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BACKGROUND

The easy access to information, via the internet, for example, has

15 increased the demand for wireless data services. Wireless communication

equipment is currently in place to accommodate mobile users for voice

communications worldwide. Current systems include Code Division Multiple

Access (CDMA), Global System for Mobile Communications (GSM), proposed

High Data Rate (HDR) systems, and various proposed third generation CDMA

20  systems, each having predefined protocols for transmission and processing of

information. As there are significant differences between the requirements and

applications of voice and data services, many existing wireless systems

designed for voice communications and lower data rate transmissions are not
readily extendible to higher data rate transmissions.

25 There is a need for a method for high data rate transmission compatible

with existing systems and technology. Further, there is a need for a method of

data transmission that does not require new and/or modified radio network

protocols for transmission.



5 enbodi nent, a CDVA wi rel ess conmuni cati on systeminplements a Miulti- Link
Poi nt -t o- Poi nt Protocol (M.-PPP) to aggregate data streans received from a
wi de bandw d/ps78F ansm ssi on. The aggregated data is then peBUB@HIesS or data
processing, such as interface with an internet protocol. For transm ssion
froma nobile unit, data is received irp M-PPP format and separated into

i ndi vidual 10 data streanms. Each data streamis nodul ated on a different
carrier and broadcast concurrently. TSEMMARYati on of M.-PPP allows high
data rate transm ssions in a CDVA systemw thout requiring new and/ or

nmodi fied air ‘interface radio network protocols and provides a data rate
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interface radio network protocols and provides a data rate higher than
achievable using a single carrier.
15
BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the presently disclosed metilod
and apparatus will become more apparent from the detailed description set
20 forth below when taken in conjunction with the drawings in which like
reference characters idenﬁfy correspondingly throughout and wherein:
FIG. 1 illustrates a layering architecture of a wireless communication
system according to one embodiment;
FIG. 2 illustrates a frequency bandwidth assignment of one embodiment
25  in comparison with a prior art wireless communication systems;
FIG. 3 illustrates a wireless communication system having an
architecture as in FIG.1 according to one embodiment;
FIG. 4 illustrates a mobile unit according to one embodiment; and
FIG. 5 illustrates load balancing in a wireless communication system

30 according to one embodiment.



streans received froma w de bandw dth transm ssion using an HDR air -

i nterface nmethod. Wiile other enbodi nents may inplenent any of a variety of
per - user wonnzysi on net hods, HDR is very efficient specifPCEUBYy/P035 dat a
transm ssions. 10 FIG 1 illustrates an architectural |ayering 10 of an
exenpl ary enbodi nent of the present ingention. The physical |ayer 12

I ndi cates the channel structure, frequency, power output, nodul ation type,
and encoding specifications for the forward and reverse |inks. The Medi um
Access Contr ol &N%C er 14 deflnes the rocedures used to receive and
transnit over PH AdéEEh BEVIBQD | ayer 14
I ncl udes schedul i ng capabllltles to balance users or connections. Such

bal anci ng typically schedul es |ow throughput for channels with poor
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25 are dramatically different fromthe data in order to reduce errors. The

HDLC Iayertrmnp%&l(ﬁmﬂrrs fram ng of the data prior to PPP processing. The
PPP | a t d co ression t henti.cati encry t|o and
nulti-ﬁﬁot ocol %?Sp %rﬁ@%?%f%cgﬁy%ﬁ% Ilgyé’rf I?g ryack of
i nter netmrehlb&ﬂefeﬁesafnﬂle E!Eeééhi figy&Mor 0dfse PHOLICEE 18} r90h Qﬂdﬁﬁ&éaﬂ%s1 and
recogni zes 30 incom ng neSsages. Protocols running om top of PPP, such as
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(MAC) layer 14 defines the procedures used to receive and transmit over the
15  physical layer 12. For an HDR system, the MAC layer 14 includes scheduling
capabilities to balance users or connections. Such balancing typically schedules
low throughput for channels with poor coverage, thus freeing up resources
allowing high throughput for channels with good connections. The next layer,
the Link Access Control (LAC) layer 16, provides an access procedure for the
20 radio link. The Radio Link Protocol (RLP) layer 18 provides retransmission and
duplicate detection for an octet-aligned data stream. In the context of a packet
service, the LAC layer 16 carries Point-to-Point Protocol (PPP) packets. The
High Level Data Link Control HDLC layer 20 is a link layer for PPP and ML-
PPP communications. Control information is placed in specific patterns, which
25 are dramatically different from the data in order to reduce errors. The HDLC
layer 20 performs framing of the data prior to PPP processing. The PPP layer 22
then provides compression, authentication, encryption and multi-protocol
support. The Internet Protocol (IP) layer 24 keeps track of internetwork
addressing for different nodes, routes outgoing messages, and recognizes

30  incoming messages.
Protocols running on top of PPP, such as IP layer 24, carry user traffic.

Note that each of these layers may contain one or more protocols. Protocols use



the other side of the air-interface. For exanple, in a H gh Data Rate (HDR)
system protocols send nessages with a default signaling application. The

architectwoe2/4043 s applicable to an Access Network (AN) fpeT/USoym903s di ng

data connectivity between an I P network, such as the Internet, and access
termnals, including wireless nobile unidts. Access Terninals (ATs) provide
data connectivity to a user. An AT may be connected to a conputing device
such as a kigmatipgpeessages andputheadens toesoriveydnéerinhatimnt@ianeser atidy odevi ce

such as a persgnal .digital assistant. There are a variety of wr .10
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system Alternate enbodi nents may i nplenent th ATETAT S
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standard," the "TIAEI A 1S 95 bi_lag St ati on- nge Station_  Conpatihility
Standard f 8Visgatuchipae aPEERRAH degifal assisha: r dRere e RaVariefyselemyireless

connecty on b IRl aRSevehlBcle iy JEHEHE cpylbs WL B35 %0 Bonn
(W deband gpghahdedi i @bMpplisices. AeGesiibtrtdd I FRGT acRyeRaBévDiHd RLP 25

Standard for 1.85 to 1.99 PCS Applications" referréd to as "W CDVA. "
The use of layemil8: ansl sersinecneivwayktlepersoand, dayses hetbwdhe HPAks lyssi20narei s

di scl d in,the fol | . S. . Patents: .U S. .. Patent 4,901, 307, .

ent 1] o0~ SPRRAS BB TRV TBEE ¥ REDE8S SN BYesy e Beiaie

SATELLI TE ERers3fe FEARESER the RERRATERRk MPeR2bRHE SxBEHIHS0BIEEent
15 implement the "TL80-54421-1 HDR Air Interface Specification" referred to as

"the HAI specification.” The HAI specification is sometimes referred to as
"IXEVDO." HDR generally provides an efficient method of transmitting data in
a wireless communication system. Alternate embodiments may implement the
"TIA /EIA/IS-2000 Standards for cdma2000 Spread Spectrum Systems" referred
20  to as "the cdma2000 standard,” the "TIA /EIA /IS-95 Mobile Station-Base Station
Compatibility Standard for Dual-Mode Wideband Spread Spectrum Cellular
System," hereinafter referred to as "the IS-95 standard,” or other per-user
connection systems, such as the "ANSI J-STD-01 Draft Standard for W-CDMA
(Wideband Code Division Multiple Access) Air Interface Compatibility
25 Standard for 1.85 to 1.99 GHz PCS Applications" referred to as "W-CDMA.."
The use of a multiple access system for voice and data transmissions is
disclosed in the following U.S. Patents:
U.S. Patent No. 4,901,307, entitled "SPREAD SPECTRUM MULTIPLE
ACCESS COMMUNICATION SYSTEM USING SATELLITE OR
30 TERRESTRIAL REPEATERS;"



5 U S. Patent No. 5,103,459, entitled "SYSTEM AND METHOD FOR GENERATI NG
VWAVEFORMS | N A CDVA CELLULAR TELEPHONE SYSTEM " U.S. Patent No. 5,504, 773,
entitl ed wWo/BETROIF AND APPARATUS 5 FOR FORVATTI NG OF DATA PFORUSRANSM SSI ON; "
each assigned to the assignee hereof and expressly incorporated by
reference herein. As the frequency specsrumis a finite resource, these
systens provide nethods for maxim zing the use of this resource by sharing
t he spect rumliSi IRatenpdlar. t3,108,459], angieledutB¥STENT ANID SMETHODOF@Ri nmal
interference. The extension of these nmethods to the high speed

transm ssi on of CEBYERAMNGs MAYERIRMG sTiNngAhalddMie LBEAKar e.
Designers alrea 1 N | such standards and nethods may use this
know edge and eiﬁ&%’?ﬁ@ﬁ%ﬁmd these systems to high speed data
transni ssi ongy 51 P4ieni0o NG, e5TE0LT 7% Ndntit P MRIFIUED QNP APEARATG ecture 10
in awreless system as shown in FIG. 3 and 4, allows the use of
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included in a wi de bandwi dth frequency, allocation, such as that
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o a W er ehannel, dhas ;

illustrate epand transcel suc consunes t he

entire bangteil Brovide trhiethwdd dbandaringtfgokhdage sfegiignesbdres byoi ce _
comuni cations, it is not readily extendible to data conmunications and is

i nef fi ci enshdring rihgispgciroin avhited suppertingeelargaturiker bhndetsdwith i s
ST ot e 205! TS ERUR, OO .85 GRS Ly 20 (100
TLcrizce BEERLe AT CHhaeteual SameaR SN [ crs,
aggr egat e Desighkrealreddy damilisr ei6suds sGhdando ahdagetnids fraynadd ed f or
PPP processing and | P routing without creating a new air-interface or
changi ng this knowledge and experience to extend these systems to high speed

data transmissions.

15 ' Iﬁ one embodiment, implementation of the architecture 10 in a wireless
system, as shown in FIGs. 3 and 4, allows the use of multiple carriers for
transmitting data. The multiple carriers may be included in a wide bandwidth
frequency allocation, such as that illustrated in FIG. 2. A given bandwidth B is
indicated along the horizontal frequency axis. In one embodiment B is

20 approximately 5SMHz. As illustrated, a wideband transceiver channel, such as
WCDMA, consumes the entire bandwidth B. As the wideband protoéol was
designed for voice communications, it is not readily extendible to data
communications and is inefficient for mixing voice and data. Note that the
bandwidth B is sufficient for three (3) single CDMA carriers, such as 1.25MHz

25 (IxMC). This concept is exploited in 3xMC by changing the radio network air-
interface protocols, and transmitting data streams on distinct carriers.

In the exemplary embodiment of the present invention, the ML-PPP is
used to aggregate the three (3) carriers 26, 28 30 into fragments formatted for
PPP processing and IP routing without creating a new air-interface or changing

30 the existing radio network air-interface, i.e. using existing layers 12, 14, 16, 18 of

architecture 10 of FIG. 1.



30 the existing radio network air-interface, i.e. using existing |ayers 12,
14, 16, 18 of architecture 10 of FIG 1. WD 02/23745 PCT/ US01/29155 6 In
accor danoeowt/23t4dne enbodi ment, FIG 3 illustrates a w r eP€pESEYMIBM 32
having a nobile unit 34 coupled to a base station 46 via an air-interface
62. The system 32 includes radi o netwokk portions and service network
portions, each defined according to architecture layers illustrated in
FIG 1. The nobit acdordante 84th oé enhbsdameid, HRBP3 jHastestison Biveless system
bi-directignally coupled to_ three (g% nmodens 38, 40, 42. The Radi o _Link
Protocol | &9éaving agpplie yndd4 reunled de a asendelion A8 viaan; airinigtiage 62nhe

' | ' , 36 sid d
theradi o MEPGSPIEN agar e Bles TR R o e S SRRIE pojBole” ™"
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Air-interface transm ssions may be perforned consistent wth the CDVA
st andar 8s, unitc3duitiangdéruan ML-BRhprecssar 365b98jrectSordho cowpledDivithaesl (3IDR.

B X TR R e B S STool T B RapleEmE b 18 19
consistentg e?:ti‘bﬂ?. 3@?@&1&:&?&,‘ R{é servidb Atk Brik MyerE 0y irﬁﬁien‘ne?%&& o2tk
specifies the forward channel pilot, sync, and paging geheration, as well

as nodul aMIoPPPdpraudssdat 3@ Bidenshd ol pgdicon@iektlaybe sprkednsdhantdiden
transm ssion over the air-interface. The M.-PPP processor 36 perforns

nul ti - | i nkThpemadentss 38o 4o d2dinraatiurthar | hirdirectionalpecriznied | tonks, anpleg
provi di g virtual |ink havin | arger .20 bandw dth than each .

Ponst | Lenfrafpve woienls " At B ard bR PR Peremelctpsistents e
via each ”Rﬂﬂrﬁ%ﬁ@c}ém%an&él‘%lsa%ﬂﬁ&ﬁgg@u@%{& lisifeliaRs MBosedsago® weundl e
via conductor(s) 64. According to M.-PPP, "fragnents" are formed when a
si ngl e dat €DBNAeamdi HDR.ofen anneéxempiaty phebadinemtsHATyspecHlidsythee@vhbrse

fragnent includes a hegeader containing a sequence nunmber and field(s) 25
i ndi cat i ng“tHE e@‘??ﬂﬁﬂ% @gt@ﬂ?ﬁ‘flﬁa’f‘é 6ﬂte6]lea¥1rt8ac%§¥¢ geReratione pBRkp leBIF

enbodi ment 2260, M BER AL RMTR RLith @b BrPARKE! sARfAP ST HiRidaS 1&yer

15 12 specifies the forward channel pilot, sync, and paging generation, as well as
modulation, demodulation and coding to effect the spread spectrum
transmission over the air-interface.

The ML-PPP processor 36 performs multi-link operations to coordinate
multiple independent links, thus providing a virtual link having a larger

20 bandwidth than each constituent link. In this embodiment, the individual links
are processed via each modem 38, 40, 42, the aggregated data is transmitted as a
bundle via conductor(s) 64. According to ML-PPP, "fragments" are formed
when a single data stream is broken into multiple streams. Typically, each
fragment includes a header containing a sequence number and field(s)

25 indicating the beginning or termination of a packet. In the exemplary
embodiment, each ML-PPP fragment is an IP packet and therefore is a
beginning and a termination packet.

Each signal modulated or demodulated by modems 38, 40, 42 is received
at or transmitted from mobile unit 34 via analog transceiver 44, which is

30 coupled to an antenna 45. Each modem is associated with a specific carrier and

the mobile unit 34 transfers and receives signals of each carrier via antenna 45.



begi nning and a term nati on packet. Each signal nodul ated or denodul ated by
nodens 38, 40, 42 is received at or transmtted fromnobile unit 34 via
anal og t veaswedrwer 44, which is 30 coupled to an ant ennapdBUSHzOmSSOdem i s
associated with a specific carrier and the nobile unit 34 transfers and
receives signals of each carrier via anZenna 45. WO 02/23745 PCT/ US01/ 29155
7 Using M.-PPP, or a simlar multi-link type protocol, the data nay be
split and reconbisivegl MLERR iorga sahidme ymadtidinlopype iprgtochl, ahghdath . mapee
conposi tion of fragnents may be designed and schedul ed so as_to inprove

| oadi ng, afRlit pasl reeqnbined, apdpeingnlateney snddrwprPus, thipugheuéxenieary 5

Fecei ved b§oMECRRITLPEAREPRE AR b R R Abics RRgL BTN B CintBtowne *°
data are I&Qﬁﬁ%,egnéstkﬂlﬁ Ragkels difMbRg RBeH baAdRIIH, ednf fRiMeRBm Ba)myet wor k
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ther ef or e, o} R ePE B RER RAAREIRAN bRl WonPRR 1BGhGorTHE o P

packets are pleces o contaln a source an

desti nat i oBolputér RethdrkDETIRsdatal packes) flceibedt @napiligcgirbe B)CikEependéntThe
M.- PPP processor 36 separates the fragments and reconstructs the three (3)
origi nal ddate yreazansA dote sispamimay heeengiderethe sommeination pireling. ndgem

38, h dem.40, d il her t , dem 38, 40,
42 modil o DS PRBIBE A RS eYs bEFY BT A GOE PR rFeln e BT ide (3)
different Eﬁ%%%%h?%a@lﬁ qPU?Q&ket F5 O MMAePPP 3Bacfifnt 4R34, hereflitba thE ITPans
are 20 provided to anal og ttransceliver 44 for transm ssion. Each of the

i ndependenpacldds aresaggregstedintowenMI-Rir¥rburicie. dhedP gatkets and plecegjofthey

within a predeterm ned bandwi dth. Effectively, each data stream has a
cor r espondfakR st PIHBASONICY g degtingtian byt ate r(Oé)neSﬁ%a%me@teéo not

overlap. A gRak packets.
15 The ML-PPP processor 36 separates the fragments and reconstructs the

three (3) original data streams. One of the three (3) data stream is fed to modem
38, another to modem 40, and still another to modem 42. Each modem 38, 40,
42 modulates the received data stream on a unique carrier, ie., three (3)
different frequencies are used. From modems 38, 40, 42, the data streams are
20 provided to analog transceiver 44 for transmission. Each of the independent
data streams is then transmitted at a different frequency within a
predetermined bandwidth. Effectively, each data stream has a corresponding
bandwidth wherein, ideally, the three (3) bandwidths do not overlap. Alternate
embodiments may employ any number of modems to reflect any number of
25  separate bandwidths.

FIG. 4 illustrates the correspondence between modem carrier and
bandwidth for an exemplary system in accordance with one embodiment. For
data received by mobile unit 34, the signals are separated by carrier frequency
and sorted to their appropriate modem for processing. From modems 38, 40, 42

30 the baseband signal is provided to ML-PPP processor 36 for aggregation and
transmission as a bundle via conductor(s) 64. The ML-PPP processor 36

operates according to software that is specific to the requirements of mobile



enbodi mrents may enpl oy any nunber of nodens to reflect any nunber of 25
separate bandwidths. FIG 4 illustrates the correspondence between nodem
carrier awaoxmdwi dth for an exenplary systemin accor dapCEUS#II1TINEe
enbodi ment. For data received by nobile unit 34, the signals are separated
by carrier frequency and sorted to theigr appropriate nodem for processing.
From nodens 38, 40, 42 30 the baseband signal is provided to M.-PPP
processor 36iff 34 aadgiegdtifare 6hdDats ) fagasinded andacombided accardingdodt or (s)
64. The M.- PPP processor 36 . operates according to software that 1s
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A 10 grade of gef unmRsCo@Lehemaﬁeﬂ dyeted the MAC ?dﬁfsétgpldail yalesgiied Or in
this case of a carrier, and results in allocation of throughput to those

users havi teyhpadiedpad belancingby @éh@ftdg% yserapeediog twqm&léymj seeicef Auser s

th t I f.fast
i 1 A he BEeOf PR lS SRR baTeRT o P SHlEF R o Potraobdt e e of
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according to the grade of service of each he three ni cations.
Wien the tcavempgesi Govefaga igi affectedarbyi ¢ne msinoleeyr aﬂeﬂeﬂum the) syskemm, the

i nterferenc environnental |imtations, etc. at_carrier wll_be
schedul ed ngsmmvwwee@h reqRf c,fﬁstnféyh%slauihm#h%rﬁtpncSrYeséereoﬁi’t REughput

for anot heExﬁl%ﬂtr 8 bMLil 18AG rl].ﬁ[an%ﬁr?éj gaﬁe{blﬁ%r Yt & MAC layer to schedule the

15  three (3) modems 38, 40, 42 according to the grade of service of each of the three
(3) communications. When the transmission of a given carrier is degraded due
to user interference, environmental limitations, etc., that carrier will be
scheduled for lower throughput, which may result in an increased throughput
for another carrier with higher grade of service.

20 - Additionally, load balancing may be implemented in the IP layer 24,
wherein throughput is determined by the target IP address. At this level the
source and destination of all IP packets is known, and therefore any
combination of modems 38, 40, 42 may be implemented. Scheduling at the IP
layer removes the ML-PPP from the scheduling decisions. In one embodiment,

25 data is processed on multiple paths, each having a PPP processor. Each path is
then provided to a router. The router enables the IP scheduling by selecting
between the available paths.

Note that ML-PPP processor 36 may be implemented with a
microprocessor having memory for storing software instructions to perform the

30 multi-link aggregation and separation. Further, hardware, firmware, or a
combination thereof may be implemented for efficiency and to increase speed.

The specific operation of the ML-PPP may be designed so as to be unique to the



20 Additionally, |load balancing may be inplemented in the IP |ayer 24,
wherein throughput is determned by the target I P address. At this |evel
the soumweozmi4tlestination of all | P packets is known, anPdTURer®izs e any
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data from chbagepsidihp®asdbtation 48 fecéivbe tHag@iltBlarrhs trdrsusissiohed thiee8G 1,
protocols below |layer 18 define radio |link transm ssions over

ai r- i nt er f aoterars 66h68, ZorEachpdataistepapanbas gicariespoudingepathviadaspstation
multi-carrier transm,ssi.on at three,(3) _antgnnas 6 6. 7 Each_dat a

St eamifias 4 LHPROCH ORI A BEEROT S A2, EhG FORRs Y Anrcheer d1Gadh Fetih
corres pond?aﬂg iRc1G8ES h Bask MBAHERGYePSMLVERSS (BTS tlf'e)t-%e%é?&es AL Rodviglqudes a
Base Transceiver Subsystem (BTS) that génerates the forward CDVA channel

and denodulGD¥EA t tfermebi dmed t demedtiudgeontde Foobileiteasmikssiansni sEoron®itdhe BTS

produces vocoded franes._ Each antenna 66, 68, 70 is . coupled to a BTS 48,
50, 52, remwwv%gﬁgm@ es W@,coggd itEamere n Eaghy pndenna, 60568, Bhise

Station Confyolleer, { BRSUs54, 530resRetib AFP R0k HIVas, 56! 5 R fGnlchABRI R51 ONS.

15  a Base Station Controller (BSC) 54, 56, 58, respectively. For voice transmissions, -
a BSC receives vocoded frames from the BTS and converts them into PCM
signals. Alternate embodiments may provide an integrated BTS for handling
multiple paths. For voice transmissions from base station 46, a BSC converts
the landline voice signals into vocoded frames then sends them to an

20  appropriate BTS. Alternate embodiments may provide an integrated BSC for
interfacing with multiple BTSs or an integrated BTS. The BTS transmits the
received information via a corresponding antenna having a predetermined
carrier frequency bandwidth. Each BSC 54, 56, 58 is coupled to a Packet Data
Services Node (PDSN) 60. In this way, the base station 46 is able to process

25 mul’ci—carrie1\' transmissions with mobile unit 34. The PDSN 60 uses ML-PPP to
process data for communication with an IP network.

Signals transmitted from mobile unit 34 are sent via the air-interface 62
and received at base station 46 as single-user signals. In other words, the signal
modulated by modem 38 is received by antenna 66 and demodulated at BTS 48,

30  the signal modulated by modem 40 is received by antenna 68 and demodulated
at BTS 50, etc. Each of these individual pairs acts as a single-user channel in a

wireless system, such as a CDMA system according to the IS-95 standard. To



a BSC receives vocoded franes fromthe BTS and converts theminto PCM
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15 packets and may include signaling information. The RLP packets are then
provided to the BTSs 48, 50, 52 for transmission via the air-interface 62. The
mobile unit 34 receives the signals from the BTSs 48, 50, 52, and in response the
modems 38, 40, 42 recover the RLP packets, which are further processed to form
ML-PPP fragments. The ML-PPP processor 36 aggregates the fragments and

20  transmits the resulting bundle to the IP network.

FIG. 5 illustrates a multi-link fragment format 80 according to one
embodiment. Each fragment contains a portion of one data stream. Within a
fragment a first portion or field contains a PPP header 82. Within the PPP
header 82 are an address field 92 and a control field 94.

25 The PPP header is followed by a protocol identifier (PID) 84, which is
followed by a ML-PPP header 86 made up of a sequence field 98 that
increments with each fragment in a PPP data packet, and alignment fields 96
indicating whether the fragment begins or ends a PPP data packet. The
exemplary embodiment implements a non-fragmented ML-PPP format. A PPP

30 data packet is part of a data stream intended for communication between two

(2) resources. The ML-PPP bundle includes several data streams for multiple

pairs of resources broken into PPP packets. The fragments for the multiple



mobile unit 34 in reassenbling the bundle. The PDSN 60 then outputs M- PPP
fragnments. At this point, HDLC fram ng occurs. The fragnments are provi ded
to the BBETe2/Z¥4556, 58 to generate RLP packets. The RLP parkstigaise M- PPP
15 packets and may include signaling informati on. The RLP packets are then
provided to the BTSs 48, 50, 52 for tramkm ssion via the air-interface 62.
The nobile unit 34 receives the signals fromthe BTSs 48, 50, 52, and in
response t Ipairs ob desmurdss armthehhggegaﬂed LheirRbdeapack ¢d Sormba bimdiee The t her
processed to form_M.-PPP fragnen M.- PPP processor 36 aggregates the
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i nterl ig g}_ 119 %}berﬁlaé B“E#Iﬂa %ﬁe%]‘rfaé élg%crl%gesqqeg ?I@g@@u{ﬁeﬂflldﬁg of
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assi st in keeping the fragnents of PP data packet together, and

identify m/mm;ebeau@d‘ rf«algmemheb]egﬁonqaemtgt ends. caﬂaulateeaSc}mmh@durmr&otverlfy
illustrated in FI Gd the alignnment fields 96 include a beginning bit "B"
and an endtiRgsBiite Bat.These bits are cleared for all fragments except the

first and last Hf@gpefilSirhts® ARfkShrrier transmission within system 32 of data

15  received via conductor(s) 64 and transmitted from mobile unit 34 over thec air-
interface 62. The data is received in an ML-PPP bundle, a portion of which is
illustrated for the path labeled "ML." The bundle is made up of a series of
fragments illustrated in reverse time order starting on the left. Each fragment is
identified by a path number and a sequence letter. All of the fragments that

20  were processed by modem 38 come via path "1," fragments from modem 40 via
path "2," and fragments from modem 42 via path "3." As illustrated, the first
fragment is from path 1, labeled "1IA." The next fragment is from path "2"
labeled "2A," and the next from path "3" labeled "3A."

Similarly, the next four fragments are received in the same order, cycling

25 through paths 1, 2 and 3, respectively. At some point before the eighth
fragment the ML-PPP processor 36 determines that modem 38 requires more
processing time than the other modems 40, 42. By the eighth fragment, the ML-
PPP processor 36 adjusts the scheduling to try and accommodate modem 38
and at this point two (2) extra frames are allocated to modem 38. The data

30 transmitted from each modem to ML-PPP processor 36 is also illustrated. As
shown, the ML-PPP 36 receives tilree (3) data streams, separates the data into



Note that during transm ssion, the size of the M-PPP header 86 nay be
reduced upon coordination with the other participant. The fragnent data 88
10 fol | omeOvhez37M8 - PPP header 86. Finally, a Frame Check SepqD@ERe29(#5CS)
field 90 or other error correction field is appended to the fragnent. The
FCS field 90 may be used for to check 1dr parity or to calculate a
check-sumto verify transmtted data. FIG 6 illustrates a nmulti-carrier
transm ssi dragmdriis,nanygisaggnegatesf theafragniehits. e CEhe eagregatednbuedler jssyhetd and

transmtted fromnobjle unit 34 over the air- interface 62. The data is
recei ved i Pranded-tp ffsmmhéc,at@ngamqm&mtow@h is illustrated for the
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time than the other nodens 40, 42, By the eighth fragnent, the M- _ PPP
processor 8achajodsrs. Laad dakawing ispeartormeg torprefetc ghdathde m@mand at
this pojnt .t 2 t fra are allaocated,to nodem 38. The data 30
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shown, the M.- PRR SRIihSCHI e exéMbRy (chbédinfert! HeARobiRORA B aacliiRs dat a
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via conductor(s). 64..  For data transp,tted fromupobile unit 34, M-PPP 36
recei ves ﬁe@%&geahw%rw &ép%wgilésumt ¥t dhe SRRt stasask oY Pe

streams acGidhdd §Phin the ML-PPP processor 36. The instructions operate in

15 coordination with dedicated hardware for aggregating and separating the

information signals, modulating and demodulating the information signals, and

transmitting and receiving signals via the air-interface. Included may be

instructions implementing decision criteria for load balancing, as well as

specifics on implementations. In one embodiment, the ML-PPP 36 is made up

20 of at least one application specific integrated circuit. Alternate embodiments

may implement a combination of hardware, software, and/or firmware
designed to perform the various functions of mobile unit 34.

In one embodiment of the present invention, the mobile unit 34 includes

. a parallel processing path (not shown) for voice communications. The voice

25  path includes a modem coupled to a vocoder for processing speech. The data

path having three (3) modems and the voice path having one (1) modem may

operate concurrently.

Thus, a novel and improved method and apparatus for high data rate

transmission in a wireless communication system has been described. While

30 the exemplary embodiment discussed herein describes a HDR CDMA system,

such as described by the HAI specification, various embodiments of the present

invention are applicable to any wireless per-user connection method. To effect



5 its destination. The received data is typically network traffic in the
formof IP packets. According to the exenplary enbodi nent, the M- PPP
processomw@6223et ermi nes a data rate associ ated w th eachPdpU801E91%am
i.e., associated with each nodem Load balancing is perforned to prefer
the high data rate nodem 10 In this wi, the latency of the systemis
reduced. According to an exenplary enbodi nent, the nobile unit 34 includes
a nmenory sffmegeotemunicativos, theemeiniflary embodirgenbispleseribed addbtespect
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i nvent i on, optiealrfiddds$ er particlés} ot any vdebinatigatlarésl processing path (not
shown) for voice communi cations., The voice 25 path jncludes a nodem
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30 the exenpl ary enbodi nent di scussed herein“describes a HDR CDVA system
such as debesrdwaxe, bgmphdet-iftwarec of combirmtionsafibotls. Ehbodiivesilbushfatives

RN IR T R, SN BB SR
in terms of their functionality. Whether the functionality is implemented as

15 hardware or software depends upon the particular application and design
constraints imposed on the overall system. Skilled artisans recognize the
interchangeability of hardware and software under these circumstances, and
how best to implement the described functionality for each particular
application.

20 - As examples, the various illustrative logical blocks, modules, circuits,
and algorithm steps described in connection with the embodiments disclosed
herein may be implemented or performed with a digital signal processor (DSP),
an application specific integrated circuit (ASIC), a field programmable gate
array (FPGA) or other programmable logic device, discrete gate or transistor

25 logic, discrete hardware components such as, eg., registers and FIFO, a
processor executing a set of firmware instructions, any conventional
programmable software module and a processor, or any combination thereof
designed to perform the functions described herein. The processor may
advantageously be a microprocessor, but in the alternative, the processor may

30 be any conventional processor, controller, microcontroller, or state machine.
The software modules could reside in RAM memory, flash memory, ROM
memory, EPROM memory, EEPROM memory, registers, hard disk, a



ef ficient conmunications, the exenplary enbodinent is described with
respect to HDR, but nay also be efficient in application to IS 95, W CDVA,
| S- 2000, wGBM37FDVA, etc. Those of skill in the art woul dPandseIE92assd t hat
the data, instructions, 5 comuands, information, signals, bits, synbols,
and chips that may be referenced throughout the above description are
advant ageously represented by voltages, currents, electromagnetic waves,
magnet i ¢ f kredsable disit,ta CDeROM, aptanyadthiet ébris obstopagd metiasn kaovanin the

conmbi nation thereof. Those of skill would further apfreci ate that the
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and steps have been described generally in terns of their functionality.
Whet herd t henifxoprocensat,idryasiteoi mizirepreatessbra sn ¢dnjhactivwanithoa DSEfdongredc.depends
upon the particylar application ,andgg sign constraints inposed on the
overal | syst em 186 PieNtpus drssHRLoRcRlofin PEciered srhberlarananBroYIdsdop
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t he descri or eac articu i cation.
exanpl es, whgouanhedifichtibnsty didse erhibgdieddntb vaitidse rewetilyl gsparehf edlithése and
al gorithm steps described in connection with the enbodiments disclosed
her ei n nayskidlefnipl heert cand thegenasinpringiples defines hatein ingaja be pppdiedstor
(DSP), ,~an | i cat k.on eci.fic . jntegrated.circuit 10, a field
progr aiwmbpgp%a g"‘%ﬂﬂ%@g FBB@&?‘ th? u(?? ﬁ)z B Blg@%"o hus e rgsent
di screte gaherlon &t igleAted Po beGirkited kS TREEMLBAIHWRE ShEWFPRARH Bufiich as,
e.g., registers and FIFO, a processor executing a set of firmiare
i nstructi obts,beanycardedetitd ovidest propgr aomsisient seith wheeprindiples and aovel
processor, .or any. cqnbi nati on thereof designed to performthe functions
descri bed F@F‘é?%.dlﬁlqi%s €9sor may advant ageously be a microprocessor,
but in the alternative, the processor may 30 be any conventional processor,
controller, mcrocontroller, or state nmachine.

15 I(WE) CLAIM:



The software nodul es could reside in RAM nenory, flash nenory, ROM nenory,
EPROM nenory, EEPROM nenory, registers, hard disk, a WO 02/ 23745

PCT/ USO1MO 15237434 renovabl e di sk, a CD-ROM or any ot her PEDURVIENI13St Or age
medi um known in the art. The processor may reside in an ASIC (not shown).
The ASIC may reside in a tel ephone (not5shown). In the alternative, the
processor may reside in a telephone. The processor nmay be inplenented as a
conmbi nation of a DSP and a 5 m cropr €deABMS, or as two m croprocessors in
conjunction with a DSP core, etc. The previous description of the
preferred enbodi nents is provided to enable any person skilled in the art

to make or ,use tyhe. | ] varl ok odifications to these
enbodi nment % wi | ﬁhﬁ’é&?egsg%?ﬁ‘ﬁ%ﬁgﬁléﬁ?PP%%H%SC@HI%@P%d in the art, and the
generi cp pri nci phefseigiodentlop@btive torenhd 8RRl d Bkt bnh het-her a arediAENt

wi thout the use of the inventive faculty. Thus, the present” invention is
not intended to be | iftequedcy  proslusaiadfiisirifosmstiomeignelei n but is to be

accorded the wi dest scgope .consistent with the principles and vel|
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CLAIMS 1. Awreles r@pf.ég'- I S NG [ nmodem
operative to denodul g?cg)%a |Jf‘lg?wseﬁgﬁg[wcﬁ%%?ﬁgu%ec?ig?ésdtrﬁicgg(r)fé?ﬁoérSe%‘E?é’ncy to
producesa first infomwtairéianttel final carfien faependy o dbfferperfadimythd Second

denodul ate a second signal having a _second carrier frequency to produce a
second i nformation sciigr freqgenggragich the first carrier frequency is

di f f f h d ier f - and. 8 4= ]ink i
orotocdl  pr oces o BEERR s E Y Elasel BRKE ko uYe R Rbrtbatel ARflor mat i on

signals. ‘ and second information signals.

2. The apparatus of claim 1, wherein an aggregation of the first and second

2  information signals is in point-to-point protocol (PPP) format.

3. The apparatus of claim 1, further comprising:
2 a third modem coupled to the multi-link internet protocol processor, the
third modem operative to demodulate a third signal having a
4 third carrier frequency to produce a third information signal,
wherein the third carrier frequency is different from the first and second carrier

6 frequencies.

4. The apparatus of claim 3, wherein the first, second and third carrier

2 frequencies are within a predetermined bandwidth.

5. The apparatus of claim 1, further comprising:
2 an analog unit coupled to the first and second modems, the analog unit
operative to receive the first signal at the first carrier frequency

4 and the second signal at the second carrier frequency.



2. The apparatus of claim 1, wherein an aggregation of the first and second
2 information signals is in point-to-point protocol (PPP) format. 3. The
apparat uwob2/zd7ai m 1, further conprising: 2 a third nodenPCDUpbIE$1350 t he

mul ti-link internet protocol processor, the third nodem operative to
denodul ate a third signal having a 4 third carrier frequency to produce a
third information signal, wherein the tilnérd carrier frequency is different
fromthe fiorst dine appacatts odicldier 5, Wheredn tienandeg vhit Bhapaptiae & vscedfe cl ai m
3, wherein the first, second and third carrier 2 frequencies are within a
predet ef i Gignabaabwhetist endsesond pearaier dresfueprigp And pProvideceackoppspisi ng: 2

operative SRR TLrbpi Rl bof B AR et B PR By TTequeney 4 and

t he second signal at the second carrier frequency. WO 02/ 23745

PCT/ US01/ 29155 16 6. The apparatus of claimb5, wherein the analog unit is
operative Vo redbieappazates ghealasmd, winrein thetfiratuhoslenvisdpeaativeeto f r equenci es
and proyide each of _.said, signals to correspondi ng one of the first and
second Apddnedilate méaagtio siEnalsat the r%cefrlwfﬁ@%cm@dfq%@sspccrﬂ%em i s
operative ] L1 i i . i I: frequency
and the segig%%&q%%%ﬁ%%ge g%g?‘%@é%& (g nodadu 13%12'5?1% g;dfrlréa%%%éﬂagdl’aéﬁa s at the
second gar fiefuendy.f requency. 8. The apparatus of claim1, wherein the

mul ti-link internet protocol 2 processor is operative to schedule the
first and second information signals to performload bal ancing of the

first d d ..9. Th t f claimg8,. in.th
Ul £1 -1 nk Bt oA SRR oF SagRo de Stel dhe et tindy r R5toPEtBrRk al i ¢y
of oMt eprs@AGADIsCopdtivl 4b i RRETR! Pledfhst Ant\RcaRRANRTaticHDsighAR to

apparatus of claim8,” wherein the nulti-link internet protocol
perform load balancing of the first and second modem:s.

9. The apparatus of claim 8, wherein the multi-link internet protocol
2 processor operates according to a plurality of computer readable instructions

stored in the apparatus.

10.  The apparatus of claim 8, wherein the multi-link internet protocol
2 processor is operative to produce an aggregate bundle comprising more
fragments of the first information signal than fragments of the second

4  information signal.

11.  Inawireless communication, a method comprising:
2 receiving a plurality of signals each having a unique carrier frequency;
demodulating each of the plurality of signals into a plurality of
4 information signals; and

aggregating the plurality of information signals.

12.  The method of claim 11, further comprising:
2 receiving an aggregated bundle comprising a plurality of information
signals;
4 separating the aggregated bundle;



2 processor is operative to produce an aggregate bundl e conprising nore
fragnments of the first information signal than fragnents of the second 4
i nformat ivodoz2ymal . 11. In a wirel ess conmuni cati on, a nepaDdsSc@NIs si ng: 2
receiving a plurality of signals each having a unique carrier frequency;
denodul ati ng each of the plurality of signals into a plurality of 4

i nformati on signals; and aggregating thé plurality of information signals.
12. The met hod ehodulating kach blthdplurakitypofiinforgatibn sigaaliing aplagltyeght ed
bundl e conprising a plurality of Information sjignals; 4 separating the
aggr egafed bundl e; Woela gpas/eady havipgssunigre atiie it PR e anGf t he
plurality of infornmat.j,on sian LAt o urad ity .of nodul at ed signal s
each having a ur#fa(ﬂﬁgu tg}g?ae (?aflrtglatﬁ)élﬁr&]l&y§L8104u}%t§grﬁ5qq%1g each of the
plurality of nodul ated signals. 13. The nmethod of claim 11, wherein the
plurality of nodul ated signals are 2 transmtted according to a radio
net wor k ai f3i nt dieanethodnsficktienl 1, whéreirhtite laralityiofghedulsésdsighdls afhe

met hod of claim 11, wherein the aggregating further conprising. 2
det er ni Ai ndtanspliifed pregrding e yﬁ&r@woalﬁéﬂﬂmer@gewoaﬁl% V\Gﬂumt Q% of
i nformati on; '1%[3@&]%; and 4 scheduling the plurality of information signals
accordi ng t(ﬁgp urality of data rates. 15. The nethod of claim11l, wherein
the wireless systemis a Code Division 2 Miltiple Access (CDVA) system
16. A wirel ess communi cation ap{)arat us, conprising: 2 a nenory storage

devi ce, st ad#i ngThg methet afelaint 1bovheresr thesggaegadmgiirthartdoomprispgr at i ve
For 2 determining a plurality of data rates, one for each of the plurality of
' information signals; and
4 scheduling the plurality of information signals according to plurality of

data rates.

- 15.  The method of claim 11, wherein the wireless system is a Code Division

2 Multiple Access (CDMA) system.

16. A wireless communication apparatus, comprising:
2 - amemory storage device, storing:
a first set of computer readable instructions operative for
4 implementing a service network, wherein a plurality of
information signals are aggregated into a bundle;
6 a second set of computer readable instructions operative for
implementing a radio network;
8 a multi-link internet protocol processor operative in response to the first
set of computer readable instructions for aggregating the plurality
10 of information signals into a bundle; and
a plurality of modulating devices coupled to the multi-link internet
12 protocol processor and operative for demodulating a plurality of
signals each having a different carrier frequency to form the

14 plurality of information signals.



4 inplenmenting a service network, wherein a plurality of information
signals are aggregated into a bundle; 6 a second set of conputer readable
i nstruct ivoas2/zyes ati ve for inplenmenting a radi o network; PET/@somaonsds | i nk
i nternet protocol processor operative in response to the first set of
conput er readable instructions for aggrigating the plurality 10 of
information signals into a bundle; and plurality of nodul ating devices

coupl ed tolVhe MhktwiréleskcombruriedtionlZpratieasf clainotesshéretntheapdi@t i ve for
denodul ating a plurality of signals each having a different carrier

f requendy tn@hmrkﬂsmésm{emmlmh ahiaiyingerfacersinglatusen trangmigsion. Wo 02/ 23745
PCT/ US01/ 29155 18 17. The wirel ess communi cati on apparatus of claim 16,
wherein the radio 2 network is consistent with an air-interface single

user transngssi Qe wiSeledd\Corhdigli®sforf Rhfsaf PR PP AVRE e b M 17,
wherein the radio 2 network is consistent wth a Code Division Miltiple

Access RCDM&wark is consisteid veitls afgide Disdsion Muakipls Alcoess (CDMRM)aimi r el ess
comuni cati on appa,raieus of claim_.18, wherein the nulti- 2 link internet
prot ocol pAREEEEHFINGLe BIsEtEANSPASHiANT ecej ve an aggregat ed bundl e and
separate the bundle into constituent information signals, and 4 wherein the
plurality of nodul ating devices are operative for nodul ating the

constit uenti9i nf gheBiirdlesSt@RAtEniedtih dpRirefls faldihe18, wkereaNteatult20. The
Wi rel ess communi cation apparatus of cl'aim 19, further conprising: 2 a

t r anscelvedinkdnisireet proteenl professpeispiperative tp reteivednl aggregatddbuodle and -
operative to . transm dulated si |s..21. The w.reless comuni cation
obparat s GRAcFaRRSRe Bt FutBRidis ShempaPn SRR ve To ¢ ranan t
nodul at gd | d ' My : i i ' user
tovi co. T WERERINEHIBRIAY o mioddiihe BRTiccs ARb B R o ol Py ey
conpri si ngconstituent information signals at different carrier frequencies.

20.  The wireless communication apparatus of claim 19, further comprising:
2 a transceiver coupled to each of the plurality of modulating devices and

operative to transmit modulated signals.

21.  The wireless communication apparatus of claim 20, wherein the
2 transceiver is operative to transmit modulated signals using an air-interface

consistent with a single-user device.

22.  The wireless communication apparatus of claim 16, further comprising:
2 a modem for receiving voice communications; and

a vocoder coupled to the modem for processing voice communications.

23. A wireless communication apparatus, comprising:
2 a first modem associated with a first carrier frequency;
a second modem associated with a second carrier frequency, wherein the
4 first carrier frequency is different from the second carrier

frequency; and



2 a nodem for receiving voice comruni cations; and a vocoder coupled to the
nodem f or processing voi ce communi cations. 23. A wireless comrunication
apparat usyoonepri sing: 2 a first nodem associ ated with a PCT/E801CANFS er
frequency; a second nodem associ ated with a second carrier frequency,
wherein the 4 first carrier frequency is different fromthe second carrier
frequency; and WO 02/ 23745 PCT/ US01/ 2915 19 6 a router coupled to the
first agd second medensowpledabi the first antiedudred nicdems opesdtbve for suhglulde
first and second nodens. 24. The wi reless conmuni cation apparatus of claim
23, further conprisi stgta streamsithrpughdhafirstanshsesondmaedems. processor

coupl ed between the first nodemand the router; and 4 a second

poi nt -t o- poi nt protocol processor coupled between the second nobdem and the
router. 2594The Tojeh@irERSs E&Mﬂﬁ@ﬁid&@ﬁ&ﬁﬁi@émaﬂ 28 Ak ek fomphRIE: N  he
router is 2 operative to receive internet protocol packets, and erein
the rouRer is opdirat puintito-uheprdtecad gracessoretpled betigert the first st and 4
second nodens.

modem and the router; and
4 a second point-to-point protocol processor coupled between the second

modem and the router.

25.  The wireless communication apparatus of claim 24, wherein the router is
2 operative to receive internet protocol packets, and
wherein the router is operative to schedule data streams through the first and

4 second modems.



