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Abstract: The progress of LPWAN technologies in recent years has increased their use in various
types of environments as well as increased the applications in which they are used. However, due
to the duty cycle limitations of license-free based technologies, they have a considerable limitation
for applications with frequent data transmission or real-time data. In this regard, technologies
working in the 2.4 GHz band are a compelling option to consider but their main problem concerns
their limited range. Fortunately, the new Bluetooth 5 standard has a new feature (Long Range
mode) that is especially useful in long distance or large indoor environments. This paper describes
a practical study on this new technology for indoor environments. The performed experiments
evaluate reception range, communications quality, channel occupancy, response times, and power
consumption. The obtained results indicate that a three-floor building of more than 4200 m2 may be
covered with a stable signal with only two Bluetooth 5 nodes.
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1. Introduction

LPWAN technologies have undergone constant evolution in the last years and have
become widespread in many environments. However, they do have limitations in certain
types of applications, one of which concerns the restrictions on transmission due to the
duty cycle. In this aspect, 2.4 GHz license-exempt ISM-band technologies are the main
alternative. However, such a band has worse propagation than sub-1 GHz bands and
a high occupancy in many environments, thus it is normally used only for certain IoT
scenarios. There are 2.4 GHz technologies like Bluetooth that have proven to provide a
good data transfer power consumption ratio, while others based on the IEEE 802.15.4
standard (e.g., XBee, Thread, and ANT) offer a better sensitivity [1].

Commonly, Bluetooth is used for scenarios that require short-range communications,
but with the arrival of the new Bluetooth 5 standard, studies have shown that it has
improved consumption and response time [2], as well as an improved range. This is
achieved thanks to a new long-range mode (LE-coded PHY) that allows for adding extra
sensitivity, with respect to the legacy version of the Bluetooth 4.x standard, by lowering
the data rate to 125 Kbps, which makes it a rival of IEEE 802.15.4 standard technologies in
terms of range; for this reason, it is compelling for indoor use considering the additional
range [3]. This new feature not only improves the communications range but also makes it
more stable in environments with electromagnetic interference.

2. Materials and Methods

In order to test the performance of the Bluetooth 5 in realistic indoor scenarios, two
Nordic Semiconductor development kits were used (nRF52840-DK [4]), which can transmit
at a maximum power of 8 dBm and have a sensitivity of −103 dBm in the LE-coded mode.
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ThetestswerecarriedoutintheScientificAreaBuildingoftheUniversityofACoruña

(Spain),whichoccupiesanareaofroughly4200m2andisdividedintothree1400m2floors.

Forthedeployedarchitecture,thefollowingconsiderationsweretakenintoaccount.

Ontheonehand,asoneoftheadvantagesofthesystemisunrestrictedtransmission,we

decidedtotestthesystemwithfasttransmissionsinordertoestimateitsperformance

forreal-timeapplications.Ontheotherhand,althoughBluetoothhasseveraltopologies,

wedecidedtouseastartopologywithnodesoperatinginthelong-rangemodeandat

maximumpower,withtheaimofusingthesmallestnumberofnodestocoverthelargest

distancesaspossible.

Consideringthementionedexperimentalsetup,wedecidedtoimplementtwodif-

ferentdevices:aGATTperipheralandaGATTcentralthatmakeuseoftheLE-coded

PHY.TheGATTperipheralnodewaslocatedinafixedposition,updatingapredefined

characteristicvalueevery500ms.TheGATTcentralnodewasplacedatdifferentpositions

and,afterconnectingtotheperipheral,readitscharacteristicandstoredthecollected

informationforlateranalysis.Thepositionsandorientationsofthedeployednodesare

showninFigure1
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Figure1.Bluetooth5nodedistributionforthethreefloors(blue:servernode;red:clients).

3.Results

Table1showstheresultsintermsoftheerrorrateofthereceivedpacketsaswellas

theminimum,maximum,andaverageReceiveSignalStrengthIndicator(RSSI)values

whentransmitting200packetsforeachpoint.Asitcanbeobserved,gooderrorrateswere

obtainedforeightofthefourteenclientsinspiteofusingasingle-servernodepositioned

inthesecondfloor.InpointsB,D,F,andN,themaximumRSSIwaslessthan−93;thus,
consideringthatthetheoreticalsensitivityinLegacy(LE1M)forthenodeswas−96dBm,
itislogicalthatthesewerethepointswiththehigherpacketerrorrates.Additionally,it

wasattheseextremepointswheretheuseoftheLE-codedmodeallowedforasensible

decreaseinthepacketerrorrate.

Table1.ErrorrateandRSSIvaluesobtainedatthedifferentmeasurementpoints.

Parameter/Point A B C D E F G H I J K L M N

Errorrate(%) 1 71 0 41 0 94 0 19 22 7 2 41 4 74
Min.RSSI(dBm) −90 −94 −84 −98 −98 −98 −80 −99 −97 −98 −95 −99 −99 −98
Max.RSSI(dBm) −80 −99 −62 −93 −81 −95 −63 −81 −82 −84 −87 −84 −89 −94
Avg.RSSI(dBm) −84.9 −96.2 −67.8 −95.3 −86.3 −96.6 −69.6 −87.7 −86 −91.8 −90.2 −91.5 −92.9 −95.7

4.Discussion

ItisimportanttoconsiderthatwhiletheuseoftheLE-codedmodetoincrease

thesensitivitywasgoodfortheconsideredindoorenvironment,itisalsonecessaryto

keepinmindthatincreasingtheairtimecanalsosaturatethechannel,especiallyfor

advertisements,whichareemittedinonlythreechannels.Thus,Figure2a,bcompare

theenergyconsumptionandlengthoftwoadvertisementevents:oneintheLE-coded



Eng.Proc.2021,7,18 3of3

mode(Figure2a)andtheotheroneinLegacymode(Figure2b).Asitcanbeobserved,the

LE-codedeventrequiredroughly3msmorethanintheLegacymode,thusthelatteralmost

doublestheformerinlength.Thislongerairtimealsoincreasespowerconsumption.

Figure2cshowsthechanneloccupationforthethreeadvertisementchannels(in

green),whereinthevaluesingrayshowtheaverageoccupationofthechannel.Thetests

wereperformedforfournodesthatsentadvertisementsevery20ms(theminimumvalue

allowed)at8dBmwithina2mrange.Althoughitisanextremecaseusedjustfortesting

thelimitsofthesystem,significantchannelsaturationcanbeobserved.
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Figure2.Airtimeandchanneloccupationanalysis.

Inviewoftheseresults,itcanbeconcludedthatthesystemwouldbenefitfromthe

useofasecondservernode,aswellasfromdeterminingtheoptimalpositionforthe

nodes. Moreover,theuseofomni-directionalantennasinsteadofthetestedintegrated

directionalPCBantennaswouldbebeneficialintheevaluatedindoorenvironmentdueto

thereflectionsandwouldalsoprovidefullcoveragetotheentirebuilding.

5.Conclusions

Thepurposeofthisworkwastoanalyzethecoverageandperformanceprovidedby

Bluetooth5inalargeIoTindoorenvironment.Theperformedexperimentsshowthatthe

LE-codedmodeoffersnotablybetterresultsthantheLegacyversionindoorsduetothe

increasedsensitivity.Intermsofdatapropagationandreception,thecovereddistances

considerablyimprovethoseobtainedbymost2.4GHzbandtechnologies.Nonetheless,

traditional2.4GHztechnologiescannotbecomparedtoLPWANtechnologiesastheir

unrestrictedtransmissionsmakethemmoresuitablefortheevaluatedusecase.Themain

concerntoconsideristonotabusetheadvertisementeventsintheLE-codedmode,asthey

cansaturatetheavailablechannels.
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