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1Comparison of Cost for Di�erent CoverageSenarios between Copper and Fiber AessNetworksMihael Jensen, Rasmus Hjorth Nielsen and Ole Brun MadsenCenter for Network Planning, Center for TeleInFrastruktur, Aalborg University, Denmarkemail: mj�ontrol.aau.dk, rhn�ontrol.aau.dk, obm�ontrol.aau.dkAbstrat|As the demand for bandwidth in broadband In-ternet onnetions to private households are inreasing, theurrent opper network in Denmark is faing a onsiderableupgrade to meet the governments goal of equal aess to ev-eryone. In this paper an analysis is presented onerning theoverages of households for a variety of xDSL tenologies. Aost estimation has been made when expanding the urrentopper infrastruture to provide VDSL onnetions to allhouseholds in a muniipality in Denmark. This is omparedto the prie of providing Fiber to the Home (FTTH) inthe same area. Furthermore, the pries of providing FTTHto the overage areas of those omparable with VDSL areestimated.Index Terms|Communiation Network Planning, ICT-infrastruture, Deployment Cost, Next Generation Net-work Tehnologies, Degrees of Coverage, Upgrading Cur-rent ICT-infrastruture.I. IntrodutionDenmark is in a leading position among European oun-tries when it omes to o�ering broadband onnetions to itsitizens. These onnetions are delivered as ADSL (65%)or Cable (35%) through the existing PSTN and opperbased able networks respetively [1℄. Due to these net-works, Denmark has a 98% (2,448,649 of 2,498,621 house-holds) broadband overage [2℄, whih means that 98% ofthe Danish households have the possibility to subsribe toa broadband onnetion. It is the Danish government'sgoal that Denmark should evolve into a knowledge basedIT-soiety [3℄ and in this senario the broadband overageplays an important part, in the sense of networking privatehouseholds. In a future soiety, as visioned by the Danishgovernment, broadband will be an essential parameter di-retly related to the possibility to ollet knowledge andthe broadband overage an be seen as a measure of theountry's ompetitive status regarding knowledge based ITentered servies.A. Current Broadband SituationThe urrent broadband situation onfronts two prob-lems. First of all it is problemati that only 98% ansubsribe for broadband as the last 2% are likely to bedetahed from the ongoing development in soiety. Theseond problem is posed by the broadband de�nition [2℄as ustomers urrently understand broadband as a serviethat sales up to 2 Mb/s, whereas others (among these theDanish government) de�nes broadband as \something per-eptibly better than a basi ISDN line", whih is de�nedas 144 kb/s. Even though 144 kb/s is a better and muh-

needed upgrade from the previously 56k analog modemsit is not likely to be suÆient even in the short term. Iflooking at a projetion [4℄ of bandwidth for Internet ser-vies only for ADSL [1℄ (Figure 1), an average of 5 Mb/s isestimated within 10 years whih is also the minimum basiapaity reommended by the Swedish ICT Comission [5℄.Today the average bandwidth of an Internet onnetionin Denmark is approximately 700 kb/s. However, whenadding more and higher demanding appliations, espeiallytriple play servies whih will inlude digital television andHDTV, requirements will inrease radially. Taking the re-quirements for the future bundled servies into aount itis assumed that the required bandwidth will be at least inthe range of 10-100 Mb/s. All urrent ADSL bandwidthsfall below this threshold and it must thus be expeted thatthe opper network must be upgraded to handle new xDSLtehnologies in order to meet even the short term require-ments.
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Figure 1. ADSL bandwidth projeted.However, it will not be suÆient to replae end-equipment only, due to the fat that opper networks ingeneral and partiular xDSL are highly dependent on thedistane from the end-user to the entral oÆe (CO). Themaximum obtainable bandwidth for a ustomer will thusbe limited by the distane to the losest point of eletron-is.



2B. Current Broadband MarketThe ompetition on the broadband market has in manyountries been limited to a few larger real xDSL networkoperators and a larger group of providers reselling the net-work terminations. With respet to able networks this isalmost the same, with a few large ommerial providersand a large number of private providers. Common for allof them is that they use existing opper abling to deliverservies to their ustomers. Now some of these ompaniesand new ompanies (e.g. power ompanies) are beginningto deploy �ber onnetions. This has started the disussionof whether this deployment is eonomial sane in ompari-son to keep using the urrent opper based network. In theshort term (less than 5 years) the onlusion is learly thatthe opper network is the best investment, as it will easilymeet the demands at least when onsidering Internet ser-vies only. However, little researh has been done in howto upgrade the opper network making it able to supportmuh higher bandwidths than today. It is urrently notknown what inuene this will have on the overage withrespet to bandwidth. If only highly populated areas willbe able to obtain high speeds, the degree of overage fora ertain bandwidth will drop and the di�erenes betweenregions will be enhaned. This onits with the Danishgovernment's vision for a 100% broadband overage, aswell as with the goal to even out regional di�erenes andthe desire to be ompetitive on knowledge through an ITsoiety. II. HypothesisBased on the reasons above, it is onsidered highly rel-evant to investigate the e�et on overage when inreas-ing the bandwidth through the urrent opper network.Furthermore, given that a Fiber To The Home (FTTH)network will be the only tehnology apable of handlingbandwidth for a longer time frame [6℄, this paper will ana-lyze to whih extent it will be eonomial and tehnologialfavourable to upgrade the urrent opper network insteadof deploying a new FTTH network instantly.Currently no suh analysis is publily available and dis-ussions are mostly onerning an expensive FTTH net-work ompared to a free opper network. It is the hy-pothesis of this paper that onsiderable investments in theopper network will be required to deliver the bandwidthdemanded in the long term, but that the opper networkwill be suitable for the short term with only small invest-ments.III. Method for Investigating CoverageAs only little is known about the able networks (es-peially the privately owned) and the fat that ables inDenmark overs only a smaller part of the broadband on-netions, the analysis will take basis in xDSL. With theknowledge of COs and Remote Subsriber Units (RSU) inthe PSTN network and by presupposing that xDSL an bedelivered from all points, it is possible to alulate the num-ber of households within ertain distanes of these points.

The �rst part of the analysis will inlude a study of theoverage possible with di�erent xDSL-tehnologies, usingthe urrent opper network.The seond part of the analysis will be divided into twosenarios, upgrading the urrent opper network to a 100%overage with xDSL tehnologies and deploying a ompleteFTTH network along with FTTH networks with over-ages omparable to those of xDSL. The xDSL-senario willagain be divided into various sub-senarios aording to thebandwidth o�ered. The ost of upgrading or deploying thedi�erent networks will be alulated and pries have beenestimated as to a �xed ost per deployed meter able anda �xed ost per new CO, whih inludes basi equipmentand housing failities. The given pries are very general,but will be suÆient for the overall omparison made:� 1 km �ber osts 50 DKR.� 1 km of digging osts 100.000 DKR.� A housing faility for FTTH ost 1.000.000 DKR.� A housing faility for VDSL ost 50.000 DKR.The listed pries are average estimations based on sev-eral planning projets throughout the western part of Den-mark.The prie estimations for housing failities inlude bothoperational and apital expenses for approximately 10years.For the opper network it is assumed that marginal extraduting will be needed ompared to a omplete new �bernetwork. Furthermore, new COs will be plaed in optimalloations as no knowledge of urrent opper distributionframes is available. For the FTTH network it is assumedthat no existing abling or housing exists.Calulations in both parts of the analysis has been madeon a smaller part of Denmark. The muniipality of Halsshown in Figure 2 is the referene area whih ontains bothrural areas and high density populations.

Figure 2. The muniipality of HalsIV. AnalysisA. Current xDSL CoveragexDSL overs a large group of tehnologies with di�erentparameters when it omes to bandwidth and transmission



3Table 1. xDSL spei�ations.Tehnology Maximum Bandwidth Distane [km℄Down Up Spe. Cor.ADSL 1 1.5 Mb/s 64-640 kb/s 5.5 4.42 2 Mb/s 4.9 3.93 6 Mb/s 3.6 2.9SDSL 2.3 Mb/s 2.3 Mb/s 3.7 3.0G.SHDSL 1.2 Mb/s 1.2 Mb/s 6.1 4.9VDSL 1 13 Mb/s 1.6-2.3 Mb/s 1.4 1.12 25.8 Mb/s 1.0 0.83 51.8 Mb/s 0.3 0.2distanes. Table 1 provides an overview [7℄ [8℄ of the on-sidered tehnologies. A saling fator of 0.8 is used toorret for limitations on the atually distane omparedto the spei�ations aused by parameters suh as; thequality of the opper, rosstalk in larger able bundles orinstallation of equipment.
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Figure 3. Bandwidth as a funtion of the distane for xDSL-tehnologies.The same numbers, seen from Figure 3, give a good im-pression of the large drop in bandwidth when inreasingthe distane.Setting up senarios for needed bandwidth in the futureis a omplex issue and is not the subjet of this analysis.However, some senarios are needed in order to alulateoverage and ost. The VDSL bandwidths are used asmilestones for the development in bandwidth over the nextdeade, depending on individual judgment.It should be noted that development in xDSL-tehnologies is likely to inrease the limits upon the band-width and distane. However, an upper limit upon theinreases must be expeted, espeially when onsideringurrent problems related to rosstalk, whih will worsen asthe usage of the opper ables inreases.Figure 4 shows the distribution of NTs aording to thetheir distane to the nearest CO. This is onverted into theoverage degrees seen from Table 2 where the VDSL-valuesare of the most interest.From the previous numbers it is lear that the opper
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Figure 4. Aumulated distane distribution of NTs.Table 2. xDSL degrees of overage.Tehnology CoverageBuildings PerentADSL 1 7,292 96.52 6,807 90.13 5,308 70.2SDSL 5,564 73.6G.SHDSL 7,517 99.5VDSL 1 2,644 35.02 2,221 29.43 405 5.4network will need major upgrades to support 10-50 Mb/sto more than a minor part of the Danish population. NewCOs must be deployed in order to derease the distanesto the farthest NT.B. Cost of Extending the Current Copper NetworkTo be able to provide more bandwidth to all householdsmore COs must be loated. In order to obtain a realis-ti analysis with respet to number and loation of COssome prerequisites must be setup: 1. COs an be addedanywhere and 2. As muh as possible of the opper net-work should be reused. This leads to a straight forwardalgorithm for plaing COs: From the most distant NT adda CO in a distane equal to the tehnologially range ofreah from the NT going towards the CO, that it was pre-viously onneted to. Using this algorithm with the rangeof reahes obtained for VDSL, gives the results seen fromTable 3.C. Cost of Deploying a FTTH NetworkThe previous results should be ompared to the ost ofdeploying a omplete FTTH network, however, if it is on-sidered aeptable that a part of the population will belagging behind the development of the surrounding soietydue to their address, it will be relevant to investigate the



4Table 3. Cost of deploying VDSL to all households.Number Cost[1000 DKR℄VDSL 1 Lines 53,2000 266Duts 124,000 12,400COs 100 5,000Total 17666VDSL 2 Lines 840,000 420Duts 156,000 15,600COs 170 8,500Total 24520VDSL 3 Lines 3,750,000 1,875Duts 290,000 29,000COs 775 38,750Total 69,625ost of deploying �ber to overage areas equal to VDSL.With basis in the urrent COs, aess networks have beenplanned to over the omplete area and those areas ur-rently overed by VDSL. The results an be seen from Ta-ble 4.Table 4. Cost of deploying �ber to all households andto households with possible aess to VDSL in the urrentopper network.Coverage Number Cost[1000 DKR℄Fiber 100% Lines 10,200,000 5,100Duts 410,000 41,000COs 6 6,000Total 52100Fiber 35.0% Lines 1,150,000 575Duts 70,000 7,000COs 6 6000Total 13,575Fiber 29.4% Lines 860,000 430Duts 57,000 5,700COs 6 6000Total 12,130Fiber 5.4% Lines 58000 29Duts 13,000 1,300COs 6 6,000Total 7,329V. Conlusion and DisussionThe high penetration of ADSL has given Denmark thestatus of being in the European lead in o�ering broad-band onnetions to the population. However, in this pa-per it has been shown that when inreasing the de�nitionof broadband from the urrent 144kb/s the Danish govern-ment will be further away from the ambition of having a100 % broadband overage.In the worst ase senario the existing opper infrastru-ture will only be able to supply 5-10% of the populationwith the highest possible bandwidth that an be providedwith todays opper tehnologies. Taking the lowest of-fered bandwidth of the three VDSL senarios in onsider-

ation only 35 % of the Danish population will bene�t frombandwidth up to 13 Mb/s.It is obvious that an expansion of the urrent opperinfrastruture is impending in order to provide an equalaess for everybody to the ICT-infrastruture.An investigation of the possible expansion and ost es-timation has been done in this paper using three di�erentsenarios with VDSL solutions. It has been shown that theupper limit for the distane of VDSL will require a seriousinrease of network nodes ontaining eletroni equipmentand thereby ausing high network omplexity and vulner-ability. Saling up the senario from the muniipality ofHals it would require more than 150.000 nodes to over arather small ountry as DenmarkTaking this into onsideration and the fat that the re-quirements of bundled future servies is likely to exeed thebandwidth o�ered in VDSL, a omparison was made be-tween expanding the opper infrastruture and ompletelyreplae it with a �ber based infrastruture.This omparison shows that it should arefully be on-sidered to whih extent the opper infrastruture shouldbe expanded. Assuming that xDSL tehnologies only areto be onsidered as transition tehnologies before a �berbased infrastruture is required, it will not be ost e�etiveto aim for a large penetration of VDSL.If it is aepted that only a smaller part of the Danishhouseholds an be provided with high bandwidth, the re-sults showed that the ost of deploying �ber will be greatlydereased. It is atually those partially pries and not theost of full overage that should be ompared to the on-sidered \free" ost of the opper network. If disregardingthe prie of the COs the ost of providing FTTH in an ov-erage range similar to VDSL 3 will be less than 1.5 millionDKR and usability and lifetime of this senario will greatlyoutperform those of VDSL.Referenes[1℄ IT- og Telestyrelsen, \Yearbook of Tele," 2004,http://www.dst.dk/.[2℄ Comission of the European Communities, \Digital Divide ForumReport Broadband: Aess and Publi Support in Under-ServedAreas," July 2005.[3℄ The Danish Government, \Report on IT and Tele Politi," April2005, http://www.danmark.dk/.[4℄ T. A. Williams D. R. Anderson, D. J. Sweeney, Statistis for busi-ness and Eonomis, South-Western College Publishing, 1999.[5℄ The Swedish ICT Commission, \General guide to a futureproofit infrastruture," 2001.[6℄ T. P. Knudsen, J. M. Pedersen, and O. B. Madsen, \Se-nario based network infrastruture planning," Proeedings ofIEEE/ICACT 2005, The 7th International Conferene on Ad-vaned Communiation Tehnology, Korea, vol. 2, pp. 1137{1142,February 2005.[7℄ Broadband Forum, \Transition Tehnologies," Jauary 2005,http://www.bredbaandsforum.dk/.[8℄ DSL Forum, ," 2005, http://www.dslforum.org/.


