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20 Internet Engineering Task Force (IETF) Network Working Group (August,

1996), which is incorporated herein by reference. It offers a method for

splitting, recombining and sequencing datagrams across multiple logical data

links, such as multiple Integrated Service Digital Network (ISDN) bearer

channels. The Multilink Protocol requires a special, multi-link modem,

25 however, and is not compatible with the standard telephone modems that are
currently installed in most computers.

In the cellular field, the 1S-95 standard for code division multiple access

(CDMA) communications, promulgated by the Telecommunications Industry

Association (TIA), offers features known as medium data rate (MDR) and high

30  data rate (HDR) transmission for high-speed data services. When a user data

rate between a mobile station (MS) and a base station subsystem (BSS) exceeds

ordinary CDMA traffic channel rates, MDR and HDR allow multiple traffic

channels to be opened simultaneously. Since there is frequently a greater

volume of data being transported in one direction than in the other (most

35 frequently in a forward direction, i.e., from the BSS to the MS) the number of

channels opened in the two directions need not be equal. In MDR, for each

direction there is typically one fundamental code traffic channel, which carries

signaling along with data, and up to seven supplemental code traffic channels
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some pects of the present invention to provide apparatus and net hods for
hi gh- Spee8I¥R Hormuni cati ons over a cellular network that are fully
conpatible wth currently-depl oyed network 25 infrastructure and

equi pnent. In preferred enbodi nents of the present invention, a pair of
conputers are connecteggﬁ cti | 5$§ﬁﬂ§q§ mruni cati on units,
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Preferably, the units comunicate over a cellular network. The multiple

l'inks,are esta d I I V&h$srovideach of
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apparatus and methods that enable application data to be conveyed between

20 computers over multiple, parallel cellular links in a manner that is transparent
to the applications and to the computer users.

It is still a further object of some aspects of the present invention to

provide apparatus and methods for high-speed data communications over a

cellular network that are fully compatible with currently-deployed network

o
h

infrastructure and equipment.

In preferred embodiments of the present invention, a pair of computers
are connected to respective wireless data communication units, which exchange
data over multiple wireless links simultaneously.  Preferably, the units
communicate over a cellular network. The multiple links are established using
30 two or more cellular transceivers in each of the units, which place multiple,

parallel calls simultaneously between the units. Each unit has a data interface
that couples to a data port of the respective computer, typically a serial port, in
a manner that emulates a standard modem. Applications running on the
computers exchange data via the wireless units, preferably using a standard
35  point-to-point (PPP) protocol, unaware that multiple links are being used.
Multiplexers in the wireless units are responsible for distributing data frames
from the respective computers for transmission among the multiple links and
for reordering the frames upon receipt, so that the operation of the units is

substantially transparent to the computers that use them.
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received from the second computer over the links into a single, ordered stream

of data to be conveyed by the data interface to the first computer.
Preferably, the plurality of wireless communication transceivers include
cellular transceivers, and the wireless links are made over a cellular
25  communications network. Most preferably, to establish the wireless links, each
of the transceivers places a call over the cellular communications network to the
corresponding transceiver in the communication unit of the second computer.
Preferably, the data interface is adapted to be coupled to the first
computer in a manner that emulates a standard data modem, wherein the data
30 interface includes a RS-232 interface. Further preferably, the data are
transmitted and received by an application running on the first computer using
a standard point-to-point protocol, as though only a single link were operative
between the first and second computers.
Preferably, the data received from the first computer are divided into
35 frames, and the multiplexer adds a numbering layer to the frames, in
accordance with which the frames transmitted over the links are assembled into
the single, ordered stream.
There is further provided, in accordance with a preferred embodiment of

the present invention, a method for wireless data communications, including;:
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includes establishing the links over a cellular communications network,

wherein establishing the links includes placing a plurality of calls over the

20 cellular communications network. Most preferably, the method includes
monitoring the calls so as to determine when one of the links becomes non-
operational, wherein establishing the links includes placing a call to re-establish
the non-operational link.

Preferably, inputting the data from the first computer includes emulating

25 a standard data modem coupled to the first computer, wherein emulating the
standard data modem includes receiving serial data input from the first
computer. Most preferably, inputting the data includes receiving data from an
application running on the first computer using a standard point-to-point
protocol, as though only a single link were operative between the first and

30  second computers.

Preferably, inputting the data includes receiving frames of data from the
first computer, and multiplexing the data includes adding a numbering layer to
the frames, in accordance with which the frames transmitted over the links are
assembled into the single, ordered stream. Further preferably, assembling the

35 received data includes reordering the received frames in accordance with the
numbering layer and removing the numbering layer from the frames, so that an
application running on the second computer receives the data as though only a

single link were operative between the first and second computers.
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reordering data frames received using the method of Fig. 3, in accordance with
a preferred embodiment of the present invention.

20
DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS
25 Fig. 1 is a block diagram that schematically illustrates a wireless data

communications system 20, in accordance with a preferred embodiment of the
present invention. System 20 comprises a pair of personal computers (PCs) 22
and 24, which are linked by respective cellular data communication units 28
and 30. Each of the computers is coupled to the respective cellular unit by a
30 cable, typically a standard serial cable connected to a RS-232 port of the
computer. Alternatively, substantially any wired data connection known in the
art may be used between the computer and the wireless unit. Units 28 and 30
communicate over a cellular communications network, preferably a CDMA
network. Alternatively other types of networks and other cellular standards

35 may be used.
In the embodiment of Fig. 1, computers 22 and 24 run an application 26
under which data are exchanged between the computers, preferably using a
point-to-point (PPP) protocol, as is known in the art. On each computer, the
PPP protocol encapsulates the data generated by the application in a sequence
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equal nunber to be us For conveni ence and robustness, the
transcei vers prachr lephenmrmodules 36omron3@nie it (HotcoaKelh)datEath df t he

t el ephone BRYLHESdRZSMIRIOWA unit 30 over the cellular network in a full duplex
20 mode. The data received by the telephone modules is demultiplexed by the
corresponding multiplexer 34 and is then conveyed to the respective computer
by modem emulator 32. Although the multiplexer and modem emulator are
illustrated for clarity as separate functional blocks, these two functions are
preferably carried out by the same processor, most preferably a general-

25 purpose processor with suitable input/output connections and software.
Alternatively, modem emulator 32 and multiplexer 34 may be implemented in
dedicated hardware or in a combination of hardware and software elements.

Fig. 2 is a flow chart that schematically illustrates a method for
transmitting data between computers 22 and 24 using communication units 28

30 and 30, in accordance with a preferred embodiment of the present invention.
For the sake of clarity, the method is described hereinbelow with reference to
transmission of data from computer 22 to computer 24, but it will be
understood that ordinarily, the computers communicate via units 28 and 30 in
full-duplex mode.

35 At a dial-up command step 50, a user of computer 22 makes a dial-up
request, preferably using a standard Microsoft Dial-Up software routine.
Typically, The user is prompted by the software to input a telephone number.
In response, the user specifies the number of the first telephone module 36
(PHONE 1) in cellular unit 30. Alternatively, the telephone number is pre-
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recei ved by the tel ephone nodul es is denultipl exed by the correspondi ng

nul ti pl G@TSO %ﬂq houg;’[}%ﬁﬁ’r}e‘c\fl @He Liset h%ﬁél@%ﬁeﬁffé F%g}ﬁﬁﬁﬂé@rnuﬂﬁ}bemdem

enul at or exer and emenul ator are illustrated
for cl ar|W9@te§8§aﬁsal€éafddﬂc‘ﬂﬁ>é‘ﬁ%‘lmfm%é‘ké}mt ese two functions are

BL ﬂo g;gb:oyogan? @gp&@ﬁ oyhe @@elal o@{r@m/ tagm 28sitrptefebsdtine modeatesr al 25
Sui ut/o t
R brnat LHe s, otmnralsor 3¢ ARl ferRragst 18y il el lie, | |
|Ciedl Cgst ednttae][tfbmagte @IQt iThus, oeatls nad eﬂabbsﬁhdaﬂamdmdtaeleandys d/N'thwarﬁél of eent s.
I | ow ar t
9 qaﬁl& la%\t mtaﬁg s&%gst%%b Zgh ty%éé ZJEH%E% ec?)nﬁe&eﬁmgatfl&’i to,

transmtt vveen corrpu usi n communi cation units 28
30 and 30cornputec dlamglahthht & Preefrmdess l@rkb@dﬁaaéﬁtmolfecmé ‘éf?téséhlan

| nventi o “md'f&rno%%;? 8ke AQfnf! iht, he EB&&&&P% b&siflas %éh@ «adtahaf ghitos ow

with reference ransm ssion o rom rrputer{ conput er
B

but it wiad tsaighievsitoygre ﬁa%taﬁidﬂicﬂérr‘? g t Re ¢8 ?é%?’e VI a

uni ts1028 R ed&, idrodahlly nditAbethamRde thadds Avaitalde &}hammrdymmnglesieﬁpla"ro a
user h@utgr 22 rrakes a dial-up request, preferably using a standard
M crosoft A 519[51 sof tware routine Typically, The user is pronpted by the
software to i npliddean briidplonnd raceibes PPPiframes posspiench &ams eprypeer ?—2@3 t he

T S LSS R0 (U el pnet

Alternatlve ne nunber 1S pr PCT/USO1/ 032 4 7

progr amhyewmﬂd@c@ﬁﬁchér%mé lndmatmﬂpgﬁpwﬂwén HROYPIASREY hYRSELY @

conpufser K@ade%%yaadéd @ @he Hﬁn@mmng%@ mfatmaﬁunmrr Mﬁnfpi@xér@élt iendi al - up

command, unit Instructs tel ephone nodul es | a caIIs to

t he corre@ﬁé‘h}éﬁ“ﬁ@ g atiREEs; if UH’F‘t toygelephoge ap ul% géu ?ﬁa%) %

E;hUS ndCSZ’édcﬁn rsQ(]—;: l&ianlﬂréQhﬁﬁi sithellrhahigdesdry paddeerthal framkes ttbealata:lfl thehave

een made successfu ur,Ns. a_connec t
to mﬁWﬁﬁ‘fsn’é]taF?X?‘%éo qﬁ hah err@gglu %%otthre {elcr}fei“%lf/\se EQ{‘]ah%m&%pu o

i nd| cat i othest equrdrpadts inhirst ?o)@)am franlmstranﬁpwlsmn gepbBegin to send data to

unit 78 as t hﬂqﬂgytola&fj&ﬁfmﬁf)ﬁnﬂuﬁfcﬁﬂgﬁr&t\%g? Thitd P8 it 50 Hat dleor

t ransm ssion,
more of the connections between the telephone modules in the units are lost.

Such lost connections are commonly caused by faults in the cellular network,
but may also occur due to a hardware failure in unit 28 or 30. Multiplexer 34
regularly checks the status of telephone modules 36, 37, 38, in order to verify
25  that they are still validly connected to their counterparts in the other unit.
When one of the connections is found to be no longer valid, the multiplexer
stops sending it data frames. The telephone module will meanwhile attempt to
re-establish its cellular link with its counterpart, so that it can again become
available for transmitting data frames. While one or more of the cellular links
30  are not operating, the rate of data transmission between computers 22 and 24 is
reduced, but the connection between the computers is maintained. Once the
module has re-established its cellular link, it notifies the multiplexer, which

then resumes sending data frames to the module.
When data communication is finished, the user of computer 22 instructs
35  the computer to terminate the connection to computer 24, at a hang-up step 64.
Typically, the same Dial-Up routine that was used to initiate the connection is
also used to terminate it. The computer conveys the disconnect request to unit
28, which instructs telephone modules 36, 37, 38 to hang up their respective



10 however, is roughly n tines the rate that is available when only a
single cellular link is used. Modem enul ator 32 receives PPP franes in
sequence from conputer 22, at a receive frame step 56. In a nunbering step
58, a pr &P PE0AY nunbering layer is added to each franmePCTAEIHER#g its
position in the sequence Typi cal | y a ¥ header is added to the frane

i ncluding the franme er. Miltip r 34 t stribut s the frames in
turn to téPQ?)ho[rtBIt %CO@?’ut%TSﬁfaﬁg cu ‘Flra‘ilt’é‘ %‘En%ﬁrﬁ'be EPE h%L

Pr ef er abl yerrhimataaul t i pI exer passes the frames to all of the rmdul es in a

round bi tel

Count et par s i 4T £ U0 Hiah3cbe antsléntlﬁgﬁl?ﬁhét&e BLA f‘?‘oreﬁtéﬁ cur
during corimmitcatsnvibtedebeereruminits 28 aawld 38011t kato C@rWIthtD@eP sferred
connecti ong, NELNeeR of H&yﬁ@s@ﬂﬂ%@%mﬂ?ﬂ“ﬁﬁ% Rt e é'@ééx? sﬁﬁ@ltir%%tusl §Mﬂ3h | ost

connections are common caused ] |n the cel 19 % net but may
al so occuindqwealle ‘dlthatﬁ’ﬁv@ﬁéhqdaiffﬂu’?fénﬁlﬁu@ﬁ‘lgt atg dpscrped Mareingbe

regul arly rehesks thhg st ahbpRunkg28RReNED, MdWRSindes udtil tB@comnrecabdes to
verify 25 that they are still validly connected to their counterparts in

the ot her &HTMat€qAhen one of the connections is found to be no |onger
valid, the nul tAﬂbéIeadebf tisé Qp&;rﬁenﬂbmbémm anits a8rasd Hhbavebephomslenpdul e

Wil | anwhi.| t e I e h
count par‘tlru %%%W forgBHEear %%S tﬁﬁ e%‘:rg rlrreéorﬁln ng lih% fﬂoeF Hﬁn \g[r:ll% maft ttatsrrlln dat a
franes. V\hndleabnle gep e @pphtﬂ;lqrel%ut@r%l\teﬁ ntke Bogainsligasion paihtseRgs the
rate of dahgqLhanaiMiRakion AELUEEN (G APULA!SnaRIGND # vkt 30,24UE athdebut the
connection between the Cor’r% er’s i s mal nﬁ ai ned Onﬁ@ﬂlt he m)dulqi/n&Leﬁ
re- est abl |e§welatlpt1sst@E| O arlhei MOdem eRBiFtPEAkREWHER S I8t € then
pesumes SQﬁﬁs!sB eéiaAﬁtm POBR, tangeperrmdyt@d c@lﬁb@ta@@fi’mmmc@m ipiuegr 125
inis the user ter S t he .computer. t nate
t he cggnectl on /tto urfegg Z&hﬁﬁ‘g’ﬂﬂ Xt 36 rgﬁewegl'ﬁétta PiERY ifles IJ’O%
Dial-Up r Ctultephene haddwas 36,53t 380 The trivdtiplektreraveivesche drames mtl“@oaralsed t 0
terninate .t n e Rlokn tR8.
whi ch i nst't uV(\:It11 %It}feﬂ%ﬁt‘gg %ggﬂ%( g‘éi& g;}ﬁgrg Q?P%%leﬁﬂz aff{telerrltur((a)s ective WO
01/ 56190 R@iﬂEUSOMOQQﬂbﬂe frgmmesl Wgre MO P FIOPHiET reth@zteasaef et |,
that the Cr@ f P@@ H?@Htulﬁﬁfe%f‘@ﬁﬁgrs fheQrarded 8n@ rbbRWrS ifiéTh Habéd
schemat i cal [ strates for rec VI ng ddcfatta tra nfsmttgd bet ween
units 298 & ,fOiPﬁlea%WdP%hS’én&”ﬂ rEngtosy Epf g added to the frames before
transmission. At a step 74, the numbering layer is then removed from the data
frames. Modem emulator 32 outputs the frames in order to computer 24, at a
send frame step 76, via the cable connection between the modem emulator and
the appropriate computer port.
25 Fig. 4 is a flow chart that schematically illustrates details of reordering
step 72, whereby data frames received by multiplexer 34 are ordered for output
in the proper sequence. The step is invoked whenever a new frame is received
or, alternatively, when a timer has expired without a frame having been
received. Typically, the timer is set to expire after 7 seconds, based on message
30  response characteristics of the cellular network. The parameter “Count” is used
in the flow chart to indicate the number of each frame that is received, based on
the proprietary numbering layer added at step 58 (Fig. 2). “NextCount” is a
parameter used to indicate the number of the next frame that is expected to be
sent/received. Frames that are received out of order, as determined by
35  comparing their Count value to the current NextCount value, are stored in a
pool buffer until their turn arrives.
When multiplexer 34 receives a data frame, it checks the Count value of
the frame against the current NextCount value. If the values are different, it

compares the difference of the values to a predetermined window size. The



5 enbodi ment of the present invention. This nethod goes on simultaneously
and in paral lel with the nmethod for transmtting data descri bed herei nabove

W th ce to Fig. 2, in both units 28 and 30, and c ntil the
connect i &‘ﬁ{?lr@%‘sﬁoerm nated. After all of the n connecti onsggth&@Z@zﬁm ts 28
and 30 have been nade, 10 unit 30 infdrms conmputer 24 that an incom ng

call has QagRodRdfe fhi icdiffibcald QIR eAneE. ifthRlbe Ablom26ur eeei ves

th t

il at of BRianiNarivaes ar%gﬁawsﬁéd@rﬁeetgﬁﬂnéﬁll AT R
acknow edgeserkREEHBiw&In These andESRREESuntAls drieh&rpbiaitzere Pl ethir24hé S
RIS AR NS ST e R Y et I e

mul ti pl ex r i 8. The
nul ti p§ exeéfaniedaitiepooherd pmed tomotriyaiter Bin thenomster oif théleﬁoamrtwh@t t he
modul es, Ch L S fr %uentlzge t']_nfefs?ét%%tva 1581%1 t%m%c?&mgcﬁat% ’}88@?{ @ci]frtaPr?esf r amas

wer e sent t eri ng St ep
the multi pteemrkmfas ENot fVrrdic” rt@rmghcamjthaédhdé@geﬁp@ﬂﬁlbgsfé@n% aYe pern

propri et a%é(nm%%éﬁ@dﬂt QL maetd %rérﬂ@ﬁte\ﬂ% @QQRQ {at ish%refafé‘@soﬁgﬂ%re

transm ssi on nbering la s t he ved fromthe
data fratesC Ol\’/ﬁﬁéﬁ@@rﬁflﬂé\@ &te%frﬁﬂ?ﬁﬁ%t}}%‘é‘ Riguer Wﬁltélf% SEXE S er 24,

at ia 1@%%5{@&@ step 76, via the cabl e connectl on bet ween t he nmodem

emul at or an t eco 25 Fi t that
schematical ly i qﬁﬁ&t&fzgg ét%u“i‘ e’?eé Jgf?lﬁasaégaé%e ’/V?O ertﬂl\,)é/‘%g@% :
frames reeeitdess Bext@otnipltextefrade @ enowedétely sort tsmtcpmput&rnZ% I”ﬁ?ldpﬂmﬁper
sequence. é}r%sﬁtgr?(ﬂnlgsex{tw ?Ilf%ﬂ \gb%ﬁ'efé/ Fha eﬂe No@ﬁlr arrg‘?%efré(ﬁl‘é tilr is

alternativ expire avi ng been
recei ved. Swedalwlyﬂe tthe nepmpdnings e@@testm é&@lﬂo@ afreegherk §‘éc’f@na§tenﬁ‘é‘§%d on

oty | S RERRONREy ROAE We ehgoadi well® oro! t‘éha‘"‘*“ bl o Ak Lpme
o indic

that is rdR@PRERehAEGhECOTTeRPOBAERT LRI 'iaiﬁ |1ﬁ§ ?‘%F@f Oaagtgﬁlmélg‘grsrf ep

58 gF:c g. Zs)}:eﬁhtéiem GOl 'a lvaha @@Cﬁlﬁgﬁf@}fn&lsel(ﬂ 4 thidifeahe isheertutobéne of t he

nex rane at i s _expec ent d

out of " or GG el GECATR dred ShyvaR MBS sty ERANRE bR uhEre! e

current Nextifoalid evadyie foanad Qttd:hrsqqut af thequiol beihbeempy iile. ,tlﬁthafe ae n

arriv I r i t t

val ueggf V?ﬁqfa?ﬂaeté{égagﬁ?{ mtgﬁllt rP:O%g tYl%smﬁelﬂ% r@%%h%ﬁ%éf‘thg%%‘?ﬁfer%ﬁ@raﬁﬁgg are

di f f er ent timer nesshpat be restartails patibadurtber data frameearrivesd Mudalessndh

Wi ndow si 3Ren $2ts for the next frame.
If the timer expires before a frame has been received, the entry in the
pool corresponding to the current value of NextCount is marked as Not Valid.

25 NextCount is incremented, and the corresponding next entry in the pool is
checked to determine whether it holds a valid pending frame. The process of
checking the entries in the pool then continues, as described above. Multiplexer
34 continues cycling through step 72, as shown in Fig. 4, as long as unit 30
continues to receive data.

30 Although preferred embodiments are described hereinabove with
reference to cellular communications, it will be understood that the principles
of the present invention may similarly be applied to other types of wireless
communications systems, such as Personal Communication Systems (PCS) and
satellite systems, as well as to terrestrial communications. It will thus be

35  appreciated that the preferred embodiments described above are cited by way
of example, and that the present invention is not limited to what has been
particularly shown and described hereinabove. Rather, the scope of the present
invention includes both combinations and subcombinations of the various

features described hereinabove, as well as variations and modifications thereof



WO 01/ 56190 PCT/ USOL/ 03244 9 wi ndow size, which is typically set to eight
frames, indicates how far out of order the franes are allowed to get and
still bewn jpjned in the pool. If the difference betwegprosnk28nd

Next Count |§E%?@ater than zero but within the w ndow size, the current
frame is added to the pool. Otherwise, "all of the 5 frames in the pool are

passed to.gaapuWt&ild24cdl fhgeRbHEkAfed Beithe RAUNbOMAlUAMG tHhEoRRbIrges in
the pool, i.e., the slats avalla,lﬁﬁto acgonmnoda received frames, are

mar ked as des@tptign e wiych At pat dselRstd thediYedbondi ng franmes have been
sent out. NextCount is then increnented to a value that is greater by one
than the Count value of the |atest franme, and the nmultiplexer waits for
the next frame 10 to arrive. On the other hand, if nultiplexer 34 receives
a frang whose Cé&ilmMiIMal ue nmatches Next Count, that franme is imrediately
sent to conputer 24, and the corresponding entry in the pool is marked as
Not Valid. The franme tinmer is stopped, while the remaining entries in the
pool are checked to determ ne 15 whether they should be sent, as well. For
each entry, NextCount is increnented, and the corresponding entry in the
pool is checked to determne whether it holds a valid pending franme. If
so, this frane is sent to the conputer, and the next entry in the pool is
simlarly checked, continuing until an invalid entry is found. At this
point, if the pool is not enpty, i.e., if there are 20 still valid entries
|l eft in the pool, the tinmer is restarted. (If the pool is enpty, the tiner
need not be restarted, until a further data franme arrives.) Miltiplexer 34
then waits for the next frame. If the timer expires before a frame has been
received, the entry in the pool corresponding to the current val ue of

Next Count is marked as Not Valid. 25 NextCount is increnented, and the
correspondi ng next entry in the pool is checked to determ ne whether it

hol ds a valid pending frame. The process of checking the entries in the
pool then continues, as described above. Miltiplexer 34 continues cycling
t hrough step 72, as shown in Fig. 4, as long as unit 30 continues to
recei ve data. 30 Although preferred enbodi nents are descri bed herei nabove
with reference to cellular comunications, it will be understood that the
principles of the present invention may simlarly be applied to other
types of wireless conmunications systens, such as Personal Communication
Systens (PCS) and



satellite systens, as well as to terrestrial communications. It will thus
be 35 appreciated that the preferred enbodi nents descri bed above are cited
by way e, and that the present invention is not plirRi what
has beenw%ggst%?;cvul arly shown and descrill?ed her ei nabove. Rg%jﬁg}rs?ﬁ?&ﬁipscope
of the present invention includes both conbinations and subconbi nati ons of
the various features described herei nabove, as well as variations and

nodi fications thereof WO 01/56190 PCT/ US01/ 03244 10 which would occur to
persons skilled in the art upon readi figl%BV¥Sr egoi ng description and

whi ch are not disclosed in the prior art. 51 CLAIM WD 01/56190

PCT/ USCL1/ 03244 11 CLAIMS 1. A wreless data comunication unit,
conprising: 2 &a-dataiwitdefedda capupreationieile CORPIHREf rom a first
conmputer for ty aRsdniftrfie! AdapRRICANGLERRUHEI Mdth NG farsBidoniiten foel ess
data 4 conmunication unit, and to convey dat.a receive from’ﬁkﬁl’g sdaa(%%)nd
conput er tTERNSTNESIPRr S cdnp . EORPHIST NP8 o wirRlHs sV ES NI €At i on
transcei veosamadaptied urat, aadnisminyal elaiy eecaiesh o tvee secoetemsnpitiekdowi t h
corresponc{hngi ttr ansceivers in 8 the conmunication unit of the second
conput er; BhdTE Y Y5Fexer, which is adapted to distribute the data
receivéd by the phudhtya dht erifedess faoommuinécaftionst trapssginess, aafsmied hdo

luralit i - ti
purality Of%ﬁm&%gff)g&{ laees{:)ggc%vaé @@@saﬁ{@m;th%o@%geﬁafng h8niRsRasthve

l'i nks, to asse received fromthe second conputer over

the |iBks thaceminynisgtien usitirtbg seeqnehedmBRtdaf2d t 0 be conveyed by the data
interface to theplilkiplexeoMti@r is ddaptedAldistripaeottd dgtat fecelvadnbit thaher ei n

the pluraljty . of wireless. 2. conmunication transcgiVers ri ul ar
tr ansdd vt iBiealihdr et APFGIes ATES (i B TAnG 80 SPRa g Ciohr
conmuni cattrausnissibnothereBy dvarnitte aesmrativeglinks,chad M@, assdsblei the glata
establjbsh Lng whiel &SR séodrddEinpGaGHRE tfl%'?in%ﬁmcfki\ﬁ IS Oghé%ﬁsst?eacfﬁl !
over the ceFfurar Comuntcati ons network to the correSpondi ng transceiver
in the comfihite & bexouveyteddsy theedats iniestane te drplitse computer.

14
2. A unit according to claim 1, wherein the plurality of wireless
2  communication transceivers comprise cellular transceivers, and wherein the

wireless links are made over a cellular communications network.

3. A unit according to claim 2, wherein to establish the wireless

)

links, each of the transceivers places a call over the cellular communications
network to the corresponding transceiver in the communication unit of the

4 second computer.

4. A unit according to claim 1, wherein the data interface is adapted

2 to be coupled to the first computer in a manner that emulates a standard data
modem.

5. A unit according to claim 4, wherein the data interface comprises

2 aRS-232 interface.

6. A unit according to claim 4, wherein the data are transmitted and
2 received by an application running on the first computer using a standard
point-to-point protocol, as though only a single link were operative between the

4  first and second computers.



4. A unit according to claim1l, wherein the data interface is adapted 2 to
be coupled to the first conputer in a manner that enulates a standard data
modem  Sywdysthde according to claim4, wherein the data i pgif@efs80MPri ses
2 a RS-232 |nterface 6. A unit accordifg to claim4, wherein tﬁe data are
transmtted and 2 received by an application running on the first conputer
using a standard point-to-point protocol, as though only a single |ink

wer e operatlve between the 4.first .and SEC C r

PCT/ USD1/ 032447 12 1 BRIy SCPI%E‘éotrOddalmtlo SRS PR Roc R AGHPIRE

recei vad firsintdrhpute? mmrénud@hpukEfﬁmmﬁ,@mﬁldéGNﬂnt6Wfnaﬁépkﬁah@dﬂﬁeie|n
the multinp urher kngnlaygr 1o £Lr apes, @cgqug&ﬁg Wi th
whi ch t he %r%g%ls&dgﬁﬁra t%mrr'?tse ovéesf ﬁLe‘({a CEhgmare asse ed Into thSe

singl e4 otgesedtied prghthedinlg arstasermplad inte EreednglgaprleEsmitnsrEat i ons,
conprising: 2 inputting data froma first conputer for transmission to a
second conputer 4 establishing.a plurality of wreless conmunication |inks
between a cor espor‘i‘dﬂ?ﬁh‘bq?mr‘gfrﬂﬂeé AR IGGHANS cEYDRFS N8 ach pai r
conpriging a fimsatting desndeaivar fiecaupbegte five tfarsstiscdonptd er saoshd
second transce%ver coupled to the second conputer; 8 nmultiplexing the data
recei ved fPBMYHe first conputer so as transmt respective portions of the
data o¥er the pbuablkhing @f pwrabt}estsc poraiessi caminmnicaigon j iklss ihetyaemla el ;
receiving, BH%S}? ntgr Qﬁ@roft nli @l éé’chOPaW EShBRisingl 8 first
comuni cat1on 11 nks; n e received data into a S|ngxf

orderefl stia@aaeIBer m@eéd@ﬁ@e Mt safrmwertan ReSeSBRB AR RPIF 0P ¥ et hod
accordi ngﬂtl@ségoﬁur@ogn weerein establishing the plurality 2 of wreless
conmmunj cation |inks co ses estabhli ctional links, such that
data afe al so ¥ gg&hF Iﬁgﬂgggg%ﬁgbgﬁbhfs FCYBPYE 1 PEETEBRBLL er
over the péspeatnvéypmﬁohs i sthe Idhta Aveet thedplacelotydohgvitdess epmngynivkierrei n

est abl bshl1 aI ity 2 of wireless comrunication |inks conprises

mgaf
est abl| shllﬁ%st1 % s over a cellular ‘ _
recewmg the data transmitted over the plurality of wireless

12 communication links; and
assembling the received data into a single, ordered stream of data to be
14 output to the second computer.

9. A method according to claim 8, wherein establishing the plurality

o

of wireless communication links comprises establishing bidirectional links, such
that data are also transmitted from the second computer to the first computer

4 over the plurality of links.
10. A method according to claim 8, wherein establishing the plurality
2 of wireless communication links comprises establishing the links over a cellular

communications network.

11. A method according to claim 10, wherein establishing the links
2 comprises placing a plurality of calls over the cellular communications network.

12. A method according to claim 11, and comprising monitoring the

o

calls so as to determine when one of the links becomes non-operational,
wherein establishing the links comprises placing a call to re-establish the non-

4  operational link.



communi cations network. 11. A nmethod according to claim 10, wherein
establishing the links 2 conprises placing a plurality of calls over the
cel lul ar _comuni cati ons network. 12. A method according to claim11l, and
conprisi M H6¥1%%ring the 2 calls so as to deternine whenPSRESBYORKL | i nks
becones non-operational, wherein establishing the links conprlses pl aci ng
acall to re-establi,s n ratio

PCT/ USO1/ 03244% 13 ‘f‘sﬁ‘ei\ﬁgd gﬁc%d‘l%%@g&ﬁu}n ?%hf&% %MQ\A%&Z ﬁg&l& nput i ng the
dat a f2 onmthefitsheofripder compuises exonging @§t@1dﬂrdtcﬂa¢g raodermnarndedise sherodem
coupl ed tgp&anuLh@§t conputer 14 A method according to claim 13, wherein
enul ating the stan ard dat a nodem conpri ses rece|V|n seri al ta i nput
fromthe first €onpét Wthoqgcc%dﬁﬁ Hoglagacley avhey e’ffbelélluéﬁ Hha ge %ﬁ@g

i nput t1 ngdhhe neladein 2 MPREIS BSeREI 6rTAY cdﬁ&anPﬁorfr@ﬂ a@phma&drﬁpuwnm ng
on the first conputer ‘using a standard point-to-point protocol, as though
only a single link were 4 operative between the first and second
computers. 16. 13 nethodethodondiordirtg tol daim 813, whvéreetin inp:mtih'gn@et detdata 2
conpriges f f [ o) r in

mul ti p? eXIC(!Iil g%?}h& Eggel{fl?\gea?%sfergﬁggg grrrgﬂéatﬁ%huﬁmg oy LH’I@ filrs’['jl Vﬁﬂxg%gs N
4 accordan@@%Mﬁt$ﬁm@ﬂndhpDhétﬁﬂﬁﬁé%p@@@ﬁ@h1¢%éumnﬁepnhhé &hgkshakéW§§Senbled
into fheostRghe bedhvass etk AHGAMseldnd fo fiad. according to claim 16,
wherein assenbling the received 2 data conprises reordering the received
frames in accordance wth the nunbering [ayer and renoving the nunbering

| ayer from thelframgs,msodhateaddi at@pkl‘a@@t Bonwhereith Ngpartitdetheedand

COMPULET LSRBRAES 18,08 3l RRUAN- o ki SohLG 1S oaLabl Vo

multiplexing the data comprises addmg a numbering layer to the frames, in
4 accordance with which the frames transmitted over the links are assembled into

the single, ordered stream.

17. A method according to claim 16, wherein assembling the received

o

data comprises reordering the received frames in accordance with the
numbering layer and removing the numbering layer from the frames, so that an
4 application running on the second computer receives the data as though only a
single link were operative between the first and second computers.



