
Analysis of Transport Protocols in HybridNetworksAlberto Lluch LafuenteJune 1999AbstractAccessing data services through digital cellular networks is becomingsomething common. Such networks are based on wireless technologies,which were ignored when the classic communication protocols were de-signed. As many authors have noted, the TCP transport protocol showsan ine�cient behavior when running over wireless links. Several solu-tions have been proposed to correct this problem. We propose a simplesolution based on the indirect model of communication and the substi-tution of TCP. Several experiments have been realized, using a networksimulator (ns: UCB/LBNL Network Simulator). The results of these ex-periments let us conclude that the use of indirect connections using anspeci�c transport protocol instead of TCP over the wireless part of theconnection increases the performance of communications.PrefaceThis paper is a summary of the �nal year project[Lluch Lafuente, 1999]realized by the author as an essential part of the study in ComputerScience at the University of the Basque Country. The project is closelyrelated with research done by Jos Miguel Alonso, which was the director ofthe project, and Jos Mara Rivanedeyra, both members of the Departmentof Computer Architecture and Technology of the University of the BasqueCountry. Some of the results of the project have been used by Jos MaraRivanedeyra for his dissertation [Rivanedeyra, 2000]. Note that due toimprovements realized after the project's end, the experimental resultsmay di�er from the original documentation.1 IntroductionAccessing data services through digital cellular networks is becomingsomething common and attractive. For example, one can connect hislaptop with Internet with the use of a mobile phone. GSM is a popular1



digital cellular telephony system, but it o�ers a poor quality for such kindof services (data access was a secondary target when the standard wasde�ned). J. M. Rivanedeyra and J.M. Alonso detected on of the reasonsof the poor performance in the architecture of the these scenarios andproposed an alternative communication architecture. It was decided tovalidate the solution �rst by simulation, and then by implementation.The main objective of the project was to realize several experimentswith the network simulator ns: UCB/LBNL Network Simulator, that val-idate a set of alternatives to the actual system used to access Internetthrough GSM. To reach this objective several tasks were done: study ofthe network simulator, study of hybrid environments (those in which wiredand wireless technologies are involved), extension of the simulator for theexperiments, modeling of the architectures, and �nally the experiments.Section 2 gives a brief description of what was done in order to studythe network simulator. Section 3 and 4 summarize respectively the workdone for studying hybrid environments and modifying the network simu-lator. Section 5 presents the experiments realized and their results. Thelast section contains the conclusions.2 ns: UCB/LBLN Network Simulatorns: UCB/LBLN Network Simulator [Network Research Group, 1998] isa discrete event simulator targeted at networking research that providessubstantial support for simulation of TCP, routing, and multicast proto-cols. It is object oriented, written in C++, with an OTcl interpreter asfront-end. One of the objectives of the project was to familiarize withthis network simulator. In order to accomplish with this objective, sev-eral documents were written: a report of the installation, a user man-ual, a programmer manual and a document that present a basic set ofexamples[Lluch Lafuente, 1999].3 Accessing Internet through GSMA new environment of data communication, emerged due to the evenmore common use of laptops and cellular digital telephone networks, isbecoming important: the use of the data services that such networksprovide to access information servers typically located in Internet. Thisnew environment is based on wireless technology, in opposition to thetraditional networks.The concept of nomad user arises. Such kind of user can change hislocation while keeping connected to the network requesting di�erent in-formation services. This is one of the advantages of the wireless networks:the ubiquity. In addition, mobility is managed and controlled by thenetwork, making it transparent to the applications and communicationsprotocols. 2



These characteristics suppose an advantage of this kind of access overothers, but there is a price to pay. Wireless links of cellular networks havedi�erent characteristics from wired links used on �xed networks. Whilewired links have satisfactory bandwidth, short constant delays, and a lowerror rate, wireless links are a poor resource: they have low bandwidth,long delays and a big error rate.Such kind of links was ignored when the classic communication proto-cols (the TCP/IP architecture) were de�ned. Several authors have shownthat there is a problem of performance when using TCP over networksbased on wireless technology. Fine adjusted for �xed networks, the con-gestion control mechanism of TCP does not have an adequate behaviorover wireless networks. These mechanisms interpret the long delays ofthe wireless links as a problem of congestion, and act starting correctionmechanisms to alleviate a congestion that does not exist. The consequenceis a reduction of the data 
ow, wasting the scarce avaliable bandwidth.The are several studies that have take care of this problem. In thispaper, the problem is focused on the particular case of accessing Internetthrough GSM networks, proposing alternatives to the actual architecture,which should perform better.3.1 GSM. Data ServiceGSM is a pan-european standard of cellular digital telephony used mainlyin european networks. The use of GSM is growing fast in the rest ofthe world, especially in Asia and Australia. This standard, in addi-tion to the telephone service, de�nes data transmission too, but it wasat �rst a secondary target. Although, several estimations show thatin the year 2000 the half of the tra�c of this networks will be data[Rivanedeyra et al., 1998a].Nowadays, the service this kind of system o�ers is fairly poor: circuit-switched connections with a nominal bandwidth of 9.6 Kbps, which inthe best case is reduced to 7 Kbps [Alanko et al., 1994]. New parts ofthe GSM standard are being developed (HSCSD and GPRS) in order toobtain better transmission rates, but the day at which they will be usedremains still distant. It is possible too, to obtain better transmission ratesby using full digital connections (connection from GSM to ISDN) anddata compression, but the use of PSTN when accessing Internet is morecommon at the moment and, in addition, the problem of low e�ciencyremains. In addition to all that, propagation delays and the bit error rateare really big. Packet losses or error connections, are mainly caused bywireless link failures and user mobility [Cceres et al., 1995], and rarely bynetwork congestion.3.2 ArchitectureConventional access to Internet using GSM networks is shown in Fig-ure 1. The mobile node connects to the GSM network using a mobilephone that has a card that emulates a modem, so that classic software3



Figure 1: Scenario for a conventional access to Internet through GSMcan still be used. The connection from user to server has to pass throughthree networks. First, the GSM network, in which a modem pool locatedin the MSC (Mobile Switching Center) allows to connect to the ISP (In-ternet Service Provider) through the second network: the PSTN (PublicSwitched Telephone Network). Finally, the ISP establishes the connectionwith the information server in Internet.The di�erence between that kind of Internet access and the classicones, is the use of the GSM network. It limits the bandwidth to 9.6 Kbps,while delay and bit error rate depend on the bearer service mode chosen.There are to modes that GSM networks o�er to access data: transpar-ent mode and non-transparent mode. When using the transparent mode,which follows the ISDN V.110 speci�cation, the bit error rate is about 103,while delay remains constant. When using the non-transparent mode, theuse of an error correction protocol called RLP (Radio Link Protocol),makes the bit error rate descend to 108, but as consequence, delays be-comes longer and both bandwidth and delay become variable, especiallywhen the link conditions are poor. The present study is focused on thismode. The protocol stack used in this situation is shown in Figure 2.It can be observed how the RLP protocol is used between the mobilenode and the MSC, while a standard modem protocol is used to connectthe MSC with the ISP. The PPP protocol is used to manage the linkbetween the mobile node and the ISP. This protocol can be used wheneverthe IP address is dynamically or statically assigned. In the last case, theSLIP (Serial Line IP) protocol or his compressed version (CSLIP) couldbe used instead of PPP. The rest of the protocols are the commonly usedin TCP/IP environments.It is really interesting the existence of two worlds based on di�erenttechnologies (wired and wireless), and the use of a transport protocol(TCP) managing the connection, which passes through these two worlds.Due to reasons that will be said later, the ISP will be the element that4
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ow is then drastically reduced andthe poor bandwidth is used in a less e�cient manner.In sum, the congestion control mechanism of TCP reduces the perfor-5



IP

PPP ?

TCP

IP

App.

?

Internet

PPP

IP

App.

Mobile node Fixed serverISP

PC-Card Modem

PROXY

TCPSTPSTP

RLP MSC V.34Figure 3: Proposed protocol architecturemance in wireless environments. In addition, other TCP characteristics,like the use of redundant headers, contribute to the ine�cient use of thepoor bandwidth of the wireless links.3.4 Project ProposalsOne of the objectives of the project is to validate the ideas presented in[Rivanedeyra et al., 1998a] and [Rivanederyra et al., 1998b]. The alterna-tive to the actual architecture of Internet access through GSM presentedin these articles is based on two basic ideas: use of indirect model andsubstitution of TCP.3.4.1 Indirect ModelThe idea of using the indirect model of communication, at transport level,consists on splitting connections in parts so that every connection is man-aged independently and elements located between the parts coordinatethem. The advantages arise when every part of the connection occursover an environment of di�erent nature than the others, because in thatmanner it is possible to manage speci�cally every part in order to achievea better performance.Unfortunately, there are some disadvantages: the end-to-end semanticof connections is lost and there is an overhead introduced by the inter-mediators. To know the consequences of this, think that with the use ofTCP the sender will receive acks from the intermediary and not from thereceiver. So, the sender will not really know in which moment the receiverhas de�nitely received the data.When using this kind of systems, there are two important design as-pects: how to divide the connections, and which functions will realize theintermediaries. As in [Rivanedeyra et al., 1998a] and [Rivanederyra et al., 1998b],the intermediary is located in a node called GSN (Gateway Support Node).6



This node is a part of the GSM network and could realize additional func-tions of ISP, giving an added value to the GSM operator. The communi-cation is divided in two worlds: the GSM network and the Internet. Theprotocol architecture is shown in Figure 3.The main di�erence with the actual system, apart from the use ofthe indirect model, is the presence of a new protocol called STP thatsubstitutes TCP in the mobile part of the connection. This protocol isdescribed later. In the intermediary, and at application layer, there areset of programs called �lters. These �lters are also known as the Proxyand are responsible to coordinate both parts of the connections. At �rst,the Proxy will act as a relay. Additional functions this entity can realizeare selective dropping of super
uous header information, delay data forlater pickup, re-segmentation of data, reducing frivolous tra�c addressedto the mobile host, etc [Rivanedeyra et al., 1998a].3.4.2 Simple Transfer ProtocolThe previous proposal succeeds in isolating the problems in the mobilepart. These problems, are caused by the inappropriate use of TCP inwireless environments, and consist in an ine�cient use of the low band-width.As second improvement, the substitution of TCP is proposed. Thenew protocol should be designed speci�cally to run over the mobile partof the connection as e�cient as possible. The proposed name is SimpleTransport Protocol (STP). It should have characteristics such as reducedheaders and a 
ow control tailored to the characteristics of the links. Itwill not include neither congestion control nor error control (the use ofRLP guarantees the absence of errors between the PC-card and the MSCand another protocol runs between the MSC and the Modem at the ISP).Independently of the characteristics of the new transport protocol,introducing it in the system require changes only in clients (mobile nodes)and the GSM networks, and not in servers (Internet hosts). Changesin clients can be as simple as changes in libraries that implement thetransport service (typically sockets).4 Extension of the Network Simulator andModeling of the ArchitecturesThe network simulator ns does not allow to simulate the situations de-scribed in the previous section. To model these situations, various el-ements have been designed, implemented and integrated in ns. Theseelements are basically links, applications, and protocols. The implementa-tion required in some cases the introduction of new code or, in other cases,the modi�cation of the existing code. This section presents a descriptionof these elements, ignoring when possible all reference to implementationdetails. 7
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wired linkwireless linkFigure 4: Network Topology Model4.1 LinksThe topology of environments in which clients access Internet serversthrough GSM can be model in a very simple way (see Figure 4). Threenodes (mobile node, ISP and �xed server) and two links: wireless link andwired link. The wireless link connects the node representing the client andthe node representing the ISP, while the wired one connects this node withthe �xed server.Wired link This link represents all the links in the communicationbetween the ISP and the �xed server in Internet. In the real world thepath between ISP and Server implies many links, that are, in general,reliable and fast. Several probes have been realized to determine thevalues of bandwidth and delay of the wired link. Finally, the values of 100Kbps and 100 ms were chosen. Congestion or link failures will be ignored.Wireless link This link represents the link that connects mobile nodeand ISP. The characteristics of such link in a GSM Network are 9.6 Kbpsand a long and variable delay (supposing the use of the non-transparentmode).Following [Nguyen et al., 1996], the link has been modeled as some-thing similar to a Markov model with two states: an error-free state (staeL) and an error state (state E). Such model is possible because it is knownthat the errors are bursty. In opposition to [Nguyen et al., 1996], wherethe time to stay in a state is modeled with transition probabilities, herethe time to stay in a state is modeled with random distributions. Figure 5illustrates the model.Exponential distributions model the duration time of each state. Instate E the average value of the distribution is tE, while in state L theaverage will be tL. The delay in state L is modeled with a constantdistribution with value rL, and in state E the delay is modeled with anuniform distribution between am y aM .For the experiments, the values of the variables was: tL = 50s, tE =10s, rL = 400ms, am = rL, aM = 6rL. This values are based in somestudies (like [Alanko et al., 1994]).
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ERROR d � U(am; aM)t � E(tl)d � C(rl)t � E(tl)Figure 5: Wireless Link Model4.2 ApplicationsThree di�erent kind of communications were considered to be simulated inthe experiments. Their are based on the use of three mostly used Internetapplications: telnet, ftp and WWW.Telnet Telnet communications use a unique transport connection. Theircharacteristics are short messages, with variable intervals between mes-sages. The telnet client will be located at the mobile node, while thetelnet server will be placed in then �xed server. The network simula-tor used does not provide an adequate telnet implementation. A bettermodeling and implementation was necessary. Two type of new Applica-tion entities were implemented: a Telnet Client and a Telnet Server. Theclient sends the server a request message of a given small size. The serveranswers immediately after the arrival of the message with a response mes-sage of a given medium size. The client then sends a new request aftersome given time when it receives the servers's response. The size of therequest and response messages and the time the client wait after sendingthe new message are modeled as exponential distributions.FTP A ftp communication occurs over a unique transport connection.The �xed server will act as ftp server, while the ftp client will be placedin the mobile node. The network simulator ns provides a satisfactory im-plementation of ftp (modeled as a bulk data transfer). Although, severalmodi�cations were done to adapt its behavior to the needs.WWW AWWW communication implies the existence of several trans-port connections. Every request of theWWW client (located at the mobilenode) requires a connection, while answers from theWWW server (locatedat the �xed server) can consist on various connections (a connection foreach component of the requested web page).There exists a WWW application in ns, but it was not adequate forthe experiments. An alternative application [Henderson et al., 1998a] waschosen, modifying its implementation to adapt it to the needs. This ap-9



plication is a http tra�c generator based on a study about http tra�cpatterns made by Bruce Mah [Mah, 1997].4.3 The ProxyThis element has been implemented as an application that acts as a relaybetween two transport connections. The proxy receives data from onepart of a connection and sends it through the other. When a connection isclosed in one of the parts, the proxy closes the other part of the connection.The proxy has no latency (he sends as soon as he receives the data) andunlimited capacity (a relatively in�nite bu�er).4.4 TCPThere are several implementations of TCP in ns. A bidirectional imple-mentation of Tahoe TCP was chosen, �xing two parameters: the initialcredit and the maximum segment size. The chosen value for the initialcredit was 8192, observed in several TCP connections made by FTP. Themaximum segment size was �xed to 1460 bytes: observed Ethernet data-grams over PPP implementations occupy 1500 bytes, and 40 bytes fromthe TCP/IP header must be subtracted.4.5 STPThe new transport protocol STP should provide a reliable connection-oriented transport service, and its behavior must be tailored to the char-acteristics of the wireless link.It has been implemented including following functions: segmentation/re-assembling of segments, opening/closing connections and 
ow control. Inaddition it uses reduced headers. It does not include neither control con-gestion nor error control.The header contains information about source and destination ports,opening/closing connections, sequence numbers and acknowledgments.For the segmentation it uses a maximum segment size of 1472 bytes, causethe STP/IP header has a size of 28 bytes (1500 bytes of the datagram -28 bytes of the header = 1472 bytes). Flow control is done by a slidingwindow algorithm without retransmissions. The initial credit is �xed with8192 bytes.4.6 Measure parameters and mechanismsTwo measure parameters have been used in the experiments: goodputand throughput (both at the transport layer).Throughput is the measure of how soon an end user is able to receivedata. It is determined as the ration of the total data received by the enduser and the connection time. The throughput directly impacts the user'sperception of the quality of service.10
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1 KB 10 KB 100 KB 1 MB telnet WWWconstant delay 2.22 6.46 8.94 9.30 1.77 1.16variable delay 2.10 5.97 8.77 9.27 1.54 1.13Table 1: E�ects of variability on the throughput1 KB 10 KB 100 KB 1 MB telnet WWWconstant delay 0.76 0.92 0.95 0.95 0.83 0.62variable delay 0.74 0.89 0.94 0.95 0.79 0.60Table 2: E�ects of variability on the goodputThe actual architecture (see Figure 2 for the protocol stack and Fig-ure 6 for the model), i.e. end-to-end TCP connections has been probedunder two situations: a hypothetical situation in which the delay of thewireless link remains constant and the real situation (where the delay isvariable). Tables 1 and 2 present respectively the values of goodput andthroughput measured in various types of communication under the twosituations (constant delay and variable delay). The di�erent type of com-munications are ftp, telnet and WWW. The �rst one has been probedwith di�erent �le sizes.The values of throughput in this comparison are not as important asthe goodput values, since the variability in the wireless link delay increasesthe average delay, making the throughput descend. Hence, the interestingparameter is the goodput. This parameter shows the e�ciency in the useof links. The goodput in the real situation (variable delay) is lower thanin the hypothetical situation (constant delay). This specially true in thecase of telnet and in the transmission of short �les. When the size of thetransmitted �le grows the loss in the goodput tends to minimize.Since the architecture (end-to-end TCP connections) is the same inboth situations, we must conclude that the reason for which the goodputdescends is the existence of retransmissions. But the links have neithercongestion nor failures that could provoke these retransmissions. Thecongestion control mechanism of TCP is not reacting good in the presenceof variability in the wireless link delay. The consequence is an ine�cientuse of the links re
ected in the descent of the measured goodput. Howeverfor large �le transmissions the descent in the goodput tends to minimize.The reason is that the congestion control mechanism is adaptative andsucceeds in �nding good values for the retransmission timers that avoidunnecessary retransmission. This is true in the case ftp where data istransmitted in one connection, but not in the case of telnet and WWWbecause these types of communication require many connections in whichthe timers are reset (a possible solution is to maintain and use statisticsof previous connections [Padmanabhan et al., 1998]).12
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Figure 7: Model of the indirect TCP architecture1 KB 10 KB 100 KB 1 MB telnet WWWend-to-end 2.10 5.97 8.77 9.27 1.54 1.13indirect 2.20 6.10 8.77 9.27 1.54 1.21Table 3: E�ects of the indirect model on the throughputAs conclusion of these set of experiments we can say that a variabledelay in the wireless link has a negative e�ect on performance.5.2 E�ects of the Indirect ModelThe objective of these set of experiments is to verify the goodness of theindirect model. The network presented in Figure have been probed usingtwo di�erent architectures: the actual architecture (end-to-end TCP con-nections) and an architecture based on the indirect model (see Figure 7).Connections in the indirect architecture are splitten in two TCP con-nections: one between client and proxy and another between proxy andserver. The proxy is located at the ISP node, while client and server ap-plications are respectively located at the mobile node and the �xed servernode.Table 4 is very interesting. It presents the measured goodput values.In the case of the actual architecture goodput has been measured in the1 KB 10 KB 100 KB 1 MB telnet WWWend-to-end 0.74 0.89 0.94 0.95 0.79 0.60wired 0.76 0.92 0.95 0.95 0.83 0.70wireless 0.73 0.88 0.93 0.95 0.75 0.64Table 4: E�ects of the indirect model on the goodput13
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Figure 8: Model of the proposed architecture1 KB 10 KB 100 KB 1 MB telnet WWWTCP 2.20 6.10 8.77 9.27 1.54 1.21STP 3.17 7.71 9.18 9.36 1.56 1.32Table 5: E�ects of STP on throughputend-to-end connection (end-to-end). In the case of the architecture basedon the indirect model two goodputs have been measured: the goodput inthe wireless link (connection between mobile client and proxy) and thegoodput in the wired link (connection between proxy and �xed server).The goodput in the wired link is always better or equal than in the wire-less link. That con�rms that the ine�ciency problems are located in thewireless link. The values of Table 4 do not let us conclude which architec-ture uses the links in a more e�cient manner. Tables 3 shows that theindirect architecture achieves a better throughput in the case of short ftptransmissions and WWW communications. This is a good result, but thebest thing is that we have con�rm the location of performance problemsand isolated it.5.3 E�ects of the Substitution of TCPThe objective of these set of experiments is to verify that the substitutionof TCP by a transport protocol that does not include congestion control,improves the performance of the communications.Two architectures have been confronted. In both of them indirectcommunications are used. The �rst architecture uses TCP as transportprotocol in both sides (client-proxy and proxy-server) of the indirect com-munications. The second architecture (see Figure 3 for the protocol stackand Figure 8 for the model) uses STP as transport protocol of the mobileside (client-proxy). The main di�erence between STP and TCP is thatSTP does not perform congestion control and has a reduced header.As shown in Table 6, STP uses the wireless link in a more e�cient14



Table 6. E�ects of STP on wireless goodput1 KB 10 KB 100 KB 1 MB telnet WWWTCP 0.73 0.88 0.93 0.95 0.75 0.64STP 0.92 0.97 0.97 0.97 0.91 0.95Table 6: E�ects of STP on goodputScene 1 KB 10 KB 100 KB 1 MB telnet WWWTCP 2.10 5.97 8.77 9.27 1.54 1.13NEW 3.17 7.71 9.18 9.36 1.56 1.32Table 7: Old Architecture vs New Architecture: Throughputmanner than TCP. In addition the goodput obtained by STP is morestable. The consequences are a very notable increase in the throughput(see 5). The advantage of avoiding the congestion control mechanism arenow clear.5.4 Overall E�ects of the New ArchitectureWe present here the overall e�ects of the new architecture, confrontingthe results of the experiments based on the proposed architecture (indi-rect connections with substitution of TCP in the mobile part) with theresults of the experiments based on the actual architecture (end-to-endconnections).As shown in 8, the new architecture uses the resources (links) in amore e�ciently way than the actual architecture. The consequence is anincrease in the performance of the communications.5.5 Conclusions of the ExperimentsThe results of the experiments con�rm that the wireless link delay vari-ability is cause of performance loss when accessing wired networks throughwireless networks.Scene 1 KB 10 KB 100 KB 1 MB telnet WWWend-to-end 0.74 0.89 0.94 0.95 0.79 0.62wired 0.76 0.92 0.95 0.95 0.83 0.70wireless 0.92 0.97 0.97 0.95 0.91 0.95Table 8: Old Architecture vs New Architecture: Goodput15



The new architecture improves performance of all type of communi-cations (ftp, telnet and WWW). The main cause of performance improveis that the protocol that substitutes TCP (STP) uses more e�ciently thewireless link, since it is designed speci�cally to work over it. Note thatthe behavior of the new transport protocol is highly stable; the values ofwireless goodput are always over 0:9. The results of the experiments seemto validate the ideas exposed in section 3.6 ConclusionsMany research groups have studied traditional transport protocol behaviorover hybrid networks. They all conclude that the use of end-to-end TCPconnections o�ers a poor performance when working with wireless links,and propose di�erent alternatives. In this paper the alternative of theproject have been presented. This alternative is based on two basic ideas:use of the indirect model and substitution of TCP.The ine�ciency problems when using the actual system and the bene-�ts of the proposed alternative have been validated by several experimentsrealized with ns. This network simulator has been modi�ed, introducingnew elements and modifying existing ones to adapt it to the needs. Theobtained results of the simulations are positive, i.e., the ideas about theperformance of transport protocols over hybrid networks have been vali-dated.References[Lluch Lafuente, 1999] Alberto Lluch Lafuente. An�alisis de Protocolos deTransporte en Redes H�ibridas. Proyecto de Fin de Carrera. Univer-sidad del Pa�is Vasco. Junio 1999.[Alanko et al., 1994] Timo Alanko, Markku Kojo, Heimo Laama-nen, Mika Liljeberg, Marko Moilanen, Kimmo Raatikainen(1994). Measured Performance of Data Transmission Over Cellu-lar Telephone Networks. Department of Computer Science, Uni-versity of Helsinki, Report C-1994-53, November 1994. URL:http://www.cs.helsinki.�/research/mowgli/mowgli-papers.html[Bakshi et al., 1995] Bikram S. Bakshi, P. Krishna, N.H. Vaidya,D.K. Pradhan (1995). Improving Performance of TCP overWireless Networks. 1st ACM Conference on Mobile Comput-ing and Networking, Berkeley, CA, November 1995. URL:http://www.cs.berkeley.edu/ hari/papers/papers.html[Balakrishnan et al., 1996] Hari Balakrishnan, Venkata N. Padmanab-han, Srinivasan Seshan, Randy H. Katz (1996). A Comparison ofMechanisms for Improving TCP Performance over Wireless Links.ACM SIGCOMM Conference, Standford CA, USA, Aug 1996. URL:http://daedalus.cs.berkeley.edu16
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