WO 02/ 45311 PCT/ US01/ 43617 1 PREAMBLE GENERATION BACKGROUND 5 1. Field
The present invention relates to wireless voice and data comrunication
systens. Wwoozm4parti cul arly, the present invention rel at esP€DUSHIOMEl7 and

i nproved net hods and apparatus for generating optimzed preanbles for data
packets. 10 I1. Background The field of w reless conmunicati ons has many
applications including, e.g., cordleks telephones, paging, wreless |ocal

| oops, personal digital assistants (PDAs), Internet telephony, and
satellite comrmuni cati on sPRIEAMBLE GENERAMEONY i nportant application is
cellular tel ephone systens for nobile subscribers. (As used herein, the
term”cellular” systens enconpasses both ceI | ul ar and per sonal

comuni cati ons services (PCS) 1‘3 Rh arious over-the-air

i nterfaces have been devel oped fL\or such cel'lul ar tel ephone systens
including, e.g., frequency division nultiple access (FDWVA), tine 20

di vision nmulti I e access (TDWVW), and code division multiple access (CDVA).
I'n cofnedtionHiekkewith, various donestic and international standards have

been est abl i shgg, '%ﬁééé@ﬂt”gnv@nﬁon %Y%@erWrb?edgthtﬁc§ehMHCQia(té'VPS)
G obal System for , and Interim Standard 95 (1S-95

parti cul anommgng@t@nosyste;nae waarélgulalr@ dba presergapyenig) refa [*50008

(often 2 I Y. I
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Tel ecormlp‘remblesrfot dataspacketsdssoci ati on (TIA) and other well known
stanf@rds bodi es. ‘Cel lul ar tel ephone systens configured in accordance with
t he e of the IS-95 standard enpl oy CDVA signal processing techniques to

provide IBO hiBatkgredrd ci ent and robust cel lular tel ephone service.
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assistants (PDAs), Internet telephony, and satellite communication systems.

15 A particularly important application is cellular telephone systems for mobile

subscribers. (As used herein, the term “cellular” systems encompasses both

cellular and personal communications services (PCS) frequencies.) Various

over-the-air interfaces have been developed for such cellular telephone

systems including, e.g., frequency division multiple access (FDMA), time

20 division multiple access (TDMA), and code division multiple access (CDMA).

In connection therewith, various domestic and international standards have

been established including, e.g., Advanced Mobile Phone Service (AMPS),

Global System for Mobile (GSM), and Interim Standard 95 (IS-95). In

particular, IS-95 and its derivatives, IS-95A, I5-95B, ANSI J-STD-008 (often

25  referred to collectively herein as IS-95), and proposed high-data-rate systems

for data, etc. are promulgated by the Telecommunication Industry

Association (TIA) and other well known standards bodies.

Cellular telephone systems configured in accordance with the use of

the IS-95 standard employ CDMA signal processing techniques to provide

30  highly efficient and robust cellular telephone service. Exemplary cellular

telephone systems configured substantially in accordance with the use of the

1S-95 standard are described in U.S. Patent Nos. 5,103,459 and 4,901,307,

which are assigned to the assignee of the present invention and fully



2 incorporated herein by reference. In CDVA systens, over-the-air power
control is a vital issue. An exenplary nethod of power control in a CDVA
system i waex¢wibed in U S. Patent No. 5,056,109, which i BCEESIgi3ey to t he
assignee of the present invention and fully incorporated herein by
reference. 5 A primary benefit of using a CDVA over-the-air interface is
that conmmunications are conducted ov@r the sanme radio frequency (RF) band.
For exanple, each renote subscriber unit (e.g., a cellular tel ephone,

per sonal irndbgic!ratechbs'r@'nahy refedaice. | dptdpModmystanss, overatheedir ylawer

t el ephone d -fr.eq. t [ e e system
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rever se- | dyskeraiigrddscribed inhe.Sdimedt Ro. SMHRS o, Rﬂw&henstersstgneﬁj ’m ther |y, each
base station in ch fem nlcate emyte units by
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i ncluding, e.g., an |ncreas i n the 5 frequency. reuse | ul ar
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calls to nducted over a given anou ectrum handoff is a

robust nedigial a$smhaahél?DlAdnlam01a coanedted 40 @t ¢edhuilar tﬁieph@ne,dwésefg@ area of
two or ”Déafr' l{iﬁse?c ?Ef’i“a' tééﬁplér”t\éfég%ﬁﬁe §§{?¢éﬁ 208U M fx?ca‘té"iz\ﬁ fgd ng with

two base S I’ons’ s har I nvol Ves erm na Ing the
i nt erflacesamh¢ base fstatmn bysteamm:tttmg dedveree- hakad]gnslhow;y tHeesarhetlé?¥ ace with

a second e station, nmet hod o handof f is
escrt bedVire of SO sPetig STaRlELY AEh 15ReaREh B Ml s $RUMAROL! jnee
of the pr@ﬁﬁmummkenmthrremefum‘csyb neekpdiidied foenaird-lnk sighel enere. 25 I'n
conventi onal ce{[ M{EI % hone s stemsE |ic swtched el ephone
network (BOtR§ 2‘3!5: | R sResHE S one ﬁﬁéﬁ%?i}tl%él% BVEE the i eI ng
center (ME)speliiiifidleled ariels beheiRY ﬁlc@@éﬂl oSteab] QM irfc@Bdselinl &es ( BSCs)
over standardized El and/or T1 tel ephone lines (here| nafter referred to as

E1/ T115 | n@gqueIWereBsc:g aseHulardalephane pygageand the abilisy to candae spéy
bsyst |
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coverage area of two or more base stations that involves simultaneously
20 interfacing with two base stations. In contrast, hard handoff involves
terminating the interface with a first base station before establishing the
interface with a second base station. An exemplary method of performing
soft handoff is described in U.S. Patent No. 5,267,261, which is assigned to the
assignee of the present invention and fully incorporated herein by reference.
25 In conventional cellular telephone systems, a public switched
telephone network (PSTN) (typically a telephone company) and a mobile
switching center (MSC) communicate with one or more base station
controllers (BSCs) over standardized E1 and/or T1 telephone lines
(hereinafter referred to as E1/T1 lines). The BSCs communicate with base
30 station transceiver subsystems (BTSs) (also referred to as either base stations
or cell sites), and with each other, over a backhaul comprising E1/T1 lines.
The BTSs communicate with remote units via RF signals sent over the air.
To provide increased capacity, the International Telecommunications

Union recently requested the submission of proposed methods for providing



Union recently requested the subm ssion of proposed nethods for providing
WO 02/ 45311 PCT/ USO01/ 43617 3 high-rate data and hi gh-quality speech

servi ces Voo @r/438ir el ess conmuni cati on channels. The subm BET/WREI/4IeECTr i be
so-called "third generation,” or "3G" systems. An exenplary proposal, the
cdma2000 I TU-R Radi o Transm ssion Technol ogy (RTT) Candi date Subm ssion
(referred to herein as cdma2000), 5 was i ssued by the TIA The standard for
cdma2000 is given in draft versions of 1S-2000 and has been approved by
the TIA Hghriedaboane highraaplifgspeeshsatviegseovgrtwirplesy somyruningtiom nany
ways. Ano SOVALt aa gql\jgg, t ed~in 3rd
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cdmfafZQ‘DO mdss@eamy ﬁaﬂmr ﬁ“heataﬁldaada‘bf edmfazgmo Bngiveh tih r@H?ﬂb@Emdﬁé a hod
traffic an over t nd reverse i nks. . A met ho

f or transﬂ?ﬁﬁh@ﬁaggg‘ FE EPPHO%%PLBY%SM n%‘ima?&&? peposel 3% i s
descri bedcom dﬂbl@lwltlmsl%% s@&ﬁﬁmmbﬁ%ﬁy@%ﬂo}ﬁa EWNIA ftahddYE TSR AND
APPARATUS_ F TTI G OF DATA FOR' . TRANSM SSI ON, ' a55| ned to the
assi gnee ¥Y- W rséélé rd,ndernbpdigddin iBhcGreneraion Payine: g@legerein. 20
A si gni Ti canppdibhEnABLENDBS! IETS 2501 19636M ] 33 5188y 1985 238d, 1*5! affic
services Ts the fact that the former i|nposes stringent paxi rrum e

requi Hened?214.Typi cal |y, the overaII one-way del ay of speech trafflc frames
nust be less th I iec frames
can be permtte r%@m%\é% er Og%% gﬁ%%&tﬁé)lgépgggz}%;‘%@ﬁ%e dat a
25 communvest efcflnlesly wweiesajetaj chmaiulnyc;atnmnrsysea‘rﬁs h’ae becemedncreasingbt i ng

codi ng tech y rger del a an t hose
that can %1§n g‘r ZPV\@ISB%}S %gﬁﬁ(gfa?‘idc%@%&ée ggﬁd%érﬁtc%];’?fi d°f An
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AND APPARATUS FOR THE FORMATTING OF DATA FOR

TRANSMISSION,” assigned to the assignee of the present invention and

incorporated by reference herein.

20 A significant difference between voice traffic services and data traffic
services is the fact that the former imposes stringent maximum delay
requirements. Typically, the overall one-way delay of speech traffic frames
must be less than 100 msec. In contrast, the delay of data traffic frames can be
permitted to vary in order to optimize the efficiency of the data

25 communication system. Specifically, more efficient error correcting coding
techniques, which require significantly larger delays than those that can be
tolerated by voice traffic services, can be utilized. An exemplary efficient
coding scheme for data is disclosed in U.S. Patent Application Serial No.
08/743,688, entitled "SOFT DECISION OUTPUT DECODER FOR

30 DECODING CONVOLUTIONALLY ENCODED CODEWORDS," filed
November 6, 1996, assigned to the assignee of the present invention and
incorporated by reference herein.

Another significant difference between voice traffic and data traffic is

that voice traffic requires a fixed and common grade of service (GOS) for all



i ncorporated by reference herein. Another significant difference between
voice traffic and data traffic is that voice traffic requires a fixed and
common gveaex/ef31servi ce (GOS) for all WO 02/ 45311 PCT/ USORCHBEM7A436W users.
Typically, for digital systens providing voice traffic services, this
translates into a fixed and equal transm ssion rate for all users and a
maxi mumtol erable error rate for the éj'peech traffic franes. In contrast,

because of the %vaj | abi |i té' of retransm ssion protocols for data traffic
servi ces, UB%She allynfgedigital ctvstems MERVIAIBS YYco dmatfigerrigasbdivari ed i n

order to traRelResenthe AxEd aldd iduati @asmkidatalicr GAMMAICALHCN System
The GOS of a data traffic conmunication systemis typically defined as the
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dest i nat i BIFUSEGHESS€H R&tre EWFW&%EF@”F‘&EHFP @@ nost and destination
conput ers. Thevhians Prookol S@toPkranBhiteopadikEERbd tRIfARYvERpeEdN RFC 793
(Septenber, 1 1981), i s responsibl fqarf or. the reliable, in-order delivery of

data Y% on?‘@#éhm)cm?%&% $0t hak dptararatiomarriveseat 1hhinignderrdestizasion( UDP) i s
njgars. of TCP
a

a si npl er OpEQLER otfo%ﬁisi”_?h'éslﬁféfh?’b"iafd?oédi?’ RECY79 g%téfn%}éﬁer@?e iability

are not necessary. For voice traffic services ov
nechani smntemetgrotec! ABY) breeks sip ydssagessinto resckerss nputdsotheopadkets e

packets i 8. .nef | ve .1.9. del ' nGe., I.s .usyally
used to tﬁgﬁg%s%ﬁg%{ %(éea t{1 rgg?rﬁglﬁ%:&?’ &ql}ea fegggﬁﬁggéﬁ%g g@éﬁgafﬁt@%e%fﬂﬂa# or data
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used to tuaigsklyt ideacikes hostfargbdestitativhfdognp@rsSUMYBIREnsmission control
protocol (TCP), promulgated in RFC 793 (September, 1981), is responsible for
the reliable, in-order delivery of data from one application to another. The
User Datagram Protocol (UDP) is a simpler protocol that is useful when the
20  reliability mechanisms of TCP are not necessary. For voice traffic services
over IP, the reliability mechanisms of TCP are not necessary because
- retransmission of voice packets is ineffective due to delay constraints. Hence,
UDP is usually used to transmit voice traffic.
Due to increasing consumer demand for data traffic services on
25  wireless communication systems, there is a need to increase data traffic
capacity in wireless communication systems. One way to increase data traffic
capacity is to optimize the timing strategies used to transmit packets of data
traffic.

30 SUMMARY
Novel and improved methods and apparatus for generating easily
detectable and decodable preambles are presented. A channel, as used
herein, refers to at least a portion of the frequency bandwidth assigned to a

wireless communication service provider. In the embodiments described



Novel and inproved nmethods and apparatus for generating easily detectable
and decodabl e preanbl es are presented. A channel, as used herein, refers
to at | eawd 024330rti on of the frequency bandw dt h assi gnedP€DU&01/48617el ess
comuni cation service provider. In the enbodi nents descri bed WO 02/ 45311
PCT/ US01/ 43617 5 bel ow, the channel nmay be dedicated to both voice traffic
and data traffic or the channel may be dedi cated sol ely to data traffic.

I n one aspect a nmethod for transmtting data packets in a wireless
comuni caedlow, sie teannel may hardesiicated 4o thofle veiteneafficanst dstentreffic ohe 5

met hod COcﬁ’iBrdqﬁ{lH&m g%@%ﬂ%a? QOIQ?H%O‘P‘ﬂxl q.ﬁl into at | east one subpacket;

generating at [east oOne prea erein the at | east one preanble
payl oad cor r eslpoonie alspecttha methm:hécbr tessitipar katy packkts ineadiingesdie at

| east one reanbl e ad to fgrma Iea t one reanbl e un n anot her
aspect, mcqtb‘?go%tsferﬁqzlpnﬁ C?'}?émteﬁ %Vsei 5‘?‘? pet lsdBF%enﬁ%i'p oad on a
V\Ahl’ el &ss 1@1@’(‘[{6&1% mmr%yép@%nagﬁqgoaem@pe loatdﬁﬁltdsre% et Oﬁegﬁbpﬁﬂfaw. .
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det er ni ni g Iarearrst&@ pajiwaddo @m@aleaﬁhemeprﬁambleuengt h of the preanble
package is co ¢l al
overhead is 8@ %ﬁpéé)ﬁ%&%bd 519 %%?gﬁ%éggaﬁﬁgeﬁglt@%n@gﬁg b C?heﬁgc oosing a
new d@anrayloadscumWa@\kleels% anmmﬁntdaelow apsteonad pwemﬁeddthes nhetdod han or

equal to ede hr unt ner the preanbl e
pgckage %Bﬁ PHQ{ gge ]%' nzﬁﬁgtr%rag?{)ro%ﬁ’tlp & tVY ﬂi‘ of a
data paydubghckst pméb eatrgzda sdt&;tmmdnldxyl smﬂhzrrl sopg ofdm@HMmlml&dﬁt arate
for the epiransmssm of the data@? and ok- uptableto

det ermin e&er%ppgsap At TRje sarEeko ifooﬂ“etﬂe i g}?&ffl ob S4PRASKSSpr eanbl e
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greater than a predetermined threshold amount, then choosing a new number
of subpackets; and if the fractional overhead is less than or equal to the
predetermined threshold amount, then generating the preamble package.

20 In another aspect, a method for optimizing transmission of a data
payload is presented, the method comprising: determining a data rate for the
transmission of the data payload; and using a look-up table to determine a
corresponding packet size for the data payload and a preamble length,
wherein the packet includes at least one subpacket and a preamble is attached

25  to each of the at least one subpacket.

BRIEF DESCRIPTION OF THE DRAWINGS

The features, objects, and advantages of the present invention will
become more apparent from the detailed description set forth below when
30 taken in conjunction with the drawings in which like reference characters
identify correspondingly throughout and wherein:
FIG. 1is a diagram of an exemplary data communication system;
FIG. 2 is a graph illustrating periodic transmissions of data traffic

packets;



30 taken in conjunction with the drawings in which Iike reference
characters identify correspondingly throughout and wherein: FIG1l is a

di agram o¥oarnd4sxenpl ary data communi cation system FIG 2PCHUSOIgH36ah
illustrating periodic transm ssions of data traffic packets; W 02/45311
PCT/ US01/ 43617 6 FIG 3 is a graph illustrating transm ssion of data
traffic packets during optimal transhission conditions; FIG 4 is a block

di agram of an a(gpar atus for generating a preanble wunit and a_preanble
package; 5 FI EBlG53 jssa graphidlusgratigsdransmissonmbsleda teffiopacketredutingg a

pr eanbl eogﬂ?}é&lgaﬁggﬁ%ﬁ‘@n%ﬁﬁ%' station identifier is encoded separately;

and FI G wchart | tating the determ nation of subpacket

preanbl e | engfls. 4 19 aBE0Lk IE-EZPAESCRIARTA NI USTHE FRIEEERRED pienBbe VENTS  As

illustra A .ess conmuni cati on network 10 generally

i ncl udeshgﬂpeﬂn@r%)%aﬁ%%%r%%%&é stations or renote subscriber units

12a-12d, a pl BI@I btiy adsloblashagiaat iobas dgisardtics for gareatihgta preandier ol | er
(BSC) or ]fg acket controgﬁfun@i A 16, a%i)sl e s}%tj on, control |l er (MSC)
or swit cHBWIETHE ALEMQfE SIAton, eﬁﬁ IHo§&Ene eprafelydibt wor ki ng f uncti on
(1VWF) 20, a pudl ieCisswi fletrHatelilepdeqend ahvuod ket MIAMIoR 20 El{t@bé‘@delty a

t el ephone co %ny) and an Internet Protocol (IP) network (typically
the | ntefi’ﬁ%%f)’l.le ?%théurposes of sinplicity, four renote stations 12a-12d,
three base stations 20 14a-14c, one BSC 16, one MsSC 18, and one PDSN 20 are
shown. It would be wunderstood by those skilled in the art that there could
be ah¢ nunber ADETARMEDIDESCRIPTIODEY ItHE BREEERRIIDs 16, MSCs 18,
and PDSNs 20. In one enbodi nent, the wreless comunication network 10 is a
packet data services networKk. EMBOLBVENT® i ons 12a- 12d may be cel |l ul ar

R R R e
free car genémllydincRidhs a phniatigy loP-rhalsibel statiemsoromseoteanbiscribéd anits The
remte shal98% Hhidality of BYs SHACRSIBLYE. % ke SO PSR (BEE 3F ™ One O
15  packet control function 16, a mobile station controller (MSC) or switch 18, a
packet data serving node (PDSN) or internetworking function (IWF) 20, a
public switched telephone network (PSTN) 22 (typically a telephone
company), and an Internet Protocol (IP) network 18 (typically the Internet).
For purposes of simplicity, four remote stations 12a-12d, three base stations
20 14a-14c, one BSC 16, one MSC 18, and one PDSN 20 are shown. It would be
understood by those skilled in the art that there could be any number of
remote stations 12, base stations 14, BSCs 16, MSCs 18, and PDSNs 20.
In one embodiment, the wireless communication network 10 is a
packet data services network. The remote stations 12a-12d may be cellular
25  telephones, cellular telephones connected to laptop computers running IP-
based, Web-browser applications, cellular telephones with associated hands-
free car kits, or PDAs running IP-based, Web-browser applications. The
remote stations 12a-12d may advantageously be configured to perform one or
more wireless packet data protocols such as described in, e.g., the
30 EIA/TIA/IS-707 standard. In a particular embodiment, the remote stations
12a-12d generate IP packets destined for the IP network 24 and encapsulate
the IP packets into frames using a point-to-point protocol (PPP).



nore wirel ess packet data protocols such as described in, e.g., the 30
EIATIA IS 707 standard. In a particular enbodi nent, the renote stations
12a- 12d geoer/aisel | P packets destined for the | P network 2BCHOS0I3IGEPSUl at e
the I P packets into franmes using a point-to-point protocol (PPP). WO

02/ 45311 PCT/ US01/ 43617 7 In one enbodiment, the IP network 24 is coupled
to the PDSN 20, the PDSN 20 is coupléd to the MSC 18, the MSC i s coupl ed
to the BSC 16 and the PSTN 22, and the BSC 16 is coupled to the base
stations l4a- inong embpdisneniethe Bdnetworkedt fsorouplad saitbe PEISNL0vdiecce and/ or
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1999), which is ful I ncor por at'ed herei I¥ referencé. During typical
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12a-12d lBNmﬁéleaibegnuﬂuiﬂhedms'ﬂiAXEhﬁg/Isezmer—Af c(Dmaftdemtnsbersnogln%O)s to the
renbte statio d., Fo | e, bas on 14a conmuni cates
with fi rs(&toé’nzasjﬁgka\’?l?l%éﬂg’ rrg a%fgli" epﬁﬁeousl y, and the
base station Jﬂﬁnﬁgrtﬁitapapeﬁatm bf thd wirea@sé écﬁﬁfxtdmém feBl@ild oms 12c,
12d si rruli}aneous e resulting packets are forwaf,rded to. the BSC 16, 25
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Each base station 14a-14c may communicate with a plurality of remote

20  stations 12a-12d by modulating and transmitting sets of forward-link signals

to the remote stations 12a-12d. For example, the base station 14a

communicates with first and second remote stations 12a, 12b simultaneously,

and the base station 14c communicates with third and fourth remote stations

12¢, 12d simultaneously. The resulting packets are forwarded to the BSC 16,

25 which provides call resource allocation and mobility management

functionality including the orchestration of soft handoffs of a call for a

particular remote station 12a-12d from one base station 14a-14c to another

base station 14a-14c. For example, a remote station 12c is communicating

with two base stations 14b, 14c simultaneously. Eventually, when the remote

30  station 12c moves far enough away from one of the base stations 14c, the call-
will be handed off to the other base station 14b.

If the transmission is a conventional telephone call, the BSC 16 will

route the received data to the MSC 18, which provides additional routing

services for interface with the PSTN 22. If the transmission is a packet-based
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power
transmitted by a given remote station are mutually orthogonal by the use of
orthogonal Walsh Codes. Each channel is first spread using a Walsh code,
20 which provides for channelization and for resistance to phase errors in the
receiver.
As mentioned previously, power control is a vital issue in CDMA
systems. In a typical CDMA system, a base station punctures power control
bits into transmissions transmitted to each remote station within the range of
25 the base station. Using the power control bits, a remote station can
advantageously adjust the signal strength of its transmissions so that power
consumption and interference with other remote stations may be reduced. In
this manner, the power of each individual remote station in the range of a
base station is approximately the same, which allows for maximum system
30  capacity. The remote stations are provided with at least two means for output
power adjustment. One is an open loop power control process performed by
the remote station and another is a closed loop correction process involving
both the remote station and the base station.
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POWEr.  interference to other remote stations may be reduced because the process of
soft combining at the receiver allows the recovery of corrupted bits. The use
20 of variable rate encoding and decoding is described in detail in U.S. Patent
No. 5,414,796, entitled “VARIABLE RATE VOCODER,” assigned to the
assignee of the present invention and incorporated by reference herein. Since
the transmission of voice traffic frames does not necessarily utilize the
maximum power levels at which the base station may transmit, packetized
25  data traffic can be transmitted using the residual power.

Hence, if a voice frame is transmitted at a given instant x(t) at X dB but
the base station has a maximum transmission capacity of Y dB, then there is

(Y — X) dB residual power that can be used to transmit data traffic.
The process of transmitting data traffic with voice traffic can be
30 problematic. Since the voice traffic frames are transmitted at different
transmission power levels, the quantity (Y- X) db is unpredictable. One
method for dealing with this uncertainty is to repackage data traffic payloads
into repetitious and redundant subpackets. Through the process of soft

combining, wherein one corrupted subpacket is combined with another
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retransm ssions at periodic intervals. In this

subpackets to receive the data payload within an acceptable FER.

In this method, the remote stations must be able to detect and decode
the additional subpackets. Since the additional subpackets carry redundant

20 data payload bits, the transmission of these additional subpackets will be
referred to alternatively as “retransmissions.”

One method that will allow a remote station to detect the
retransmissions is to send such retransmissions at periodic intervals. In this
method, a preamble is attached to the first transmitted subpacket, wherein the

25 preamble carries information identifying which remote station is the target
destination of the data payload, the transmission rate of the subpacket, and
the number of subpackets used to carry the full amount of data payload. The
timing of the arrival of subpackets, i.e., the periodic intervals at which

. retransmissions are scheduled to arrive, is usually a predefined system

30 parameter, but if a system does not have such a system parameter, timing
information may also be included in the preamble. Other information, such
as the RLP sequence numbers of the data packet, can also be included. Since
the remote station is on notice that future transmissions will arrive at specific

times, such future transmissions need not include preamble bits.
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transm t iRdedMirdd' @hidtigh ®hannel state information carried by data request

messages (DRC) or by power strength measurement messages (PSMM) that

20 are transmitted by a remote station to the base station during the course of

operations. Channel state information can be transmitted by a variety of

ways, which are not the subject of the present application. Such methods are

described in U.S. Patent Application No. 08/931,535, filed on September 16,

1997, entitled, “CHANNEL STRUCTURE FOR COMMUNICATION

25 SYSTEMS,” assigned to the assignee of the present invention and

incorporated by reference herein. One measure of an optimal channel
condition is the Rayleigh fading condition.

The method of transmitting only during favorable channel conditions

is ideal for channels that do not have predefined timing periods for

30  transmissions. In the exemplary embodiment, a base station only transmits at

the peaks of a Rayleigh fading envelope, wherein signal strength is plotted

against time and the signal strength peaks are identified by a predetermined

threshold value. If such a method is implemented, then an easily detectable

and decodable preamble is vital for retransmissions. However, attaching
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However, fodsg (&PEyNQdi ¢ transmissions that require a preanble for each
subpacket, t%e overhead is MK/ N and the anmount of energy to transmt this
overhdad is Htodotusralps a1plat) o signal plgengiy wersatspiise. off deghrge strength
versus tidig. - b il ] ' rength to a
N R e B e S SR
because tids,ginghtal Dt netnajt times trand hilweausea thegigodlostsengtihénnotrabdyese
station w r ' | .1t > hj nbodi nent, the
decodin gv%*ésrh g? drl g’n%l%ﬁg E%n %éa%tg &é{é{%@}% (Péirll}’ %%Ilgﬁﬁu%%ﬁl&?‘ﬁge I£11d{é’t éeI(%:c% ig'o n and

decodi ng of tHa thiezmbedina¢ritachedlechdireg of rErensmedshas i dependenta | ow FER

on t recei ved preanbles i,s,to0 ,boos he transm SSi,0 ower | evel of the
or cant) o irq todEfeion 3nd SlPRdns SF the Bregmblatiaiied Bteiges OFF a
separ at e mbgivtko fargoré helswt FERSHMh $hk Geseivedr preablek gs tionbSeytetha r el ess

communi cati on systens, renpte stations_in th .
fransmisgion power level of the pream%le Bits. Another method is to transmit

preamble messages on a separate channel from the retransmissions. For

example, in some wireless communication systems, remote stations in the
20 range of a base station are programmed to constantly scan an assigned
channel for preamble messages. The remote stations are not programmed to
periodically scan the data channels. If a preamble message targeted for a
specific remote station arrives, the remote station is then aware that a data
retransmission will be arriving at a specified time on a separate data channel,
25  and will detect it accordingly. However, this method is still problematic in
that if a preamble message is lost, then the data transmissions corresponding
to the preamble message are also lost.
The exemplary embodiments described herein provide techniques for
generating resilient preambles that still minimize the fractional overhead of
30  the preamble bits in relation to the data payload.
In the exemplary embodiment, a method and apparatus for generating
preamble subpackets is presented. In order to improve the resiliency and
detectability of preamble information, the preamble information bits are

1

spread to form a basic unit, whose elements are termed “chips.” The term
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unit is repeated for a predetermned duration, and each repetition of the
preamble unit is multiplied by either "-1' or '+1.' These 5 operations

upon t he[ PrEaiiitE ORI O T e[ Rmid P ' o » easily
det ect abl e h' sli'gé EE Table 1 sEo ﬁ‘l?ﬁ)‘?ﬁﬁﬁ qfa petition and
per mut at| 3?: terIge nacconpli shes this*purpose. Preanble 192-Chip
192-Chip e | € g&npce Repetition Length Preanble Miltiplicatifon
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768 4 +1,+1,-1,-1

1,536 8 +1,+1,+1,+1,-1,-1,-1,-1

3,072 16 +1,+1,+1,+1,+1,+1,+1,+1,-1,-1,-1,-1,-1,-1,-1,-1

10 TABLE 1

In this specific example, the original preamble information is spread
into a basic unit comprising 192 chips. Depending upon the transmission rate
of the data subpackets, in which the accompanying data payload is packed,

15 this basic 192-chip preamble unit is repeated according to the
permutation /repetition pattern displayed in Table 1.

Henceforth, the total bits produced by any given
repetition/combination of 192-chip preamble units will be referred to as a
preamble package. Hence, every data subpacket that is transmitted in a

20  channel sensitive manner, i.e., aperiodically, will have an attached preamble
package.

Table 2 illustrates transmission of repeated preamble units with data
subpackets. Each “D” indicates a subpacket carrying data payload and each
“P” indicates a preamble unit of 192 chips. As shown, a pattern of an equal

25 number of positive “P” and negative “P” together is easily detectable.
Alternative permutation patterns are possible and fall within the scope of this

embodiment.



In this specific exanple, the original preanble information is spread into
a basic unit conprising 192 chi ps. Depending upon the transm ssion rate of
t he dat awabpsskets, in which the acconpanyi ng data payl ordriusopgacked, 15
this basic 192-chip preanble unit is repeated according to the
pernutation/repetition pattern displayed in Table 1. Henceforth, the total
bits produced by any given repetitidd/ conbination of 192-chip preanble

units will be referred to as a preanbl e package. Hence, every data
subpacket that is transmitted in a 20 channel sensitive manner, i.e.,
aperiodically, will have an attached preanble package. Table 2 illustrates

transm ssion of repeated preanble units with data subpackets. Each "D

i ndi cates a subpacket carrying data payl oad and each "P" indicates a
preanbl e unit of 192 chips. As shown, a pattern of an equal 25 nunber of
positive "P" and negative "P" together is easily detectable. Alternative
per mut atifpNTABT T §H NS B |ELPASH DI ang | ahl | W (D) [T [SPOPpeEDO] DN
enbodi nent. | WO D2/ 45311 PCIT/ US01/48617] 14 DDDDDDDDDDDDDIDDD
-PDDDB PD py plb DD |DPD|B° PP O PO PDB DB DB pH PPR P -P

-PDD[}?—I BB R HPRP=P =P D PP P P
PPP-P -P}-:E Igy PD-JFU% P SDTAéP_E pFI E 4?5?(@@5% 31[‘-DanDi

appar at yspPf orPgenreratP gt HeDbasDc | @peardl e D unit |abd |t Be | rPpedDd ed Dprleanbl e
pattern_ Preanble infor tilon—lincludihg 1t 10 poti-mfted tgo inforimati on
such as |t Re|rBnpte stPati'rﬁ’n i dentiti e'P, &b RkepinQe),Danajsﬂ%acPét
transm §sp0 arep | P aNeogeP 4t pencpd| np eleneng (4% | pn¢aged pnf op nat i on
is input_inio alspreadilng deneriaton 42[that prlodudes tlhe idesired N chip
preanBl e unit. The N-chip preanble unit is then input into a mapping

el ement 44 wherein the N-chip preapRlggpyit is repeated and 15 nultiplied
by +1 or -1 in accordance with a predeterm ned pernutation

FIG. 4 is a diagram of an apparatus for generating the basic preamble

unit and the repeated preamble pattern. Preamble information, including but

10 not limited to information such as the remote station identifier, subpacket
index, and subpacket transmission rate, is encoded at encoding element 40.
Encoded information is input into a spreading generator 42 that produces the
desired N-chip preamble unit. The N-chip preamble unit is then input into a
mapping element 44 wherein the N-chip preamble unit is repeated and

15 multiplied by +1 or ~1 in accordance with a predetermined permutation
pattern to produce a preamble packet.

Encoding element 40 can be a convolutional encoder with a constraint
length K that produces N output bits for every M input bits, which produces
an encoding rate of M/N. Alternatively, encoding element 40 can be a block

20  coder or a Reed-Solomon encoder. Spreading element 42 can be any element
configured to generate Y orthogonal output bits from X input bits.

FIG. 5 is an apparatus for a more specific embodiment, wherein the
remote station identifier is encoded separately from the rest of the preamble
information.

25 Remote station identification bits, comprising 6 bits, are input into
encoder 50 at rate 6/12. Other preamble information, comprising 4 bits, are
input into encoder 51 at rate 4/12. 12-bit output of encoder 50 and 12-bit

output of encoder 51 are input into a modulation element 52 to form in-phase



pattern to produce a preanbl e packet. Encoding el enent 40 can be a

convol utional encoder with a constraint |ength K that produces N output
bits for ve@oe2ys3M i nput bits, which produces an encodi ng PET/@ES@F43b47N.

Al ternatively, encoding elenent 40 can be a block 20 coder or a

Reed- Sol onon encoder. Spreadi ng el enent 42 can be any el enent configured
to generate Y orthogonal output bits 1 om X I nput bits. FIG 5 is an
apparatus for a nore specific enbodinent, wherein the renote station

i dentifi eﬂg ipdegieasralines(Sd) erreppnersmvhrseinegachybitifiempereadsr S0 and

i nformat i gxch Bid (FRARNE0GE2ST ARt HABEY td LAl PP vRIeS ihsl fiafhthl ts, are
input into encoder 50 at rate %/ 12. O her prganbl ge?g)gglnat%lﬁgﬁ, Hg(liz)rrpri si ng
4 bits, abdormagan. i hepdeQcertaposentst areaspereadinsing2shsirt léuckpipt Wiflstencoder

50 and 12¢hj 1. . ree. | (. Jl ation elhement 52
Co form | fhstiord 4naPheflng HAREh: BasTiGubTRe vilh o TRUNA pBfyfe (G
conportent ;yfomhetienn HaeA9Didhips are émpwidarioS0 neapbingadbmient S4ravd escoder 51
are paired to gl ate 12 .val ues per ordi i nal re%nble i.nformation. | and Q
conponent BeURRte L aerofdriicy BAHT 7 prsdEirRngs A F St AS At PEBFERi ng

el ement 5&hdwnfwmTablk9?2 val ues per original preanble 5 information. The 192
chips are input, i ment 54 and are  pernuted in accordance

' .
with a predet e&]ﬁé %E%a%ﬁ}?gglrﬁg%?cﬁa%l@t%ﬁié’aﬁﬁgee%rhth@%ﬁﬁempt%ﬁ?@q. The
appar at usidentifleEbif %%ﬁﬂd@&‘é@ﬁ}h@&@lﬂ frohlfle biifer5RED16 Lok RRAtiohdent i fi er

bits are encoded separately fromthe other Preanbl e Information. 10 Since
t he rkhot 8ingedhpgrmaie stationidentifen i separgtedy cogeded aa remstte séatien on need

not decodﬁewﬁo{e&ééo&% tpﬁgea{efgg gréﬁnefé%rorfd%r ?&H@E&hﬁﬁe Eﬂ@fd&%kggﬁf the

intended recipient o smssion. I'n another exenplary ment, a
met hod anint recipgeniioof the lireosinnigsiohe | engt h of the preanbl e package is

o gsent¢0. A PLOSRATRE Lienho WS S SRS ORI, B
subpacket ehausing tiee lerggthnofsitieopreaatitde dackhpe is phpsaaked s, A proeesoblie package
o e S S L SRS S e el A 50 O
det er m negaylbhd! Baséd apbhahanuemeeneReibpacke® and the transmission rate of

the subpackets, a preamble package size is chosen. Once the preamble

package size is chosen, a fractional overhead of all preamble packages

compared to the total bits is determined. If the fractional overhead is too

20 large, then the processor repeats this analysis for a different number of

subpackets.

FIG. 6 is a flowchart illustrating the determination of subpacket
preamble lengths by a processing element. At step 61, an initial value is
chosen for the number of subpackets. The initial value can be set by channel

25 conditions. For example, if the channel conditions are favorable, a high rate
packet would probably be transmitted. For a high rate packet, a single
subpacket carrying a large number of bits is used. Hence, the initial value
would be 1. However, if the channel conditions are unfavorable, a low rate
packet will probably to transmitted. For a low rate packet, multiple

30 subpackets, each carrying a smaller number of bits, will be used. Hence, the
initial value would be 4.

At step 62, a determination of the data transmission rate is made. At
step 63, an estimate for the preamble package size is made. At step 64, the

fractional overhead P/(N + P) is determined, wherein P is the size of all



20 large, then the processor repeats this analysis for a different nunber
of subpackets. FIG 6 is a flowhart illustrating the determ nation of
subpacketwopr/esmbl e | engths by a processing el enent. At sP€puUSdy43ary i nitial
value is chosen for the nunmber of subpackets. The initial value can be set
by channel 25 conditions. For exanple, if the channel conditions are
favorable, a high rate packet would Ztﬁrobably be transmtted. For a high
rate packet, a single subpacket carrying a | arge nunber of bits is used.
Hence, therelamtbleapacxkagae attewbled e each Hiate verbpacket, nd Mdninethectartdl t i ons

are unfa Wi ransmtte For a |l ow
rate packe lEI%BLEIe?{ &t% 8%%‘1%%513@%&(% ff (t,lﬁé)%ar ré) aghé)kfgrﬁer??l]g ?rgﬁfj

bits, wld tllneshksleldamblanl:etheh henewnmﬂlmbbr vikubpaekdtslidehabenAlt s3¢ |6562 a
determn ion of t data tra ngsski e is made. At ste 3{ an
estimate }Eﬁ PEREESHr CE e Pspz &1 h?aﬂﬁoceﬁf 1%11'%@3%53‘1 il the act i onal
over hgad fPhéfibmalP) ové&ritaiderigi ﬂ@f’chlﬁ\'hﬁr Qlddi e!d%dt h@l&iagRe0f aHro }92/ 45311
PCT/ US01/ 43617 16 preanbl e packages attached to each data subpac and N

i s the toPderimpgptencm oplimapraghenal svgrheashisdessttban PL250B & ¢ actl onal
overhead is | t h
" I A0Eh diRdRatie &ﬁséa%ﬁn@r?(ﬁ%ggaf%%ﬁﬁurns to ste& 62 and

subpackets is chosen at ste
the proc ep,@dﬁbernepédt}trdambﬂet lengths3s Tpfaﬁﬂn’t@ﬂlalA @rec¢ssat o1 schiechilinga

over hoad TR ERgtRngers iRt AR RIS, BhhaPies MR Bl FRE AE AT 0 0 ana

apparldt ussubpacksis sgorer mdmﬂmkmpeﬂbm Faatthembey gldmsents PudsedekkupA

processor r_ schedul |n rea e.le ths

t r ansni sstl'agﬁa YV&E (ismﬁﬁﬁ’ 8’(11%%??1525%1% g‘t“t? h éesls R0 table
in a rrentfwctﬁjraMBﬂérheSdczhn@uﬁmﬂ%pamﬁd @dtagratuindl packee siiebl MabldgB ganbl e

| engt hs t hat ar&@é}gogn 1t(o be less than a fractional overhead anpbunt at
speci fi c YaPER AAkpciebte-si zes. Table 3 is an exanple of a | ook-up
table. WO 02/45311 PCT/ US01/ 43617 17 Rate # of # of # of Slots Data # of #
of Preanble |Index Bits Subpackets per Rate Subpacket Subpacket Overhead



per
per

per

Packet Subpacket (kpbs) Preanbl e Preanbl es Fraction

Packet 0 192 1 8 9.6 6144

1

0. 2500

Packet

b 384 2 4 19.2 3072 2 0. 2500

Chi ps
| a

384 1 4 3B042/8072 1 0.2500 2b 768 2 4 38.4 1536 2 0. 1250PCPRESVG8617 4 76. 8
1536 1 0.1250 3d 1536 4 2 76.8 768 4 0.1250 3c 1536 3 2 102.4 768 3
0.1250 3b 1536 2 2 153.6 768 2 0.1250 3a 1536 1 2 307.2 768 1 0.1250 4d
1536 4 1 153.6 384 4 0.1250 4c 1536 B 1 204.8 384 3 0.1250 4b 1536 2 1
307.2 384 2 0.1250 4a 1536 1 1 614.4 384 1 0.1250 5d 3072 4 1 307.2 192 4
0.0625 5c 3072 3 1 409.6 192 3 0.0625 5b 3072 2 1 614.4 192 2 0.0625 5a
3072 1 1 1228 8 192 1 0.0625 6b 3072 2 1 614.4 192 2 0.0625 6a 3072 11

1228.8 18 06264608 0216192200625 Fa—4608-1 3.2 192
1 0. 0625 E@"%c 74 1o1205 8 13?"31“6 D6R5: 9 ,}%%i 2 §§, 5 0625
10 6144 11245 b R et Tab] ooy (Shbibou] Bacts| bt on
Channel s TqlHaexeB| i | | ustrates an exanpl el of CRpssi bpe Pasiepacket si zes,
data rat es,o gndopr eanblle packag®e sigze9.avhen pour t een 1b- chl p0REOEH
Channel s[ aj |agsLl abl €2to t|he base ptajpon. Bpyxshoul d He npt gdspial at any
poi nt of| tige,| agabase gtatijon aply hagg.g ¢ergggn nunber of V@Qg@omannel S
avai | abl e QT [1Gg8 T ANSTTHSST ONS. gie NUBHET |Of 1§%y Sh| Chiagimet 5 ghbsgvary, and
hence, they, | 768 1 4 768 | 1536 1 0.1250
3d | 1536 4 2 76.8 768 4 0.1250
3c | 1536 3 2 102.4 768 3 0.1250
3b | 1536 2 2 153.6 768 2 0.1250
3a | 1536 1 2 307.2 768 1 0.1250
4d | 1536 4 1 153.6 384 4 0.1250
4c | 1536 3 1 204.8 384 3 0.1250
4b | 1536 2 1 307.2 384 2 0.1250
4a | 1536 1 1 614.4 384 1 0.1250
5d | 3072 4 1 307.2 192 4 0.0625
5¢ | 3072 3 1 409.6 192 3 0.0625
5b | 3072 2 1 614.4 192 2 0.0625
5a | 3072 1 1 1228.8 192 1 0.0625
6b | 3072 2 1 614.4 192 2 0.0625
6a | 3072 1 1 1228.8 192 1 0.0625
7b | 4608 2 1 921.6 192 2 0.0625
7a | 4608 1 1 1843.2 192 1 0.0625
8 3072 1 1 1228.8 192 1 0.0625
9 4608 1 1 1843.2 192 1 0.0625
10 | 6144 1 1 2457.6 192 1 0.0625
Table 3 (Using fourteen 16-chip Walsh Channels)
5
Table 3 illustrates an example of possible subpacket sizes, data rates,
and preamble package sizes when fourteen 16-chip Walsh Channels are
available to the base station. It should be noted that at any point of time, a
base station only has a certain number of Walsh channels available for
10  transmissions. The number of Walsh Channels will vary, and hence, the

15

values for the parameters above in Table 3 will also vary.

Thus, a novel and improved method and apparatus for transmitting
data traffic using optimized preamble structures have been described. Those
of skill in the art would understand that the various illustrative logical blocks,
modules, circuits, and algorithm steps described in connection with the

‘embodiments disclosed herein may be implemented as electronic hardware,



val ues for the paraneters above in Table 3 will also vary. Thus, a novel
and i nproved nethod and apparatus for transmtting data traffic using
optim zedw@omasinl e structures have been descri bed. Those POT/USKi/43b17 n t he
art woul d understand that the various illustrative |ogical blocks, 15

nodul es, circuits, and algorithm steps described in connection with the
enbodi nents di scl osed herein may be i1r$pl enented as el ectronic hardware, WO
02/ 45311 PCT/ USO01/ 43617 18 conputer softvvare or combi natlons of both. The
various i9OPURY At $QEEWaEY nOb rominagionske! hethul dbe ¥areustdlusiisdiver eps have

been desg, @nexa@n%ﬂ@dusy dehFésrmaPéulweéﬂd féi!g;f% iRRAl bbyn ety the

functi onal it lemented as hardware or software depends upon the
parti cul ger@r@léjmmcmrmsn Oértbeﬂeélilmﬂ(mﬂiﬁyr aMﬂhg‘theﬁpﬁ@eﬂlmﬂQnﬁl’fmJ@r al |
system t z I f war e and
o tuar e Tdenten Bl 4F MR EERTN? Coliarkr LEPERAT BN Ulel kol

descr bbeapplivationreaid dymghmomtmmqsampasedamn dpp bvertli svylsteﬂs Skidledl es, the

various ill.ustrative.l ogi cal d Ies circu anda |thm
steps dedtrbaetitrentii Bl P e TR st e SRt dutisr oi n may
be i npl erthsicdraimprntes, abd howibeat téligiplehest ﬂt@adesah@@aﬁgenémfey, an
application specific |nt68]frlated circuit (AS O, afi pr.og rammlble gate

array (FPEAFAch PatiRianapRlcAieth| A5 exgrplegdhe variogsd péﬁréﬂg%d

transi st ¢floél@Ynfodlies, Cﬁﬁ!lﬁtshaﬁé%gérlﬁﬁﬂpﬁ@ﬁ%‘aéséﬂféﬂl irfSonifeclion WRE Sters
and FI FO _a processor executl ng a set of romware 15 instructions, any

convéft i dhmenﬁmbnmﬁsﬁ selogedt hﬁml@ rﬁ@ﬂbleerrm%mntq@} ocperormed wighg
conbi natigp; Ft‘%i tll}\alrm@ Eﬁgcéssor%#gg Mnﬁ%ra?ed“c& QRrocessor,

but in the ter ro conventional processor,

cont rol | dASIG), @rfmidrptrﬂgitdma t&g@eanﬂea}m@mmmr dﬂher psegranamebleddgice coul d

d EPROM EPROM
remory,  Syrey S gate 3F HATRIRLY LogiCRois el HRtdrare S CRPRERS it ner
form of sispreage megikters Iand\/\ﬁIF@ | I]HoaessorTébcamtnfg skbet ofofitwhwaret her

appreci at.e that. the data, instructions [of0) nd i nfor si gnal s,
by {5 5oy riBsiactiahy Ry pEoRYEIIGAY BEoSiAREREE S G HORELS RERBove
descri pt ipyacesser, M \eaftcaadntstiyn Hegees ETheprotesdty Moy hadgfstageolidl9bes,

el ectromagneti ¢ waves, gnetic fields or particles, opti cal fields or

particl e TBICTER{OGESHHN nBEt R g ralgrnative, the procéssor may be any

conventional processor, controller, microcontroller, or state machine. The
software module could reside in RAM memory, flash memory, ROM

20 memory, EPROM memory, EEPROM memory, registers, hard disk, a
removable disk, a CD-ROM, or any other form of storage medium known in
the art. Those of skill would further appreciate that the data, instructions,
commands, information, signals, bits, symbols, and chips that may be
referenced throughout the above description are advantageously represented

25 by voltages, currents, electromagnetic waves, magnetic fields or particles,
optical fields or particles, or any combination thereof.

Preferred embodiments of the present invention have thus been shown
and described. It would be apparent to one of ordinary skill in the art,
however, that numerous alterations may be made to the embodiments herein

30  disclosed without departing from the spirit or scope of the invention.
Therefore, the present invention is not to be limited except in accordance with

the following claims.

WHAT IS CLAIMED IS:



Preferred enbodi nents of the present invention have thus been showmn and
described. It would be apparent to one of ordinary skill in the art,
however, whar/4ssutrer ous alterations may be nade to the enbpdi/wsessetver ei n 30
di scl osed wi thout departing fromthe spirit or scope of the invention.
Therefore, the present invention is not to be Iimted except in accordance
with the following clains. WHAT | S A MED 1'S: WD 02/ 45311 PCT/ US01/ 43617
19 CLAIM5 1. A nethod for transmitting data packets in a wreless

communi cation 2 systemin a channel sensitive manner, conprising:

repackagi ng a data payload into at | east one subpacket; 4 generating at

| east one preanbl e payl oad, whereiGLABVES | east one preanble payl oad
corresponds to,the_.at. | egst one .subpacket: and 6 spreading the at |east one
o eanbl o oyl oAFIERtD g G TBRURE G Hackaine: HAHlesso MG RY  of

G ai ml, dystdrien aGhaRheISenditveensiid, edmpegaci ng the 2 at |east one
preanble unit. 3. The nethod of C.aim 2, wherein the step of sequencing the

at |east one EPafkagipga dam payleagdnivtleastionesubondsaice with a pernutation
tt 4. T f i i i
pat t eyn - E%er{&’éﬁﬂg i legta(?r‘[@ re%ﬁ[@?ﬁg nbﬁ' Wﬂé?é{r?tthé’ At H@ésgg rg;:r i ned

conpri se: eati ng°the at [east one pfe & unit Tor a pre
repetiti arreamitiel payleaticoplegporgdatpdvetdtdensdbne kebpackegastd one preanbl e unit

Che af Teast Fibnaing i af (ki ol FroGRLFE R & difud SE R RS e

| east oneprepréderthé. payl oad is perforned upon an encoded preanbl e payl oad.
6. The nethod of Caimb5, wherein a renote station identifier of the at 2
| east one preanbl e payload is encoded separately froma remaining portion

of the . | edBlie alethed eaCMien PaAfrelaek compribigbkkesh of s&uataiLite
convol,uti gnal  encodi nrgE s ysed in the step of 2 encoding the at |east one

preanfl e 3454 Q0E PgBbleAtEk1 PCT/ USO1/ 43617

3. The method of Claim 2, wherein the step of sequencing the at least one

2 preamble unit is performed in accordance with a permutation pattern.

4. The method of Claim 2, wherein the permutation pattern comprise:
2 repeating the at least one preamble unit for a predetermined
repetitions; and

4 multiplying a portion of the at least one preamble unit by — 1.

5. The method of Claim 1, further comprising the step of encoding the at least
2  one preamble payload, wherein the step of spreading the at least one

preamble payload is performed upon an encoded preamble payload.

6. The method of Claim 5, wherein a remote station identifier of the at
2 least one preamble payload is encoded separately from a remaining portion of

the at least one preamble payload.

7. The method of 5, wherein convolutional encoding is used in the step of

2 encoding the at least one preamble payload.



20 8. The nmethod of 5, wherein block coding is used in the step of encoding
2 the at | east one preanble payload. 9. The nethod of 1, wherein the step
of spreadv@@2/433el at | east one 2 preanbl e payl oad uses a pPCTUadI/43¢170f

ort hogonal codes. 10. The nethod of 9, wherein the plurality of orthogonal
codes are Walsh 2 codes. 11. A nethod for optim zing the transm ssion of a
data payload on a 2 wreless comuni ¢4t i on system conprising: choosing an
initial nunmber of subpackets, wherein each subpacket will 4 carry a

substantigl |y ﬁ@yhe%ﬁo&m, ckdlf ggaggc&%w 3@%3@%%@%@@% éhciald rate

corresponding to the tnitral nu ckets; erm ning | engt h
for aZ2pr chetstéegshohapeeamblagayleighce with the 8 data rate; determining a
fracti onal overhead, wherein the length of the preanble 10 package is
conpared to the bits of the subpackets; if the' fractional overhead is
greater than dllpe edethedrondd whessholhd stbp afrepréadihBethechplsdsidbrie new

nunber, of subpackets; .and if the fractional overhead is |ess than or equal
to thé pri¥erePRE adl%qﬂpégq@&tﬁo Hﬁtbﬁg?n’[‘lﬁ@ﬁle@enerati ng the preanble

package. 12. The nmethod of 11, wherein the step of choosing an initial
nunber of, 2 subpackets uses_channel conditions as a basis for choosing an

initial nifberThemedhes gt Revvherain th plataliy of erthagonal eodep atedWedshssi on of

a data payqead, conprising: 2 determning a data rate for the transm ssion
of the data payload; and wusing a | ook-up table to determ ne a
correspondi ng packet size for the 4 data payl oad and a preanbl e | ength,

wherei n the pa i el aft . nac d a preanble is
at t ached 1thi(') ea%@%?ﬁﬁéggﬁﬁf@rg%wﬁ%e gg%bsé‘?:%g’t%% 5@50‘%}25@1 OBETuS01/ 43617
21 142 Theinekesh odmofiurtiBatiohgystem, edapkisoig:up table is one of a plurality of

SRR N A e e e
4  carry a substantially similar copy of the data payload;
determining a data rate corresponding to the initial number of
6 subpackets;
determining a length for a preamble package in accordance with the
8 datarate;
determining a fractional overhead, wherein the length of the preamble
10  package is compared to the bits of the subpackets;
if the fractional overhead is greater than a predetermined threshold
12 amount, then choosing a new number of subpackets; and
if the fractional overhead is less than or equal to the predetermined

14 threshold amount, then generating the preamble package.

12. The method of 11, wherein the step of choosing an initial number of
2 subpackets uses channel conditions as a basis for choosing an initial number

of subpackets.

13. A method for optimizing transmission of a data payload, comprising:
2 determining a data rate for the transmission of the data payload; and
using a look-up table to determine a corresponding packet size for the
4  data payload and a preamble length, wherein the packet includes at least one
subpacket and a preamble is attached to each of the at least one subpacket.



15. An apparatus for generating a preanble for a data payload 2

transm ssion, conprising: an encoding elenent for receiving data payl oad
transm ssvon2/4s81par aneters; a spreadi ng el enent for recei RCHYSeB6ENcoded
data payload 6 transm ssion paraneters and for spreadi ng the encoded data
payl oad transm ssion paraneters; and 8 a mapping el enent for pernuting the
spread, encoded data payl oad transni&si on paraneters. 16. The apparatus of
Claim 15, further conprising a nodul ation elenent 2 for nodul ating the
encoded data payl oad transm ssion paraneters before input into the
spreading elenent. 17. An apparatus for generating a preanble to a data
packet, cldopriEiengetho@ qiride edsereirc duplaak-tip tabler Bomss of argadaliiyeofst or age

el enegt gont ai ni an .instructi set. exgcutabl e by t processor, to: 4

FepacRagdoRk s whartedeh o R BAESLHH Rt BRI EEENY cast “one
pr eanbl e wpiilaaagnbehef SidilablieWalsH daginetle 6 preanbl e payl oad corresponds
to the at | east one subpacket; and spread the at | east one preanbl e payl oad

to format |east one preanble 8 unit. 18. An apparatus for generating a

preanbl e {50 a Aat aggﬁﬂ‘t@ﬁs’ f6ORIrethiigy a2 #ﬁaﬂmé Ofor! @PAGKAGHRGIAJdat a
payl oad into at | east one subpacket; “neans for generating at 1east one

preanBl e tpaAndigsionE@ERRrifinghe at 4 | east one preanbl e payl oad corresponds

to the at lea Q Jbpa -} 2/:453 / .22 means for
spreading the a %&yﬁgnglﬁgﬁeé‘éngﬁwgégﬁ/&ﬁg IE:El étz’faga{# §?&I g%ggs ngg%ﬁe
pr eand| e paratetdr®; The apparatus of C aim 18, further conprising neans for
sequencing 2 the at .least; one.preanhle unit., 20. The .apparatus, of, Claim
16, further cohprerRyaRaRbr [Gndsarig gnthe £npdrdashts BB mi o
payl oad. t2dnsrAisstmparatnetéier angt fon zpraadihg thearnooded atataf payldada payl oad
on a 2 wireless comunication system conprising:
transmission parameters; an
8 a mapping element for permuting the spread, encoded data payload

transmission parameters.

16.  The apparatus of Claim 15, further comprising a modulation element
2 for modulating the encoded data payload transmission parameters before

input into the spreading element.

17.  An apparatus for generating a preamble to a data packet, comprising a
2 processor coupled to a processor-readable storage element containing an
instruction set executable by the processor to:
4 repackage a data payload into at least one subpacket;
' generate at least one preamble payload, wherein the at least one
6 preamble payload corresponds to the at least one subpacket; and
spread the at least one preamble payload to form at least one preamble

8  unit.

18.  Anapparatus for generating a preamble to a data packet, comprising:
2 means for repackaging a data payload into at least one subpacket;
means for generating at least one preamble payload, wherein the at

4  least one preamble payload corresponds to the at least one subpacket; and



means for choosing an initial nunber of subpackets, wherein each 4
subpacket will carry a substantially simlar copy of the data payl oad;
means fowaer/ewsm ning a data rate corresponding to the inP€T/@Bom3Intser 6 of
subpackets; nmeans for determning a length for a preanbl e package in
accordance 8 with the data rate; ne for determning a fractiona

over head, wherein the |ength of the preanbl e package is conpared to the
bits of the subpackets; and nmeans for deciding if the fractional overhead

i s greater thameans {or gpreatlingrthe néteashone pméa:tnb}upﬂylh céadl Itrelformﬂnab]raldas’g a new I
nunber, of ..and if the fractional overhead is |l ess than or equa
to thg f%“%?gggﬁggﬁﬁ%%d t hreshol d anpbunt, then generating the preanble
package. 22. An apparatus for generating optim zed preanble structures, 2

conpri si ng; ns for stori a |.gok- table; 4 nmeans for determning a
data rat 2&(‘ 0 ;Teghep QBR@EE‘,%“%\HE @iﬂﬂﬂ ggehﬁ’gﬁ%e?ompﬁéllwaﬁﬁ fpraspquensigs ubpacket
and azprqhgmt@edssoﬁépmet@ﬂgach of the at 6 |east one subpacket; and
means for using the data rate for the packet to find a plurality of

paranmeters on 8 the |ook-up table, wherein the plurality of paraneters
incl ude prganbige hEPALBSs of Claim 18, further comprising means for encoding the

2 atleast one preamble payload.

21.  An apparatus for optimizing the transmission of a data payload on a
2 wireless communication system, comprising:
means for choosing an initial number of subpackets, wherein each
4 subpacket will carry a substantially similar copy of the data payload;
means for determining a data rate cdrresponding to the initial number
6 of subpackets;
means for determining a length for a preamble package in accordance
8  with the data rate;
means for determining a fractional overhead, wherein the length of the
10  preamble package is compared to the bits of the subpackets; and
means for deciding if the fractional overhead is greater than a
12 predetermined threshold amount, then choosing a new number of
subpackets; and if the fractional overhead is less than or equal to the

14 predetermined threshold amount, then generating the preamble package.

22. An apparatus for generating optimized preamble structures,
2 comprising:
means for storing a look-up table;
4 means for determining a data rate for a packet, wherein the packet
includes at least one subpacket and a preamble is attached to each of the at
6 least one subpacket; and
means for using the data rate for the packet to find a plurality of parameters on

8  the look-up table, wherein the plurality of parameters include preamble lengths.



