 10 MHz (50 RBs : P :

Fast Fourior TransTorm Size 1024 blocking probabilityp,, of classs and the overall traffic load
Duplexing scheme Frequency Division Duplexing Y can now be calculated as

SNR 0-30 dB c c
User Equipment (UE) categor 3 (Samsung GT B3730) o _
RLC ARQ mode Acknowledge mode Po, = Z m. and Y = Z CTe .

Ray tracing parameter Value c=C—cs+1 c=1
Ray tracing model 3D Intelligent Ray Tracing [14] . . . .

UE fransmit power >3 dBm The Markovu_’:m modell mcorporates a Flrst In First Out
UE antenna gain 1dBi (FIFO) scheduling algorithm with same priority for H2H as
UE noise figure 6 dB well as V2| traffic. If the number of RBs requested by the UE
1 o . . . .
BS antenna opening angle 120 is available in the cell, the UE will get the resources. If the
Downtilt 3° .
Cell radius 200 ™ number of free RBs is smaller than the_requested number of
Noise Thermal noise RBs, the request from the UE will be rejected.

In the following, we use 12 different classes (two different
used typical urban and rural scenarios with one base statker requirements (V21 and H2H), three different SNRs and
and three different frequencies from LTE band 7 (reuse Byo different velocities). The arrival rate of all H2H usess
to minimize the interferences between the different sectors and we denote, as the arrival rate of all V2I users. For
Antenna (Ant.) 1 uses 2.62 GHz, Ant. 2 uses 2.63 GHz and and the same indices are used. The service rate for the

Ant. 3 uses 2.64 GHz center frequency. H2H users is set to 1 per second while the offered traffic is
) ] adjusted by the arrival rate. For V2I users, the service isate
C. Analytical Markovian Model calculated as data rate taken from the laboratory measateme

In order to model different resource requirements of useditvided by the data size (1 kByte).
in an analytical way, this subsection deals with a Markovian N o
model (multi class Erlang loss model) for the traffic withim aD- Channel Sensitive Transmission Scheme

LTE cell. Assuming that the inter-arrival time and duratwn ~ The number of active V2I devices is represented by the
customer service requests follows a negative exponerisial-d arrival rates of the different classes in the Markovian nhode
bution with respect to time, an analytical Markovian mod®t ¢ |t is well known that users with very bad channel conditions
be developed. Assigning the user requests to differensetasneed a higher amount of RBs than users with good channel
of resources, each class is modeled by one dimension of Hditions to achieve the same data rate. As V2! application
Markovian model. According to the reduction of dimensiongre not time critical in our scenario, we propose that the
of Markovian models [16], an LTE cell with different QoStransmission of V2! data should be channel sensitive. Fodgo
requirements and different channel conditions regardify tchannel conditions the V21 application transmits with ahieig

SNR can be modeled as shown in Fig. 2. Thereby, the probability compared to worse channel conditions. Henae, w
state denotes the allocation pfesource blocks from the LTE propose a transmit probabilify.

OFDMA signal. Moreover\; and s denote the mean arrival
and mean service rate of the classAs an example Fig. 2 B ( SNR )‘”‘ (’Umar)ﬁ

shows three service classes, clasallocates one RB, class SN Rymax
two RBs and clas$ allocates k-1 RBs.

v

p is normalized bySN R, ... which is the SNR for which
the highest data rate can be achieved and,py. which rep-
resents the highest velocity in the scenario. For the pteden
results, aSN R, of 40 dB and a,,,, of 150 km/h is used.

A method for estimating the SNR in a real OFDM system is
shown in [13]. The parametetsand g control the intensity of
the channel sensitive transmission scheme. For the MaRovi
model, we divided the SNR itV = 3 parts and the velocity
in M = 2 parts. The number of devices which transmit data

According to [16], the stationary distribution., which should be independent on the coefficianfTherefore, we have
characterizes in our case the probability thatRBs are to normalize the transmit probability:
allocated, can be determined in a recursive way

Fig. 2: Exemplary one-dimensional Markovian model

T 1 c=0 ( SNR; ) . (Umam )ﬁ
¢ 1 - .
Te = with 7, = S ~ _ SNRmax vj . .
c ZC:~ c 3 lemo . >0, Pij =N ” ﬁ,Z—l...N,j =1.M
iy =1 SNR .| Ymazx
c=0 ¢ ° Z Z <SNR7nlaa:) ( Vg )

I=1k=1



Here, p; ; is the normalized transmit probability for(PDU) size in the Radio Link Control (RLC) layer depends
classi, j. The channel sensitive transmission scheme impbn the incoming data rate. Therefore, the overhead for small
cates that the transmission probability depends on thengthandata rates is much higher than for high data rates. Hence, we
quality. This probability is included in the arrival rate tife measured the data rate for all numbers of RBs per user and
different classes of the Markovian model. The arrival rate f use these results as input for the Markovian model. We assume
each class is multiplied with; ;. If the probability should be that always the MCS which allows for the highest data rate is
very small for very bad channel conditions, the arrival fate chosen.
the class with a low SNR is very low, too. B. Ray Tracing

For traffic forecasts it is very important that the users’ ) . ] )
which transmit the FCD are homogeneously distributed in theFor the ray tracing simulation two scenarios are used
scenario. If only users with very good conditions transmitrban with a high building density and rural). In Fig. 4 the
their FCD, many users with a small distance to the pba§d/mulative Distribution Functions (CDFs) of the SNR for ot
station or with a LOS connection are active. This mears§enarios are shown. From the measurements, we identified
that no FCD could be collected from positions with a smalhat the impact of the SNR is stronger than the impact of the
SNR. Hence, there is a trade off between the impact of tMglocCity on the data rate (see Fig. 3). Hence, we differézdia
V2l communication on the human users and the informatidie users for the urban scenario according to the SNR into

content of the transmitted data. three fractions with the same size
The Theil IndexT" [17] describes how homogeneously the « SNR < 18 dB: represented by 12 dB SNR (mean value)
users are distributed in the scenario. « 18 dB < SNR < 26 dB: represented by 22 dB SNR
« 26 dB < SNR: represented by 30 dB SNR
T_ 1 i (ﬁ ~lnﬁ) and by the velocity into two parts
K 4 T T e vV < 90 km/h: represented by 60 km/h

1=

e 90 km/h < v: represented by 120 km/h

Thereby, thef scenario 1S divided inii parts, vvhere We The represented values are the weighted averages of the
used K = 16. z is the average number of users in one parrt\tervals

and z; is the number of users in pait Hence, the index is

null if the number of users per part is the same for all parts. *

The higher the difference of the users in the parts the highef°r
8

the Theil Index. 0.8]
0.7 -

IV. RESULTS L 08

8 05F &
A. Laboratory Measurements ° s

The UDP data rates as a function of the SNR for 50035 = =~~~ * = " " :
Resource Blocks (RBs) per user for different Modulation and o2} '
Coding Schemes (MCS) are described in Fig. 3. The descripe.1- . .
tion of the MCS can be found in [18]. We als_o m_e_asured 0= . s " 2 s 30 P 20
the data rates for other numbers of RBs and identified that SNR [dB]
the UDP data rate per RB is dependent on the number of Fig. 4: CDF of the SNR in the environment
used RBs. The main reason for the different data rates per
RB is the high overhead between Physical (PHY) layer arég . . . o
transport layer (UDP) for small data rates, because the aed- Markovian Model with Channel Sensitive Transmission

Access Control (MAC) padding and the Protocol Data Unit The FCD is relevant if the cars are on the highway and if
the velocity is low. Typically, the base stations are positid

directly beside a highway. Hence, most of the cars on the
v = 60 km/h highway have a LOS connection to the base station or a very

J

Mean: 12 dB . MBan: 22dB | * 'Mean: 30 dB

39 gs.Mese - v=120kmh || high SNR. By applying the channel sensitive transmission
e 1 schemes, many devices located on the highway can transmit
228 P 4 their data. Cars with a low velocity are on the highway in a
% zQPSKycis | traffic jam or are driving on the streets of the urban areareshe
el T o — the SNR is much lower than on the highway. Therefore, the
L S N . ;) QPSK, MCS 0 |

et B S, . system gets data from many slow cars on the highway, because
: : the channel sensitive transmission prefers users with a goo
SNR and a low velocity.
TR o We have shown that the available data rate strongly depends
SNR [dB] on the channel quality between base station and UE (see

Fig. 3: Uplink data rate vs. SNR for 50 RBs per user Fig. 3). Hence, the number of required RBs for a service
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TABLE Ill: Parameters of the Markovian model for=0 and3 =0

V2l V2Iy | V2I3 | V214 | V2Is | V21 | H2Hy1 | H2Ho | H2H3 | H2Hs | H2Hs | H2Hg
SNR [dB] 30 30 22 22 12 12 30 30 22 22 12 12
Velocity (v, [km/h]) 60 120 60 120 60 120 60 120 60 120 60 120
Service rate g, [1/s]) | 107.75| 46 48 42 10 5 1 1 1 1 1 1
Number of RBs (c) 10 10 10 10 10 10 3 6 4 7 15 18

with a fixed data rate depends on the channel quality, too (deensmissiond¢ = 4 and 5 = 0) most active V2| users have a
Tab. IIl). Thereby, different transmission strategiesareing LOS connection to the base station. Therefore, the digioibu
channel sensitive transmission are compared while 10 RBs & more inhomogeneoud’(= 2.31), but it can be seen that
statically allocated for the V2| users. users can be found in all areas of the scenario, too.

In Fig. 5 the positions of users with different channel The main advantage of the channel sensitive transmission
conditions in the scenario are illustrated. These resuks @f v2| devices is the lower influence of the transmission on
taken from the ray tracing simulation. The shaded areffe H2H communication. In Fig. 7, the blocking probability
describe the positions where the declared SNR is reached. §p H2H vs. arrival rate of V21 devices\,, for differently
example, Fig. 5a denotes all positions with a SNR higher thgftensive channel sensitive transmission schemes deggndi
26 dB. It can be seen that in this urban scenario many positigdh the SNR in the urban scenario is shown. This is the
with very good conditions (SNR- 26 dB) are far away from resylt of the Markovian model. The parameters of the model
the base station. This is due to the small cell dimension aggh presented in Tab. Ill. Here, a traffic for the H2H class
the LOS component which dominates the channel conditiogg Xs = 0.3 per second is used. For an arrival rate for
rather than the distance. the V2I class), of 74 per second and a transmission with

The distribution of all users in the scenario for differentv = 2 the blocking probability for H2H is 10 %. Compared
channel sensitive transmission schemes ffet 0) is a linear to that, the blocking probability is 35 % if no channel
combination of the maps illustrated in Fig. 5 and are shown gensitive transmissiona( = 0) is used. Or rather, if the
Fig. 6. The fractions of this linear combination arg;. A very blocking probability should be smaller than 10 % (for QoS
homogeneous distribution is reached without channel Semsi requirements) on average 74 V2| devices can be served per
transmission{ = 0.41). For a very intensive channel sensitivesecond if they transmit channel sensitively and on average

-400

-400 .

-200

y-postion [m]
y-postion [m]
o
y-postion [m]
o

200 200

400 200 0 200 400 400400 56 0 200 200 400 0
x-position [m] X-position [m] x-position [m]
@) SNR > 26dB (b) 18dB < SNR < 26dB (c) SNR < 18dB

Fig. 5: User positions of the different SNR classes in theaarbcenario; base station at position (0,0)
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y-postion [m]
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o
y-postion [m]

400—400 -200 0 200 400

-400 -200 0 200 400

-200 0 200 -200 0 200
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Fig. 6: User positions for data transmission using diffeiatensive channel sensitive strategies in the urban sicena= 0;
base station at position (0,0)



34 V2l devices can be served per second if they transmliégpending on the SNR and the velocity is used, although the
without channel sensitively. Hence, our approach reaches same average UDP data rate for all users is reached. Hence,
enhancement of 117 %. If the channel sensitive transmissiour appraoch is able to handle more than double the amount
scheme also depends on the velocity, the blocking prolabilof V2I users, while ensuring the same QoS level.

can be further reduced, because the data rate is higher for ACKNOWLEDGMENT
smaller velocities (see Fig 8). For a blocking probabilify o

10 % , 90 V2I devices can be served per second# 2 and  Part of the work on this paper has been supported by
B =2is used. Deutsche Forschungsgemeinschaft (DFG) within the Collabo
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