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Abstractd The increasing compl exity iForthis puappsesa competel LEE nedwork hiaskeed-mo
enforces the need fomore sophisticated ad more realistic sinu- elled for the entire city area of Hannover, as described in
lation scenarios It is a pre-requisite to cope with the effects in  Sectionlll of this document. By using real 3D building data, it
real heterogeneous networksn order to allow the exploitation of  allows for realistic pathloss predictions and realistic network
their inherent heterogeneity. This paper describes the first ve:  planning. In addition, sophisticated modelling approaches for
sion of acommon/fi e doduys simulation environment in the  macroscopic traffic and individualser mobility have been
city of Hannover. A complete LTE network, which has been  empioyed, in order to get a realistic baseline for the simulation
modelled for the entire city area. In addition, sophisticated md- of subscribers in the nebrk. as described in Sectidsh Both
Eg‘gﬁ 2%’5%?%?;“‘1?&&2?2'typfgﬁsigﬁnngd ;Ogg?ntfngsﬁ;%ehna;r?o sectionsare partially based on an internal documééi of the
ensures the comparability of simulation results, which are based SEMAFOU.R project. Tie described scenario prowck;e the
on this scenario starting point for the development and implementation of the
' mentioned SON algorithm3hey might also be used in dert
Keyword$ realistic; scenario; environment; systefievel; ~ With other advanced netwogkgorithms, whicttake the timely
pathloss; traffic; mobility, varymgtchannel conditions of a plethora of different users into
account.

I.  INTRODUCTION . . o .
Nevertheless, the current simulation scenario is subject to

For the development and the evaluation of mechanfem change. We hope that other researchers will usehénein
mobile networks, an adequate system model is an importagéscribed scenario data and provide us with their feedback on
foundation. Deviating assumptions and implementations ofhe usability or other needs. Most probably, this process will
such models render it difficult to compare and reprodeee r reveal simulation and/or environmental aspects that need to be
search results. Common simulation scenarios are therefogtimised in future versions of the simulation scenarios, in
important for theefficiency and quality of research in this area. order to cope with the special requirements of the individual

Widespread simulation scenarios, like those proposed sesln order to ease thaitial work, thescenario definitions

the 3GPPrely on regular geometries and uniform user distr Of thel Hann ov e r arSmaidedas traceln a con-
butions Thus they cannot represent the fine shades of real dion input format, which is specified in Sectitvi of this
realistic, complex, heterogeous environmenf{d] [2]. document.

In order toprovide actual means for the research comm 1 NiS document is organized as follows: Sectiodescribes
nity to shift fromsimple simulation assumptieto a far more ~ data sources arsimulationmodels.Sectionlll gives an ove
reasonable degree of detaiht lowestcosts anceffortsi this ~ View of the general TE network inthei Hannover. Sce
paper aims at providing common simulatioenvironment in ~ S€ctionlV explains the data formawhich is chosen for the
the city of Hamover, Germanyit ensures the comparability of Provisioning of the dataSectionV completes the document
simulation results, which are based on this scenario. FurtheVith a briefconclision
more, it allows researchers bringing ithéocus back to He I

actual development of smart algorithms instead afiventing ) _ )
simulation scenarios again and again. In this section the general data sources for the scenario

i ) . compilation are introduced-his includestte description of the
The idea has been proposed alfeaome time ago if8]  employed geo data for the generation of the scenarios and the
and [4]. The actual realisationf the environmenthas been nathioss predictions. Afterwards, an overview of the used m
accelerated@sbeingpursuedn theF P 7 p rSENIAEQURD i jjity models is provided, as well as a brief explanation of the
(2012/09 to 2015/08)which aims at the design and develo process on how to derive pathloss predictioits the chosen

ment of a unified semanagement systenthat enables the propagation models. Last, this section describes the data traffic
network operators to holistically manage and opeth&r  model.

complex heterogeneous mobile netwdis

ENVIRONMENTAL DATA AND SIMULATION MODELS



A. Geo Data resqu_tion of 10n. A pi>_<el_ is rege_lrded as being cover_ed by a
For the generation of the scenarios and the radio pespag@d, if @ street vector is in the vicinity of up3an. 29 diffe-
tion pathloss predictionseveral data sources have been used®Nt road types are mentioned in the OSM database for the area

ranging from commercially available ta like 2.5D building of Hannover, but since no further distinction is needed for the
information, to GPS road traces available from the rope land-use data, all of them are treated equally as the-Uaad

StreetMag7] project. class firoado.

1) 2.5D Building Information 4) LandUse Data
Commercially available 2.5D building information has Landuse data has beertected from the OpenStreetMap

been chosen as one source of data foistemario generation. Project as well. Since shape data is not a practical repaesent
Here, the shapes of individual buildings are provided as closélP" in this context, the vector data needed to be transformed
2D polygons, with associated height information for the wholdNt© @ pixetmap with a resolution of 1@ along both axes.

city area of HannovefThe data is used to calculate optical During the discretization, all shapase discretized a}Iong this
outdoor predictionsas described in subsiest C.1), and in raster. If two or more shapes exist on the same point, the shape

order to derive theuidoorto-indoor predictionsas described with the smallest area is chosen, since it is considered to keep

in subsectiorC.2) the most detailed information. As mentioned, there arerdiffe
ent possibilities to tag shapes ane tfficial documentation
2) Geographic Information from OpenStreetMap describes more than 1000 associations. Therefore, an extensive

OpenStreetMap (OSM) is an international project foundedist of OSM to landuse class mappings has been derived in
in 2004[8]. It aims on providing a free world map for ejrer order to reduce this deésformation to a usable degree of i
body. Its concept is comparable to tbee of Wikipedia: formation. The result of this filtering and distization process
everybody can participate with smaller or larger contributionsgs 12 different laneuse classes (including roads).
and everybody is allowed to correct any information that is . i
available. Here, geographic information about many things are ' aPle1 presents the respective association of values; land
collected, e.g.: streets, railroads, waterways, Spablaildings use classes and arithmetic RSBBIOL” mode!trlplets. E’lxels
and forests. Nowadays, individual shops, recycling stations a’\ﬁie longing to fAlUndefinedo (mea
even individual trees or traffic signs are included in the OS any shapes at all) are as

database. Additional information to the shapes in the databa%gﬁ’ya ceo. Thu smap contans Values dm 2poilZ, e |

is stored i n Aivadugmio repreented Byg ~17s a key
st_rings, Whi(_:h allows storing e_llmost any informationowever Value Land-use class Arithmetic RGB triple t
this makes it hard to automatically digest the database. 1 Undefined (0.80, 0.80, 0.80)
Every shape in the OSM database is stored in the decimal 2 Sealed surface: (0.30, 0.30, 0.30)
format of World Geodetic System 1984 (WGS84) coordinates. 3 Roads (0.00, 0.00, 0.00)
In order totransform the contained shapes into input data for 4 Railway track (.00, 1.00, 0.00)
thescenario compilatiodistinct steps have to be done. 5 Small building (1.00, 0.60, 0.78)
First, the information contained in the database needs to be 6 Buﬂdlng. (1.00, 0.00, 0.00)
filtered. Depending on the desired content, this can bk cha 4 Commercial (0.70, 0.00, 0.00)
lenging. Since there are on strong type definitions or 8 Industrial (1.00, 0.60, 0.00)
enumerations, all tags and value combinations need td-be fi 9 Wasteland (0.60, 0.20, 0.00)
tered on a string comparison base. Once this task has been 10 Forest (0.00, 0.50, 0.00)
done, the coordinate system needs to be projected from 11 Green space (0.00, 1.00, 0.00)
WGS84 to GK4 (as the Cartesian coordinate systémeh is 12 Water (0.00, 0.00, 1.00)
officially used in the area of Hannoyem case of vector data, Table1: Landuse class encoding in®GB colours

like for building shapes or as the base of SUMO (Simulation of
Urban MObility) simulations, this data can be used sttaigh In Figure 1, the specified colour triplets have been applied
forward. In case of raster data, like for lamse maps, the to the map of landise classes for the city of Hannover.
shapes have to be prioritised and disaedi along a pixel .
raster. B. User Mobility Models
One very important aspect in systégwel simulations is
3) Road Data the dhange of the environment over time especially in terms of
Road information has been extracted from the OperiStree arying spatial traffic. This means, for the simulations of-ind
Map project. Both, raster data and vector data are used. The;" 47, g | user movements, the us.
vector data has been employed to generate user traces-for Biterent approaches, ranging from static indoor users to highly

destrian and vehicular users. mobile users, as briefly described in the following subsections.
Raster data has been derived in order to incorporate thel) Static Indoor Users

roads in the landise data. Therefore, a pixelap with a res- The simplest form of user fi

lution of 10m along both axes has been computed. Since g qiion remains constant over time. These static users are

street vector does not provide any informatioowdlihe area it useful in order to generate network traffic, which isagted

covers, its width is set to 10 for the time being. This assures | iun “cartain positions but no actual movements. Nevertheless,
that roads are properly represented in a pixap with the



the static user trace files are of the same format as the mobile3) Pedestrian Users
user trace files apart from the missing time stamp. Pedestrian users are generabgdusing a simulation pa

2 proach stated ifil1]. Figure 3 shows a part of the mobility
Water scenario that has been generated. Buildings are represented by
yellow blocks. Path ways provided in the OSM database as
Green space well as automatically generated potenshlbrt cuts a pede
Forest trian might also take when leaving the path are shown with
black colour. The calculation of these short cuts is based on
Wasteland Voronoi diagrams. Connections between both types of path
ways are shown in red.
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Figurel: Map of landuse classes for thaity area of Hannover

2) Vehicular Users (SUMO)

Vehicular users are generated using a highly realistia-sim
lator, named SUMO (Simulation of Urban MObility). SUMO Figure3: Possible paths for pedestrian users taken ftdih
is a freely available microscopic road traffic simulafét, )
which simulates cars travelling along the streets. The actu&t- Propagation Modelor Outdoor Antennas
mobile users are inside their cars. The simulation capabilities In this sulsection the principle process to derive pathloss
of SUMO include lane changes, overtaking of cars and-accepredictions is described. The propagation models are sketched
eration and deceleration. Especially in situations close talong with tfeir general settings and considerations, which had
junctions or crosags a queue in front of the traffic lights can been used for the creation of theHanno v e r. SiBoe e n a
be observed or the following of rigbf-way rules. In other threedimensional building information has been accessible for
words, the simulated users are interacting with each other, whiale city of Hannover, a ray optical model is best suitable for
leads to very realistic user positions and movements. The wopathloss predictias in this area. More details on ray optical
on vehicular userén thefi Ha nn o v e r haS beerdea r imodeélling, in particular on ragracing and rayaunching can
scribed in[10]. Figure 2 shows a visualization of a part of the be found iN12].
mobility scenario that has beenngeated. The users are repr
sented by their individual cars. Several traffic lights can be
seen in the picture, as coloured lines across the road. 1) Ray Optical Outdoor Predictions

A ray tracing model (called the ray tracer in the following),
hasbeen used to predict the outdoor coverage of the cells in
this scenario. This predictor looks for the ray optical prapag
tion paths between the transmitter and the receiver antennas.
The ray tracer follows the concept of stiltiding the model
into submodels as described ifiL3], [14]. Here, a Vertical
Plane Model (VPM) and a Mui?ath Model (MPM) have
been used. The MPM model is based on the approeeh d
scribed in15] and recognises the following types of paths:

1 Reflected paths are considered up to the second+efle
tion. Reflections can have a maximum image source
distancq12] of up to 1000m [13].

1 Scatterepaths are considered up to a maximust di
tance of 500n between the transmitter and the
receiver. Scatterers are searched up to a distance of

Figure2: Vehicular users (SUMO) 550m around the base station according to thd-fin

ings in[13].

The VPM uses the fallwving approach:




1 In case of LOS the pathloss is calculated based on\&ectorshape of the building might differ from the pixehp,
distance dependent selection, which uses the fresince the shape has been discretized along the raster every
space propagation loss (up to 20)) the Okumura  10m. A pixel is considered as being empty or covered decor
Hata model with sulirban correction (beyond 500)  ing to that saming point.
and a transition model in between. D. Data Traffic Model

1 In case of NLOS the paths over the rtamfs are co- ' i - )
sidered. The total pathloss is the sum of the pathloss Bes@es the user mobility, the load of the_ cells in a cellular
(as stated for the LOS case) and a diffraction loks caSystem is mainly influenced by the data traffic the usersrgene

culated according to Deygofit6]. ate or request from the internet. Simple models like full buffer
o or fixed rate do often fail to c&yre the dynamics of real imte
2) Outdoorto-Indoor Predictions net traffic. Therefore we provide a model which is based on

The prediction of areas covered by buildings is done in gmeasurements in mobile and fixed networks.
subsequent step, badoddhdompra AGround Outdoor ) . '
proach[17] [18]. | R Groun'd Outdooro r equelalic medsl compises dats yaficyoply. voice taffi
coverage at ground lel; which is usually predicted for mobile IS NOt included (there is a profound base of voice traffidef®
terminal heights of 1.Bn. The signal level on the inside at available in literature; we g.refer to[21]). We base our model
ground level is directly related to the coverage on the outside §ff measurements of cellular data traffic and usemaviour
the same heighfThe prediction model is described [b8]. 2] [23]. We only consider data being sent over HTTP and
According to this publication, outer walls are contributing with 1T TPS, since most applications on mobile devices use HTTP
very individual attenuations between 5 anci20 So a general and HTTPS for data transfgg2] [24]. This comprises web
attenuation of 1@B has been chosen for the predictions, whictsurfing using a browser, smled smartphone apps, and appl
has also been used in other publicatifig [20]. Based on the cation markets. Please note that this also includes mobile video
distance between the respective indoor position and the ou@pPlications such as YouTube. In total, HTTP and HTTPS
wall, a linear attenuation of OdB/m is added to the pathloss, PaSéd applications account for more than 80% of the traffic

according to the findings reported][i8]. volume on mobile device@2] [24].

The above mentioned approach can be summarized-as fo The dynamics of int_ernet traffic are mainly influenced by
lows (cf. Figure4): For each indoor pixel (coloured pink), there WO effects: On a large time scale, the user or an autonomously
are several, potentially dominant ways, in which the signa@‘cung application decides to send or request a certain amount

could propagate from the outside to the inside. Each of theff data. On a smallefme scale the transport protocol (kyp
causes individual attemtion to the signal, which can be-e cally TCP) fragments this data into packets and controls the

pressed as the excessive pathloss between the refere ale at which these packets are sent. In our model, we resemble
point/pixel (coloured orange) and the indoor pixel. Since latef1€S€ two effects.

on, the strongest received Signal should be used, it is not suff We neg|ect the influence of the network on user and.app]
cient to only check for the lowesutdoorto-indoor pathloss.  cation behaviou(e.g. a user not checking his mails because the
Consequently, the received signal power in the reference pixeddannel quality is bad). This allows us to-generate traces of
has to be computed first, based on a masked pathloss-predhe user and applicatidrehaviour. Orthe contrary, the tran
tion. Second, the excessive pathloss for the propagation frogbrt protocol is directly influenced by the actions of the radio
the outside to the inside of the buildihgs to be added. Last, a network. Theefore, it is not useful to generate traces on packet
comparison (max value) of the received signal power throug |evel. Instead, we describe the behaviour of these transport
out all possible paths needs to be done. This will result in th@yer effects here, so that they can be implemented in the sim
predicted indoor signal strength for the respective pixel. Notaation models. For simulations on a coarse time scale, it might
unlike for outdoor predictions, the indidal signal paths do not benecessarto model the detailed effects of the transport
not add. protocol. To avoid excessive implementation effort for such
simulations, we also give a second, more abstract model for the
transport layer.

The following two subsections describe the models of the
two effeds and their data sources.

1) User and Application Behaviour
The user and application model specifies which user sends
data at what time and what the corresponding data volume is.
Following the HTTP communication pattern, the data trassmi
sions in our modelra grouped into exchanges, where each
exchange consists of a request object (uplink) and a response
object (downlink).

Figure4: Outdoorto-Indoor mapping approach on pixeiaps The structure of the model is depictedrigure5. Request

Please note: due to the resolution of the used marfiects are generated at the mobile and queued in the uplink
(10x10m), it is a common phenomenon that a small buildin Qﬁer- According to the_ scheduling decisions, they aresiran .
might consist of only one or two pixels. Moreover, the rea itted to the base station and forwarded to the server. This



generates the corresponding response object and forwards it to 1.0
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Figure5: Queueing model. Transmissions of different mobiles are indepen Figure6: Object size CDF
ent,except that they share common radio resources.
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The proposed model is based on two distributions oflhhe o I
ject sizes (request and response), a distribution of the number osl
of exchanges per day and user, and a diurnal cell load profile. '
For the developmentof our model, we make the following I 4
assumptions: 0.6 &
— ¥
1 The number of objects sent per user and day is-ind g
pendent anddentically distributed (i.i.d.) and follows 0.4 !
a lognormal distribution. I H
f The objectsd sizes are i.i.d. i J—
1 The time ofday the transmission of aibject starts is 02 ; ; ref. [23]
independent from its size and other objects. I . | Bl
Note that we currently neglect dependencies betwedn mu 0 10 1 10 1 ¢ 10®
tiple exchanges, as they are typical in a web session. The v [bytes]
modelling of such an interdependency remains for further Figure7: Dally per user volume

study.
In the following paragraphs, the components of the data The capacily of a simulated network depends on maay p

' : : : . rameters, e.g. technology, bandwidth, carrier aggregation,
traffic model are derived from data available in the literature. MIMO modes, and scheduling algorithm. A fixed traffic model

a) DownlinkObiject Sizes would prohibit researchers to evaluate their scenario under load

The distribution of HTTP response object sizes is heavyconqmons which are realistic for their technolpgles._ Therefore,
tailed and only slightly differs between fixed and wirelessVe introduce a scaling parameter for our object sizes, so that
networks[24] [25]. We base our model ahe HTTP response researchers can adapt the load to their needs.
size distribution published {i25], which provides a represent The intuitive way of scaling the object sizes is to multiply
tion of the empirical object size distribution fuilett as a  he gpject sizes ith a constant factor. However, that leads to a
mixture of three lognormal distribution functions. The pagam proportional increase of the size of small objects and large
ters of these distributions are givenTiable2. Figure6 shows objects. Small objects are used for signatlikg applications,
the cumulative distribution function (CDF) of the responses g checking whether new mails have arrived, transmitting
object size. It also shows the sizsed response object size yped characters in weforms, delivering chat messages etc. It
distribuion function, which illustrates the amount of data ajs not reasonable to increase the size of such objects. Instead,
certain obje<_:t size contributes to the overall downh.nk trafficye want to increase the size of larger objects (such as applic
volume. While more than 80% of the response objects havgyn ypdates or videos). Hence, we raise the sizes of the objects
less tharp mbytes, they only account for about 20% of thetq the power of a ey introduced parameteo . This results
traffic volume. in a significantly increased size for large objects, while the size
of small objects increases only marginally.

W m S
0.55 5.7 0.6 To be able to fill the proposed LTE network scenario to a
0.4488 8.45 1.2 significant level, we sab p& o Y o owhich results in an
0.0012 13.05 1.55 increase of the average object size by factor 20.

Table2: Parameters of the response object size distribution accord2jto b) Uplink Object Sizes

Here,ma_nds_ denote the mean and the standard d(_ewathn of the associated We model the size of upIink objects to follow the sanse di
normal distribution, and w denotes the share of object sizes drawn from the,

respective distribution. tribution as that of the downlink objects, but apply a different



exponentw . We configurew such that the uplink data of moderate to high volume smartphone users. We design our
volume has a relation ; to the downlink data volume. reference scenario to lie on the curve publishdd2h

We model the size of the request objects to follow the same Given the distribution80 @ and™O w , we did exper
distribution as the response objects, but scale it by a faeed ments with differentistribution functions to find a function
tori ; . "O o such that the distribution @f matchesO w . For the

) . input data described here, a lognormal distribution wah p

[22] observed an average ratio between uplink angdd 3 met ers & = 8 and & = 1. 4 P
dowrlink of pfp. The authors of26] observed in a large a nd & d e n ordéhe standard desiation ofahe assoc
measurement in 2010, that the factors between uplink angeq normal distribution. Figure 3 depit®sa , which is the
downlink are highly different for different smartphone rsse  regyit of the sum over all objects. Note that, when applying the
According to their results, about 80% of the users have morg ,onengy | the resulting volume per user per d@yo will
downlink traffic than uplink traffic, and the median lies at theyiga
ratio ¥. As the base for the magaement in[26] is larger, and
we assume that the uplink traffic increases dusoimal web d) Transmissia Time

services, we definé P . This results in® For every object ;, we draw a random transmission time

p® P x .Note that the size of the request and the response 0fi ; from the distribution functiofO @, which models the
each exchange are independemt it is possible for aingle  diurnal network load profile.

request to be larger than the corresponding response The authors 0f23] also provide data about the diurnal and

¢) Number of Exchanges per Day weekly load cycles of the network. We do not model the

The number of exchanges per user and day in a celluldfeekly cycle, but use the data on the diurnal load distribution
network is not known, but some information is available on thé0 produce a diurnal load profile for our traffic traces. As the
overall data volume received per user and daytiWs chose a authors only provide six samp points, we fit a function to
distribution of the number of exchanges per user and day suéfe given values. We assume that the same load cycle repeats
that the overall download data volume matches the measuréyery day and therefore use a linear combination of sine and
data. Note that the following calculation is based on the objecfsine functions. Although this fitting function is a bit more

transmitted in downlink direction onlyith the exponet complex than a piecewise linear fit,thithis function we can
setto 1. easily extend the load profile to multiple days without getting

_ . . unwanted discontinuities. The function
If we consider a total ofYusers, every user transmits

exchanges per day, with N 0 and’@ pRY.{ has the di- 10 V@X CAPEE O p& XD O
tribution function® . We denote a response obj e @ PPEL [0z P PG O
Yi M Y whereOs the index of the exchange sent by U8er  mogels the diurnal load profile. Hefeis the aggregated

The response object size has the distribution funé@o@ .  network load in gigabytes per hour and t is the time in days.
The downlink data volume generated by uSBver one day, Figure 8 display the diurnal load profile frorf23] together
0 N W, isthen with the fitted functiod o . Integration of this function and
normalization to a probability sum equal to one results in the
o [ following cdf:

MO0 MWToxd TWOTOGACE O )

. o e L QPP 0 TMIMmwagd” o

From this sum, we get a distribution functi@w of the T8 T $ S&f o e
daily downlink data volume per user. Because the response

object size distributiofO ® and the distribution of the 20 . , . . l

downlink volume transmitted per user per d&® are : - ; :
known, we have to construct a functit® w such that
!‘Od) !‘o(b. la_AA. ......... .....
The authors 0f23] and [22] published data on the data
volume generated per user and da@] analyzed a one week 0f-- ' -

trace from 2007 of all data tratfin a life natiorwide cellular
network. [22] analyzed more recent data collected from 33
Android smartphone users over a period of several months. We
extracted the data from both papers and reproduced tree corr
sponding cumuative distribution functions in Figure 3. There

is a difference of two orders of magnitude between thesmea %o 0.2 0.1 0.6 08 0
urements 0f23] and[22]. Reasons for this large discrepancy time in days

lie in the differences of user populations, devices and pricing

schemes of the two studies. The sampl28j contains many Figure8: Diurnal load profile

low volume data users, wherg@®] only contains a small set

cell load in GBytes/h

=
T




For each object which is transmitted in the network, we For the results of different studies to be comparable when
draw a random number froi® 0 to determine the time the using a real world TCP/IP stack, ypeopose the parameters in
object arrives at the base station. Under the assumption thBable 3, in addition to the parameters of the bulk transfer
every object is immediatelyransmitted, the resulting load model.
profile corresponds to the one[@B].

backhaul capacity unlimited
2) Transport Layer Behaviour backhaul delay (oneway) 25ms

To suit the requirements of different simulation studies, wesackhaul packet drop probability 0%
envisage to provide two transport layer models with differentplink queue management backpresste or droptail
levetof-detail: downlink queue management drop-tail per mobile

In the bulk transfer modelobjects arrive at the mobile or UPlink queue size ~ maxrate 100ms
base statioms a whole. The respective device can immediatelflownlink queue size (per mobile) max rate 100ms
start transmitting the object. The transmission duration dependiaximum transfer unit size 1500 Bytes
on the wusero6s channelplingurel icangestionicanteol algogthme d u ICUbiEg  di s c i
amount of radio resources allocated to the user and maybe Table3: Network parameters for packevel model
other system properties that are specific to the simulation. The
request object starts to be transmitted at the time drawn from |||, LTE NETWORK IN THERi HINNOVER SCENARIOO

the distribution functiofO 0 (e.g. the values from ¢htraffic
data trace file). After the request has been transmitted in uplin
direction, the response object starts to transmit in downlin
direction after a delay @ L T i, which models the
roundtrip time between the base station andgbever.Figure

9 depicts thesequencef an exchange.

The current evolution of this scenario consists of a macro
llular network, which covers mainly the suburban and urban
regions of the city of Hannover. The area of thédlanno v e
S ¢ e n aforiwhioh the network is planned, spreads over
20x24 km?2. In order to minimise border effects in actuabisim
lations an area of only 3xBm? is considered for simulation

mobile base station purposesandwill be used for the collection of user and/or cell
start request statistics.All users mobile and static users reside in the inner
area, onlyBesides, all pathloss predictions for this scenario are
i req currently made for a height of 15 above ground. In theuf
d ture development of this scenario, pathloss prediction ldgers
rea-res different heights are planned. In particular, to cope with the
effects ofmoving users in buildingf29] and indoor deplg-
dt,res ments of pico and femto cells on different stord@.

The base staihs used in this scenario are realistic, which
response means rjclo_se t o the_ reali_tyo,
real base station locations n@ral base station configurations
Figure9: Sequence of an exchange. The transmission time of the request ahd@ve been used. So farsmglelayer network for LTEL800
theresponse depend on the channel quality, resource allocation, and the singgs been plannedhased on publicly available data from the

of the request or response, respectively. regulatory authority ofrom publicly reported sites, using an

The packetevel model includes a detailed TCP model andg?ar%t'evde t%gcesgar?; p;e;tr;r:mgagr? dstzgtmc;n:‘zane(z\r;v. rE”efebsgn?etry
thus adapts to a userdés &hr IanWrPiuﬁng |’nt hteh e, eBe'evm)lfe l&é%s'an%tﬁuveErE
change is transmittein a separate TCP connection. After they o4 tor coverage holes. Finally, this process resulted in the
last bytes of the request arrive at the server, the server Sta]ﬁ%twork presented herein: In totall95sectors for the
transmitting the response immediately. This resembles t%OOMHz bandhave been pianned
behaviour of HTTP 1.0 without considering a thinking time at
the server. Table4 states the relevant aspects of this scenario and the
providedmodels.

TCP is a slidingvindow protocol, where the window size

is continuously adapted to the properties of the communication Scenario LTE 1800

channel. This adaptivbehaviourleads to a close interaction “Coordinatesofthe E: 00000 ém)32 000
between physma] and MAC Iayer_ mechanisms and thes-_tran planned area[m] N: 00000 ékmR 400
port protocol, which has to be takamo account when studies Eoxa: 4336000.. 4356000 (26&m)

are conducted on packietvel. Because TCP consists of a set of Ng 4 5794000":“ 5818000 (24n)

algorithms to control theehaviourof sender and receiver » 480Kkrh20 S
behaviouris complex and it is difficult to model it in arba
stract way. Therefore, we recommend $& & real world TCP

implementations in the simulation. One way to integrate the Coordinates of the  E: 08500 ... 11500 (8m)

TCPI/IP stack of the Linux kernel is to use Metwork Simu- scenario area [m]  N: 11000 ... 16000 (km)
tion Cradle (NSCJ27]. Another way is the use of virtual Eqka: 4344500 ... 4347500 (@n)
machines as described[28]. Ngka4: 5805000 ... 5810000 (&m)

15km?




RATs / Layers LTE (1 layer) bestserver map of the LTE network. The files are described in
more detail in the following subsections.

Macro cells LTE 1800: 195 =20
TX power: 46dBm

Micro cells None

Smaller cells None

Mobility patterns  Static Indoor User€10000)
Vehicular Users4620
Pedestrian Use($247)

Table4: Scenario card: LTE800

Northing [km]

Figure 10 shows the geometry of thmacro cellular nie
work at 1800MHz for the whole planned area of 20x2#:2.

24

Easting [km]
Figurell: Best server RSRP an@twork geometry: LTEL800

Figurel2indicates the best server areas for LT&D0.
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Figure10: Network geometryor LTE 1800 60
Figure11 shows he best server Reference Signal Received 40
Power (RSRP) for LTE80Q along with the network geometry
of a smaller part of the scenario. 20
IV. SCENARIODATA AND FILE FORMAT 6 8 10 12 14 i 0
ThelC1004 fAHannover Scenarioo .... .. Fasigkm __ ——~___ _d
from the websitenttp://www.ifn.ing.tubs.de/sirscenario The Figure12: Best server areand network geometry: LTES00

data can be used free of charge for any kineéséarch project,
provided that the terms of use stated on the website are met. A. Trace Files
The scenario data includes two sets of 3 trace files adding
éJR to a total number of 6 trace files. One set of trace files is
edicated to the mobile users, the other one is dedicated to
tatic indoor users. The tBace files of a set are describing

The scenario data is delivered in a ZIP file, in order & pr
vide easy access and to reduce the disc footprint. The cont
comprises of text files in ASCII format (CSV withgitis). The
format is platform independent and allows easy debugging: . X ; ;
because it is human readable. In addition, it is possiblerto hatiferent aspects of the users in the simulation, i.e. the user

dle these files with standard linux command line tools, likePSitions, the channel quality and the data traffic demanel.
grep. information in the trace files can be mapped to an individual

user by a unique user IDs. Haline in the trace files contains

The scenario data consists of 6 trace files specifyiagg-  an information update for one us€ields are delimitedby a
ers in the network, a network file containing the cells e mi c o | A more(détailéd)description of the trace files
definitions, a laneuse map of the Hannover Scenario and aan be foundn:


http://www.ifn.ing.tu-bs.de/sim-scenario

1 User Position Trace File, described in subsection Mobility Type User ID Range

IV.A.1) - _ _ . Vehicular Users 0 é 46

1 User Channel Quality File, described in subsection PedestrianUsers 10000 é
IV.A.2) . _ . _ _ Static IndoorUsers 20000 ¢é

l IL\J/S'(ZI’S)Data Traffic File, described in  subsection Tableb5: User ID ranges for the individual mobility types

This allows to read the files in different parts of a mogula  For a better readability, this document shows spacéein
ized simulator. file examplesbetweenthe fields. These spaces are omitited

. ) the actual trace files.
The scenario incorporates &8 mobile users and 10000

static indoor users. The mobile users are split among two userl) User Position Trace File

types, i.e. vehicular users and pedestrian usé) dsers of The userpositiontracefile describes the coordinate$the

the type vehicular users as describedl.iB.2) and 247 users  usersover the simulation timeThis file has 5 columnsThe

of the type pedestrian users as describéddBiB) are included. first two containthe simulationtime and user ID. The time

The trace file data delivers user informatigpdates for 1800 resolution isset to100ms. Theremainingthree columns define

seconds simulation time, i.e. beginning with time stampco set he user 6s x, y , trea (radinded toccanb r d i

onds until time stamp 1799.9he data traffic corresponds. metre3. The reference for the coordinate system is the lower

Figure 13 indicates the spatial distribution of the mobile userleft corner of the scenario{ mhw ). The values inz

traces. directionrefer to ground lesi. Due to the fact that Hannover
lies in a flat region no ground level elevation model is taken
into account.As described above the static indoor user files
have no time stamp and hence only contain 4 colurhs.
specifiedfields are repeated ifable6.

Column Description of Content  Unit

1 Time s
2 User ID #
3 x-coordinate m
4 y-coordinate m
5 z-coordinate leight) m

Table6: Specifiedfields in the positiordatafile

The following lines give an example of thwserposition
tracefile:

0; 0; 256.13; 49.73; 1.5
0;1;24.47;319.62; 1.5
0; 2; 140.57; 161.00; 1.5
0; 3; 196.64; 207.48; 1.5
Figure13: Spatial distribution of the mobile user traces
0.1; 0; 256.27; 50.01; 1.5
0.1;1; 24.47; 319.62; 1.5
0.1; 2; 140.43; 161.33; 1.5
t 0.1; 3; 196.89; 207.43; 1.5

In the mobile usetrace fileseach line ihformation update
is tagged with a time stamp starting from zeezondsat the
beginning of the fileThe lines are sorted by time, which a
lows reading the files sequentially. The mobile users are no
active over the complete simulation time and hemser IDs
are missing for a time stamp in this case. If a user is active at
least a user position and channel quality update is available The names of the user position trace files are:
even if the channel quality did not change. The traffic demand
information is only available if additional traffic islded.This f  Mobile_User_Trace_Positions.csv
data format introduces a certain overhead, as time and user IDs 9 Static_User_Trace_Positions.csv
follow a repeating pattern. Nevertheless, each line is self 2) User Channel Quality File

contained, which allows to easily filter out a set of users or a : ) .
y The user channelquality tracefile describes the channel

certain slice in time. . ! o2
quality betweera mobileanda cell for the serving link as well
The static user files have no gnstamp, i.e. the information as for interfering linksIn order o reduce the file size, weak
does not change over themplete simulation time. links are omitted. Thereforéhe channel quality is reported for
. . . the 20 strongest cellsnly, downward from the strongest to
uselrnlli())rrdaenrgfaos Z?eit;))ll?t ;?nlc()jrfgttlr% theerut?%régjoblhty type thethe wealer qells. Hence the file hag, 42 co!um@sa described
’ above, he first two columns contaisimulationtime and user

ID. The time resolution iset to 100ms. The following 40









