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Abstract—One of the key requirements that come with the in- making is simple. However, feeding the acquired infornratio
troduction of Next Generation Mobile Networks is the automatic  into the configuration management process is time-conggmin
provisioning and configuration of new Network Elements. This and error-prone. On the other hand, in an automated approach
targets to reduce on the one hand the time required between the . - T .
installation of new hardware until it is fully functional and on the f{he d'ﬁ'(?u'ty is in the automated acgg|3|t|on O_f the reqdlrel
other hand the overall configuration overhead. Hardware should information and the automated decision making on the site
be setup without requiring any preconfiguration and without identification.
manual configuration after the on-site installation. A required Therefore, the next Section will give an introduction into
enabler is the automatic acquisition of information about the 4o -ant site identification and HW-to-Site mapping metso

site where a Network Element is being deployed. Only if this Ilad L f depl . d their-chal
is possible further autoconfiguration steps can be successfully @S Well a description of deployment scenarios and their-cha

executed. Automatic site identification provides the means to lenges from the perspective of site-identification. Sectid
assess the information required to identify a site defined by shows the applicability of the identification methods to the

network planning. , deployment scenarios.
An analysis shows that, depending on the network setup and

the deployment scenario, automatic HW-to-Site mapping shows
different degrees of complexity that need to be handled. In addi-

tion to the analysis of deployment scenarios and their individual Sites within mobile networks are planned long ahead of the

site identification and mapping solutions a combined solution . . )
that is capable to perform site identification and hardware to installation of the network elements. Before a site can feelus

site mapping based on the context of the new Network Element and the hardware can be installed, all the prerequisitethéor
is proposed. operation of network equipment as for example an adequate

cabinet with data an power connections has to be prepared.
[. INTRODUCTION As part of the planning and preparation process a unique
entifier for the site is created. This identifier is put into

In a mobile network each base station (BS) is individuallgj1 p X h ith )
configured based on its capabilities and the location whase | "€ configuration management database together with e sit
haracteristics and other information connected to thaahct

installed. To allow a fully automatic commissioning and cort!
figuration of new Network Elements (NE), site identificatior? '€ ) . . )
and a HW-to-site-mapping are indispensable [1]. Two SteprsThe fo[lgwmg Subsections subd_lwde thg process into the
have to be performed: to identify the site a Network Elemefit€ identification and the HW-to-Site mapping part.
is being deployed and then subsequently to provide a mapping _. L
betwee?n hgrd)\//vare information a?1d sit); in?ormation inptFI)"{%'g Site Identification
Network Management system. This combined information is In manual site identification, identification informatios i
the enabler for all further configuration processes. As smon attached to the site as part of the preparation processatiypi
it is available the specific input to the configuration precedy attaching a sticker or something similar to the rack /
can be provided. cabinet, or the NE installer has a list with the identifier and

The problem in site identification and HW-to-Site mappingdditional information, street address and rack identifignin
is that a single identifier like a geo-location is often nathe cabinet, that allows him to identify the site.
sufficient to establish a unique mapping. Especially sirice i The actual site identification is performed during the hard-
is common to have multiple sites at the same location, farare setup process. An installer reads the site identificati
example if a layered cell structure is used. Apart from thaformation and provides it as input to the mapping step.
location there are more characteristics that define a sikeeto Site-identifiers can be long strings of characters whers lot
established. of site-specific information is encoded. The transcriptan

If site identification and HW-to-Site mapping are done bthe identifier contains some sources of error, especially if
a human, the acquisition of such additional informatiokg(li is attached to the site where it can potentially be damaged or
cell type, NE/antenna type) and the corresponding decisipst be hard to read.

Il. SITE IDENTIFICATION AND HW-TO-SITE-MAPPING



While there is no co-location of sites the main source of In order to reduce this delay th&On Site Manual”
errors is the transcription from the sticker to the installask approach can be used, c.f. Figure 1. The installer identifies
sheet. But as soon as there are multiple sites at a giveridacathe site and enters the site identification information adie
the error probability increases. In order to make the siten site into the newly installed NE. In a first auto configuati
identification faster and more reliable it has to be autothaterequest, the NE adds hardware information and sends this

1) Semi-Automated Site-Identification:Semi-automated combined set of information to the CM DB, where the HW
methods can be used to improve the identification by usiffiformation is used to update the information of the planned
machine-readable identification tags. This requires thatS#e. This process is much faster and in case of an error,
machine-readable tag is attached to the site in a way that ifor example a transcription error of the Site-ID instantzare
accessible by the installer and allows a distinct assaciati feedback can be given to the on-site personnel.
the tag with the physical site. The installer has to be eqadpp The disadvantage of the on-site manual approach is, that it
with a device to read the tags. requires skilled personnel which needs to have access to the

Typical tags are: configuration interface of the network elements. It does not

« Bar Codes especially in the form of QR-Codes arePnly counteract the target to reduce operational expereditu

becoming a common identification method. A commokPPEX) but also opens a potential on-site security hole.

smartphone has the ability to read those codes and present

and process the encoded information. Depending on th . fenote

used encoding they can contain more or less redundant

in order to cope with partly damaged tags. el S
« RFID Tags are the electronic equivalent to bar-codes.

Their main advantage is their robustness. It does nc

matter if the surface is damaged or polluted. Depending 5

on the type of RFID tag they even allow to read the Sl

contained information from a larger distance without

direct contact. They are widely used for logistics, S0 th&, 1. pemote Manual and On-Site Manual Hardware-to-Site

are already integrated into respective systems and a wi pping

range of tags and readers is available for different usage

scenarios. The main challenge is to place the tags in a

way that excludes the possibility of a wrong site identifieC. Automated Site-Identification and Hardware-to-Site Map

be read. This is especially challenging in compartmenjing

with co-located sites. A logical next step from a on-site manual approach is the

The usages of machine-readable identifiers solves the trflr automation of the site-identification and the HW-tdeSi
scription problem but introduces complexity at other p®iint mapping process, as shown in Figure 2. After the hardware

NE type

Site street address

the process. is set up, it automatically acquires information that alow
_ _ successful site identification. Typically this is mainlycétion
B. Hardware-to-Site Mapping information but also additional information can be incldde

After the identification of the site two alternative method$'t€ and hardware- specific information is then submitted to
can be used to provide the site identification information {§2PPing service that performs the actual site identificediod
the mapping mechanism as shown in Figure 1. the mapping and updates the CM DB. As soon as the entries

For the”remote manual mapping” shown in Figure 1, the in the CM DB are up to date location- and hardware-specific

hardware installer gathers the information on both theasit configuration data can be provided to the network element.
the installed hardware. The network operator’'s remote com

missioner updates the Configuration Management Databa: autotoction: =
(CM DB) with this information. As soon as it is up to date the . e ==l S
newly installed NE can be switched on and the configuratior
management system is able to respond to its configuratic L
requests. The major advantage of this approach is that tt.. @
required skills for the the on-site personnel is limited.eThFig. 2: Automatic Site Identification and Hardware-to-Site
obvious disadvantage is the error prone manual transmissi@apping

of information which increases the risk that multiple siteite

are required. Additionally there is a potentially longelage

between the hardware setup and the availability of the ndppe Ill. DEPLOYMENT SCENARIOS

data in the CM DB caused by multiple humans in the loop Depending on the deployment of the network elements
for a single step of the process. This delay then increages the complexity of the site identification varies. The forgica
duration the overall configuration process. for future network deployments, especially LTE-Advancgt [




deployments, is that they will make heavy use of a layered
cell structure and use a dense distribution of small celte T
following sections give a introduction to different dephognt
scenarios and the challenges they impose for site idettidfica

A. Macro deployments

"Macro” deployments are the typical scenarios in mobile )-
networks. The sites are spread out with a rather large inter- 4
site distance and the cells of the deployed network element
cover larger areas. Currently, site co-location for a @riRpdio
Access Technology (RAT), with multiple sites at a single

location for a single network operator is only infrequentl . . . .
used ¢ P y a )(/)f small cells, (high capacity for stationary users) witlhgl

I]f|large cells, especially the reduced number of handowers f

In urban areas the inter site distance is much smallerj ¢ . | i te radio heads” q
order to satisfy higher capacity demands and cope with ra moving users. In case ‘femote radio heads: are used even
more sites will be colocated.

propagation limitations.
Inter RAT site-colocation will be more common in the IV. SITE-IDENTIFICATION METHODS AND THEIR

future. With the introduction of a new RAT like LTE most APPLICABILITY

of the sites will be co-located with sites for legacy RATs o ) )

in order to reduce both capital and operational expenditure The deployment scenarios in Section Il show that automatic

NEs for all technologies are continuously updated. AutamatSite identification can become a hard to accomplish task.

site-identification should therefore be applicable forraivly ESpecially as soon as co-location or even indoor deploysnent

installed NEs not only for those of the latest RAT. In additiohave to be considered.

gﬁ:\?v%ax]og eogtiglflsufg the same RAT will also be used ®R. Geo-Location Based Site Identification

AudolfAreitscharsy,. ¥,

Eig. 3: Macro Deployment including three colocated sites

In order to automatically identify a site, the site’s pawiti

B. Indoor Deployments is the most important characteristic. Therefore identifica

Especially in "Enterprise Pico” and "Residential Femto® deof the location of the NE is the most important task to be
ployments the sites are located indoors and their chaisiitsr performed. There are several means for position assessment
differ strongly from outdoor deployments. "Enterprise ®ic 1) Satellite based PositioningMacro eNodeBs will come
deployments are used to provide optimized coverage and w4th optional GPS support used for time synchronization [3]
pacity with small cells to a particular high value customke | which can also be used for positioning purposes. The asbesse
a big company. Other typical scenarios for pico deploymerpgsition typically deviates from the actual position due to
are areas with a high demand for network capacity, like bigstrictions for civil GPS receivers. The deviation cangen
shopping centers, trade fair areas or airports. from less than a meter to about 100 m, depending on the

"Femto” deployments are targeted to individual customersspective skyview, but usually less than 50 meters.
which either live in an area with bad coverage or have a high2) Radio Based Positioningwithin a mobile network there
demand for network capacity. The femto BS are connectece several possibilities to asses a location. Both passide
to a fixed-broadband connection and provide a (private) Ismattive means can be used. For all methods a UE either built-
coverage area cell. in or connected to the BS is required. A major advantage

From a deployment point of view both scenarios show songempared to satellite based positioning is that it can akso b
similarities. The sites are not or only coarsely planned amged for indoor deployments, because it does not require a
show a very high density with a very small inter site distanadirect sky-view. But also for macro deployments it is useful
of typically less than 100 meters. Especially for Enteprisas it does not mandate the availability of a GPS device and
Pico the NEs are often set up on different floors at an otherwigdditional cabling and antennas.

geographically identical location. For the passive location assessment the UE is switched on
_ ) as a receiver and then scans for the identifiers of all rebkgva
C. Mixed Pico and Macro Deployments cells. This information is provided to the topology server.

For future LTE-Advanced and "Heterogeneous NetworkBased on information on the networks cell layout and pogsibl
deployments, mixed deployments will be often used. Thagnal strength information a location is estimated.
3GPP started to define possible deployment scenarios andhe result quality depends highly on the number of received
analyze the effects they cause [2]. Mixed deployments witells, if only a few cells are received the estimated pasitio
layered cell structures are used as a capacity improvententan often only be narrowed down to a still relatively large
places with a high number of active users. The hierarchicalea. In case only a single cell or multiple cells with a samil
cell setup is used to serve stationary users and fast movowyerage area are received a reasonable position estinigtio
users at the same time. Such a setup combines the benelfitsost impossible. In urban areas with many cells the positi



estimation is much better but it can be biased through hard toe Most importantly there is no guarantee on the information

predict radio propagation effects. accuracy. Especially location information will never be
A more exact radio based positioning requires an active UE 100% accurate. Therefore the system has to be capable

at the BS. The UE is used to perform indirect NE localization.  to reliably identify a site even with inaccurate input data.

It connects to the mobile network and sends a unique idemtifie ) _ )

to a positioning service, which triggers the location assesit B- Evaluation of Location based Mapping approaches

for this particular UE. This allows the usage of a wide range In case GPS based localization is available and there is

of UE localization methods [4]. The position information ig10 co-location of sites, the site identification can be gasil

provided to the UE which sends the information to the siteerformed. Evaluation of a network with 750 macro sites

identification service at the topology server. showed that even with a GPS inaccuracy of 50 meters only
Such an approach requires network coverage at the locat#y of the sites require additional means to complete the

where the new network element is deployed, therefore tigentification.

usability of the method will also differ between urban and This changes in urban areas where the inter site distance

rural areas when only a single RAT is available. In developdgcomes smaller and satellite based positioning is not as

countries there will often be several RATs available, tHougeliable or accurate as needed due to the bad signal regeptio

(for example, 2G/3G/LTE). and the reduced sky view. The measured position can easily
WIFI based positioning, well known from the smartphongeviate from the actual position in the magnitude of dozens

world, is based on databases with the information of whid} meters.

wireless accesspoint is active at which position. CellsEE ~ Modern GPS receivers therefore usually give an estimation

802.11 based wireless networks have a very small footpriff) the deviation of the measured position to the actualiposit

It is especially appealing for femto base stations, whiaha afor a reliable mapping it is important to include the dewiati

typically deployed indoors without GPS signal reception arfwice, because in a worst case assumption this deviation has

often as a substitution for lacking macro coverage. The pralso been incorporated during the location measurement for

requisite for the deployment of a femto BS is the availapilitthe setup of the site.

of a broadband connection, which increases the probability The result is that through this safety margin instead of a

other wireless networks being receivable. specific location only some area around the actual locaion i
used.
V. RESULTS Radio based approaches used for geo-location assessment

. . .have some similar issues that need to be considered. The
An analysis of the deployment scenarios together with .
. ) . ajor drawbacks come from the dependency on the coverage
available site geo-location assessment methods has léub to . . ) .
. of at least a single RAT. Results will obviously be better in

following results. . . .

urban areas and less good in areas with no or only incomplete
coverage.

. o __ Buteveninurban areas it is not always possible to perform
For the assessment of the quality of the site-identificatiqBjigple site identification based on the assessed posifioa

methods some basic assumptions on NE and managemgghtion assessment still can strongly deviate from thaact
systems capabilities are made. position and the site density is much higher. In order to cedu
« The position assessment directly after the hardware ierroneous mappings due to the positioning inaccuracy the
stallation has to be an integral step of the deploymentmapping process needs a safety margin around the estimated
« For Macro, Pico, Mixed and Colocation deploymentposition.
the network planning database holds a wide range ofThe same applies even for WIFI based positioning based on
information. Especially exact geographical position ancther small cells, such services are often available oiitlyinv
at least intended cell types, radio access technology amtban areas with a high network density with an increased
inventory information (whether there is already activerobability for a dense femto deployment.
equipment installed or not). Detailed information about The main challenge that comes from co-location and the
the setup and the structure of the network, as neighboringssing accuracy for the localization methods is that no
sites, cells and their coverage areas can be retrieved. distinct mapping to a single site can be performed. Instead,
« For indoor Femto and Pico deployments there is somgte mapping only based on the location information will tesu
what less information available. For Pico deployments thie a set of potential sites.
site planning and preparation consists just of providin ] ) ) ]
for power and data connections. Femto BS are install&d Handling of Multiple Potential-Sites
by the customer., typically at a registered location, how- In case the mapping step is not successful but reaches only
ever there is no guarantee on that [5]. reduction to a set of potential sites additional steps have t
« The mapping service at the topology server is providdze performed. Figure 4 shows such such an example. The
with all information sent by the network element and hasiapping process as been provided with a position (blue dot
access to all information in the planning DB. in the middle) and a safety margin. Within this safety margin

A. Basic Assumptions and Requirements



& E. Usage Proposals for Deployment Scenarios

6“ = ¥ 4 The following recommendations are given with regard to

&S which site-identification methods should be used in the re-
Ve e spective deployment scenarios.
1) Macro DeploymentsDue to the benefits of GPS based
positioning, it should be used whenever available. In caie i

£ not available Radio Network based positioning should fidl th
gap. This will mostly deliver a very small set of potentidksi
To narrow down the remaining set hardware characteristics
should be included.

o 2) Macro, Mixed, Co-located DeploymentBor these sce-
three potential sites are located (marked 105, 106 and 1%rios, which will gain much more importance, the sets of

The proposed heuristic approach uses multiple methods afifential sites after the location assessment will be targen-

information from multiple sources to stepwise reduce the Sgareq to today's deployments. Therefore a set of speciflize

potential sites to a.smgle_ site. Ad_dltlonal informatiokeli mapping methods combined with an adaptive logic for the

hardware-type or neighboring sites is requested on demandg|ection of the methods should be used. Logic and mapping
However, using multiple methods and acquiring more dgnethods have to be adapted to concrete deployment scenarios

tailed information leads directly to higher operationabtso and available data sources.

Therefore a context sensitive set of rules to determineitbe s 3) Enterprise Pico DeploymentsPosition assessment via

is used to apply a minimal set of identification methods tg¢ps or Radio Network is not a promising approach. To

/| 102 sty
@

Fig. 4: Set of multiple potential sites

speed up the identification. compensate this, additional means as for example RFIDdbase
site identification are suitable, as there is a low probgbdf
D. Implementation multiple confusing tags in close vicinity. There will alway

' e be, some preparation required for the place the NE will be
In a first step, the measured position is used and the set of : : .
T I . installed at. The tag could be attached during this prejoerat
potential sites is computed. In case no distinct mapping can ; . .
. . process. The reader could either be built-in or be temgygrari
immediately be made further methods are used. A subset Of ched by the installer
the available identification mechanisms and only the alg,tuafal y '

required information is dynamically chosen dependent @n th VI. CONCLUSIONS

deployment scenario. The means are applied one by one which;iomatic site identification and hardware-to-site-magpi

reducgs stepwise the set of candidate sites until a distingct, rycial step in the base station self-configuration gsec

selection can be made and the CM DB can be updated. ithout it, still significant on-site and/or remote actiei
The implementation makes use of multiple identificatiofaye to be performed by humans. Different site identifica-

means. For the evaluation with the given deployment scenagijon methods have been introduced and their applicability

the following means to reduce the set of potential sites hay different deployment scenarios (macro, pico, femtoy ha

been identified and used: been analyzed. For macro BS deployments, which are most
« Remove Active removes all sites with already activecommon today, most of the BS can be automatically identi-
equipment fied with an available geo-positioning method. If addititya
« Remove Other Typeremoves all sites which are intendedew site context data is evaluated, all BS can be identified
for another cell type (femto / pico / macro) successfully. However, for future network scenarios (dens
« Remove Other RAT removes sites intended for otherdeployments of small cells, large number of co-locatedssite
RATs indoor deployments) geo-positioning may lead to ambigsiti

« 80:20 picks the closer site in case the distance ratio j§ the identification or may not be feasible at all. Hence, the
better then 80:20. This method is only used if the distane@quisition and processing of site context data will become
is larger than a configurable lower bound. much more important for these scenarios.

The evaluated deployment scenario is the aforementioned
set of 750 3G sites of a mobile network operator. The
simulations show that choosing the right combination d@f] 3GPP, “Self Configuration of Network Elements; Concepte &equire-
identification methods allows a fast identification of thesi ?GeSS'“FTuerfEérRAedFi}érﬁmnztgggr' E-UTRA Physical layquazis,” Tech.
Even with a strongly reduced assumed localization accuracy rep., 3GPP, 2009.
of a multitude of the typical GPS deviation a mapping was] T-Mobile International, "“T—mobile view on next generati mobile
successful. Since there are no two fully identical sites t ggtgg,rlfsz);)npcthsrcz)rz‘%%tf"n%ex(r:l?éa?gBécin}?aczglr?nggéérvices, 3GPP,
main task is to find the information that can be automati- 12 20os.
cally assessed that allows the to differentiate the sitég TI5] Wikipedia, “Femtocell,” Tech. Rep., Wikipedia, 2010.
above named means were sufficient for the given deployment
scenario.
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