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Analysis of the In�uene of Paket-data andVoie Tra� on the Interferene Situation inMulti-ellular GSM/(E)GPRS NetworksUlrih Fornefeld, Peter Stukmann, Adolfo Bayo and Rosalino CritelliCommuniation NetworksAahen University of TehnologyKopernikusstr. 16D�52074 Aahen, GermanyPhone: +49 241 80 7916E-mail: {ufo|pst}�omnets.rwth-aahen.deAbstratIn this paper a �rst approah of examining large multi-ellular Enhaned General Paket Radio Servie(EGPRS) senarios is done. To obtain this, a mixed GSM/(E)GPRS tra� mix is generated to observe thein�uene of voie tra� on paket data tra� and vie versa. Speial emphasis is put on the modeling of arealisti simulation environment onerning tra� generation, positioning and radio propagation. The burstlevel approah provides the possibility to examine the dynami alloation of radio blok periods by the GPRSRLC/MAC layer in detail.1 IntrodutionIn the ontext of the evolution towards 3rd Generation(3G) mobile radio networks, paket-swithed data ser-vies like the General Paket Radio Servie (GPRS)and the Enhaned GPRS (EGPRS) are presently in-trodued into GSM and TDMA/136 systems world-wide.In GPRS networks a radio ell may alloate re-soures on one or several physial hannels in order tosupport the GPRS tra�. Those hannels shared bythe GPRS mobile stations are taken from the ommonpool of GSM physial hannels available in the radioell. The alloation of physial hannels to iruit-swithed servies and GPRS is done dynamially a-ording to the �apaity on demand� priniple [1℄. Theoperator an deide to dediate permanently or tem-porarily physial hannels for the GPRS tra�. Inthis ontext GSM physial hannels that are alloatedpermanently for GPRS are alled �xed Paket DataChannels (PDCHs), hannels that are alloated tem-porarily for GPRS are alled on-demand PDCHs.Obtaining the maximum possible bandwidth froma PDCH is not possible without optimum usage of

power ontrol and link adaptation algorithms. To de-velop and to evaluate optimized algorithms, a suitablesimulation environment, operating at radio blok levelin detail, is introdued within this paper.In order to examine the interferene situation inmulti-ell EGPRS senarios in general, an approahusing averaging models for the fast fading proess,frequeny hopping and mapping of the arrier tointerferene ratio (CIR) to the bit error ratio (BER)might be su�ient. In this ase, the paket arrivalproess might be approximated by a simple distribu-tion and the alulated average BER will be near re-ality.However, a more detailed approah is neessary ifalso the protool behaviour shall be investigated indetail. Espeially the 'fast' radio resoure ontrol(RRC) algorithms for power ontrol and link adap-tation - ating on radio blok level - demand fre-quent measurements on burst level and onsidera-tion of orrelated e�ets suh as fast fading. Al-though the evaluation of RRC algorithms is not withinthe sope of this work, the basis for these investi-gations shall be developed in this paper. A provensimulation environment, the SDL-Generi Objet-



Oriented Simulation Environment (S-GOOSE, [2, 3℄)is used for these examinations as it provides the men-tioned exat modeling of physial e�ets and alsosupports the measurement olletion on the physi-al layer. It is onneted to the GPRS protoolsimulator (GPRSim) whih is well-known for exatperformane evaluations on apaity parameters ofthe (E)GPRS protool stak [4, 5℄. Both systemsare based on the System Performane EvaluationTool Class Library (SPEETCL, [6℄). The proto-ol stak has been spei�ed in the Spei�ation andDesription Language (SDL) and has been translatedto SPEETCL-onformable C++-lasses with the odegenerator SDL2SPEETCL [7℄.Se. 2 provides the basi ideas for the simulations.In Se. 3, the setup of the performed simulations andthe main aspets for the environmental model are pro-vided. Se. 4 explains the details of the modellingonepts for the protool stak, in Se. 5 the simula-tion results on examinations of the CIR distributionin EGPRS systems are presented and disussed. Asummary is provided in Se. 6.2 SopeThe fous is set on the examination of the CIR mea-surements for mixed senarios. While the arrierstrength is similar for both, voie and paket data, theinterferene aused by both tra� families is quite dif-ferent. Three interferene situations an be observed,Fig. 1:� For a iruit-swithed interferer, permanent in-terferene ours during the session in both, up-link and downlink. Only noise ours if no sessionis ative on the reused frequeny.� For a paket-swithed interferer, almost perma-nent interferene ours on the downlink duringthe busy hour. As the uplink state flag (USF)has to be transferred on a downlink PDCH when-ever an uplink temporary blok flow (TBF) isative, the downlink is sending permanently ex-ept for the rare ase that no mobile has an a-tive TBF in the ell. This ase is even moreimprobable as the TBF ontext is ended someseonds after the last data have been transferred.Channel ombination 13 [8℄ is seleted and down-link dummy ontrol blok �lling is enabled [9℄ sothat the downlink is sending permanently. Onthe uplink, non-ontiguous interferene an beobserved, the interferene situation is thereforebetter than for the downlink.� For multiplexed paket-swithed interferers, thedownlink situation remains as mentioned for asingle paket-swithed interferer, the uplink in-terferene inreases with the utilization.
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Figure 1: In�uene of di�erent kinds of tra� on theinterferene situation, UplinkFor the downlink of the PDCH, only the geomet-rial situation in�uenes the CIR. The soure of in-terferene is always in the enter of the interfer-ing ell. The propagation loss is modeled using theUMTS 30.03 propagation model for vehiular parti-ipants [10℄, hMS = 2m; hBS = 45m, eah ell siteis equipped with one omnidiretional antenna. Thepropagation loss isLp = 112:726+ 32:8 log10� dkm�for 945 MHz transmitter frequeny.The arrier strength and the interferene strengthare alulated separately in order to give some state-ments about non-ontiguous tra� later. The trans-mitter power PTX is set to 45 dBm. As the mobilestations (MS) are distributed uniformly over the se-nario, the mean distane to the neighbouring basestations (BS) is 1500 m. Regarding the luster size k= 9, the ell radius is obtained [11℄.D = 3 �MS_BS_Distane = 4500mQ = DR = p3 � k !R = 866mThe average intra ell MS-BS distane, in�ueningthe arrier strength, an be approximated by the ra-dius of a irle overing half of the ell area.Rave =rAHex2 � � =s 32 p3R22 � � = 556:8mThe average arrier strength is obtained with theaverage distane Rave.�C = PTX � �Lp;C = 45 dBm� 104:38 dB= �59:38 dBm for�Lp;C = 112:726 dB+ 32:8 log10�Ravekm � dB= 104:38 dB



Using a luster size of k = 9, the mean MS - BSinterferer distane of Ri = 4500m leads to a meaninterferene strength of�I = PTX � �Lp;I = 45 dBm� 134:15 dB= �89:15 dBm for�Lp;I = 112:726 dB + 32:8 log10� Rikm� dB= 134:15 dBThe interferene is provided n = 6 times by the�rst tier of interfering base stations ontiguosly, so thetotal interferene strength is inreased by a ohannelmultiplier CCMn = 10 log10(n) dB.CCM6 = 10 log10(6) dB = 7:78 dB�I6 = �I + CCM6 = �81:37 dBmThe expeted mean CIR is thereforeCIRmean = �C � �I6= �59:38 dBm� (�81:37 dBm)= 21:98 dBFor non-ontiguous voie tra�, seven interferenestates might be observed with 0 - 6 ative interfer-ers. If it is possible to estimate the probability of thestates, it is also possible to alulate the CIR with theexpressionCIRmean;voie = �C � 6Xn=0 pn � �Inativeinterferers n interferene strength �In0 Noise only, -116 dBm1 �I = �89:15 dBm2 �I + CCM2 = �86:14 dBm3 �I + CCM3 = �84:38 dBm4 �I + CCM4 = �83:13 dBm5 �I + CCM5 = �82:17 dBm6 �I + CCM6 = �81:37 dBmThe probabilities for 0 - 6 ative interferers might beobtained from the o�ered tra� using the Erlang statedistribution formula with Ahannel = 0:875Erl perinterfering hannel, leading to a total interferer tra�of A = 6 � Ahannel = 5:25Erl [11℄.px = Axx!Pni=0 Aii!This approah is possible only if the four availableTCH hannels per ell are alloated randomly, oth-erwise orrellation between the interferers might in-rease the total interferene.

x px0 0.00721 0.03802 0.09983 0.17464 0.22925 0.24066 0.2106CIRmean;voie = �59:38 dBm+ 83:51 dBm= 24:13 dBThe uplink alulation is done equally with PTX =33 dBm. As the senario is interferene-limited (p(0)< 1 %), the CIR is almost the same in uplink anddownlink.For bursty paket streams, a theory for alulat-ing the state probability of the interferene situationis not present yet, therefore stohastial simulationshave to be used to obtain the CIR.3 Simulation SenarioA square senario area of 10 km length overs 37 ellsusing a luster size of 9, Fig. 2. The distane ofneighbouring base stations is 1.5 km. All base stationsuse omnidiretional antennas, diversity antennas arenot modelled.
f 1

f 2

f 4

f 5

f 7

f 8

f 6

f 3

f 7

f 9

f 6

f 2
f 7 f 5

f 9
f 3

f 2

f 6

f 9

f 3

f 7

f 1

f 2

f 1

f 2

f 4f 3

f 8
f 4

f 5

f 1

f 2

f 6

f 2

f 5

f 4

f 8

R

D

Figure 2: 37 Cells using luster size 9The partiipants move aording to the moleularmovement model of Brown. A user speed of 3kmh pro-vides su�ient fading lengths. A random, uniformlydistributed initial positioning is used. All mobiles areplaed within 1 km distane to the next base station
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Figure 3: Fading proess for the downlink arrier,vped = 3km=hin order to avoid overage problems. All measure-ments are obtained exlusively from the partiipantsattahed to the enter ell. No power ontrol and nolink adaptation is applied.There are the following two settings to be examined:For the GSM simulations, 1260 mobiles with a voieativity of 10% (all duration: 120s, inter arrivaltime: 1200s, poisson proess) are plaed uniformlydistributed in the outer 36 ells of the senario. Thisresults in an average tra� of 3.5 Erl per ell. In theinner ell, two GPRS mobiles with the apability toalloate four onseutive PDCH time slots in down-link and one in uplink are regarded.For the GPRS simulations, one GPRS mobile of thementioned type is present in eah ell. Load genera-tors [12℄ provide a bursty paket stream on the userplane of OSI layer 4. To investigate multiplexing, twomobiles per ell have been regarded. A larger numberof partiipants would be desirable, but is not possibleat present time due to hardware limitations.Bejond these usual modellation methods, the fol-lowing detailed approahes are used:3.1 Fast FadingA orrelated fast fading proess is generated from afading pattern that is shifted with the user speed, Fig.3. Espeially for slow-moving users, the fading dura-tion is longer than one radio blok and in�uenes thefast power ontrol and the link adaptation algorithm.The measurement algorithm alulates the mean andthe standard deviation of the BER for the four mea-surements made during one radio blok. While themean BER might be modeled well with an unorre-lated fading proess (e.g. drawn randomly from adistribution funtion), the standard deviation of theBER is smaller for a orrelated proess than for anunorrelated proess.

3.2 CIR alulation on burst levelThe CIR is alulated one per burst. Only theohannel interferers are onsidered in the interfer-ene alulation. For the downlink PDCH, sendingontigously, a dummy sender is used for the modella-tion of ontrol-only bloks. The alulations for ar-rier strength and CIR are averaged over one SACCHperiod for lassial RRC algorithms (slow power on-trol, ell seletion). In addition, a weighted averagingover one radio blok is performed for fast RRC al-gorithms (link adaptation and fast power ontrol) asdesribed in ETSI GSM 05.08, se. 10.2. [13℄4 Protool StakTo be able to generate a realisti GPRS tra� be-haviour, the protool simulator GPRSim was inte-grated into the SGOOSE.The (E)GPRS Simulator GPRSim [4℄ is a pure soft-ware solution based on the programming languageC++. Up to now models of Mobile Station (MS),Base Station (BS), and Serving GPRS Support Node(SGSN) are implemented. The simulator o�ers inter-faes to be upgraded by additional modules.For the implementation of the simulation model inC++ the SDL Performane Evaluation Tool Class Li-brary (SPEETCL) [14, 6℄ is used. This allows an ob-jet oriented struture of programs and is espeiallyappliable for event driven simulations.The omplex protools like LLC, RLC/MAC, theInternet tra� load generators and TCP/IP are spe-i�ed formally with the Spei�ation and DesriptionLanguage (SDL) and are translated to C++ by meansof the Code Generator SDL2SPEETCL [14℄ and are�nally integrated into the simulator.Di�erent from usual approahes to building a sim-ulator, where abstrations of funtions and protoolsare being implemented, the approah of the GPRSimis based on the detailed implementation of the stan-dardized protools. This enables a realisti study ofthe behaviour of EGPRS and GPRS. The real proto-ol staks of (E)GPRS are used during system simu-lation and statistially analyzed under a well-de�nedtra� load.The blok struture of the ombined simulation en-vironment is shown in Fig. 4.LLC and RLC/MAC are operating in aknowledgedmode. The multislot apability is 1 uplink and 4downlink slots. The MAC protool instanes are op-erating with three random aess subhannels per 52-frame. All onventional MAC requests have the radiopriority level 1 and are sheduled with a FIFO strat-egy. Ongoing TBFs in uplink and downlink are servedwith a Round Robin strategy with a Round Robindepth of 10 radio bloks. LLC has a window size of16 frames. TCP/IP header ompression in SNDCP is
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