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[0003] IEEE 802.11 is a family of standards developed by The Institute of Electrical

and Electronics Engineers (IEEE) for WLANs. These standards specify an over-the-air
interface between an access point and a user terminal or between two user terminals.
IEEE Std 802.11, 1999 Edition (or simply, “802.11%), which is entitled “Part 11:
Wireless LAN Medium Access Control (MAC) and Physical Layer (PHY)
Specifications,” supports data rates of 1 and 2 mega bits/second (Mbps) in the 2.4 giga
Hertz (GHz) frequency band using either frequency hopping spread spectrum (FHSS) or
direct sequence spread spectrum (DSSS). IEEE Std 802.11a-1999 (or simply,
“802.11a”) is a supplement to 802.11, uses orthogonal frequency division multiplexing
(OFDM) instead of FHSS or DSSS, and supports data rates of up to 54 Mbps in the 5
GHz frequency band. IEEE Std 802.11b-1999 (or simply, “802.11b”) is another
supplement to 802.11 and uses DSSS to support data rates of up to 11 Mbps. IEEE Std
802.11g-2003 (or simply, “802.11g”) is yet another supplement to 802.11, uses DSSS
and OFDM, and supports data rates of up to 54 Mbps in the 2.4 GHz band. These

various standards are well known in the art and publicly available.
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set of at least one data rate (e.g., 250, 500, and 1000 Kbps) supported by the range

extension mode. The transmitting station can send a transmission at a data rate
supported by either 802.11b/g or the range extension mode, e.g., depending on the
desired coverage range for the transmission.

[0008] In an embodiment, a receiving station (which may also be an access point or
a user terminal) includes first and second processors. The first processor performs
spectral despreading and differential demodulation for the first set of at least one data
rate supported by 802.11b/g. The second processor performs spectral despreading,
coherent or differential demodulation, and FEC decoding for the second set of at least

one data rate supported by the range extension mode.



supported by either 802.1 I b/g or the range extension
node, e.g., depending on the desired coverage range
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[0020] FIG. 1 shows a wireless network 100 with an access point 110 and user
terminals 120. An access point is generally a fixed station that communicates with the
user terminals and may also be called a base station, a base transceiver subsystem
(BTS), or some other terminology. A user terminal may be fixed or mobile and may
also be called a mobile station, a wireless device, a user equipment (UE), or some other
terminology. A user terminal may communicate with an access point, in which case the
roles of access point and user terminal are established. A user terminal may also
communicate peer-to-peer with another user terminal. For a centralized network
architecture, a system controller 130 couples to the access points and provides
coordination and control for these access points.

[0021]  An access point may be equipped with a single antenna or multiple antennas

for data transmission and reception. A user terminal may also be equipped with a single



term nals 120. An access point is generally a fixed

station that communicates with the user term nals and
worayead®ses be call ed a base station, a base traPCT/Es2006/023585

subsystem (BTS), or sone other term nol ogy. A user

term nal may be fixed or nobile and may al so be called
argerimabor ukiphd hotenna for rdetacsansdessianegndareasgioneqln pi@ni, access

(UE),. or sone, other terninology., A t i nal .
DQYBhGHP EAEEPRH VHD SAPIGRIEASE- BEF I FOup phlganas, ey Jgmindle 1208 and
150 ggle;a&h g@&ﬁ%@a Rennd siﬁ%r_énﬁlﬁé{na,t gid R kerAfifals 120b and 120c are

est S user ter may al so communi cate
egoh equippedowith nniltibleantsnhex. user termnal. For a

ralj net wor rghitectur a .syst C roller . .
10938 coupbed PevEeriadt BdetafEbht Bonu iR Tt fid Sheceiving
StHRY ORI B RGO T00L TrafsntitREStAe8 230 iPjuiped with a single

[ 0021] An access point may be equi pped with a single )
ardenmanansl oraynbd @h poeessnp@ninas af er dermanaly aReqeigng é?ﬁt@ﬁdﬁo s

eqrﬁ?ﬁgeﬁte | ﬂ{‘gﬁﬁ‘)ﬁ% fer. gr{] g Tr:n%ﬁ %htgﬁi?&eénaﬁllg 219 g ?soag#e.{arpﬁ%gss‘ﬁoﬁﬁ oft a user

tebmmagM ssion and reception. In FIG 1, access point
110 is equipped with nultiple ( two. or faur

I . g.,
[0933k nn ot rapsEiting, SRt %M%o%%?eﬁdgrméﬂ 290 enedes baw data (e,
: . e : _
@gé(;gpgggo %j;bﬁe& A% sgu&eteﬁwﬁn ?d.’ﬂ@ﬁe r%mﬁéli ﬁ&rge;'rgwagﬁc data. The

are each equi pped w t
scmntee omagling RRle Kl G&peRdstiowstie ideppldatgr and ghayabe, e.g., an

transpifti st agion nd a.receivin jon 250. .
Enbgid SHee Rets P60 R G erasiraos Wy padt S Fhodidor video
aRfY BRed WirkhiBprobeb 28NN B8 traffRYdRLfreM BERLBRcoder 220,

point or a user termnal. Receiving station 250 is

progeisppthd traffit detal inj gsberdprcegwith R datepraje sedrckadnos tgagmisgipn, and

I b i nt. t ' . .
p@viRs el HEPE T T B oSh by il B30 in §Raedtielow. A
trh@tnidat @nif EEMTR) 28R GRocsseki(8.eQ conters tbansldg oamplifesufiters, and

encodi ng schenme and generates traffic data. The so rc%, )
freqrendy npcerteaine thes oa@ye FHR g reqftes iy Mgoplaicdaticpy. which is

tr?t%%ﬁ@?gvﬁe‘m ﬁteﬂpazﬁ‘. _Enhanced Vari abl e Rate Codec
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complementary to the processing performed by transmit processor 230 and provides
output data, which is an estimate of the traffic data sent by transmitting station 210. A
source decoder 270 processes the output data in a manner complementary to the
processing performed by source encoder 220 and provides decoded data.

[0025] Controllers 240 and 280 direct the operation of the processing units at
transmitting station 210 and receiving station 250, respectively. Memory units 242 and
282 store data and/or program codes used by controllers 240 and 280, respectively.
[0026]  Stations 210 and 250 may support 802.11b or 802.11g. 802.11g is backward
compatible with 802.11b and supports all of the operating modes defined by 802.11b.
Table 1 lists the two lowest data rates supported by 802.11b and 802.11g and the
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results in a phase change of +90° or 7/2, a data bit pair of ‘11’ results in a phase change

of +180° or 7, and a data bit pair of ‘10’ results in a phase change of +270° or 31/2. A
symbol mapper 324 maps the differentially-encoded bits to modulation symbols based
on BPSK for the 1 Mbps data rate and QPSK for the 2 Mbps data rate. The symbol
mapping may be achieved by (1) grouping sets of B bits to form B-bit binary values,
where B=1 for BPSK and B =2 for QPSK, and (2) mapping each B-bit binary value
to a point in a signal constellation for the selected modulation scheme. Each mapped
signal point is a complex value and corresponds to a modulation symbol. Symbol
mapper 324 provides BPSK modulation symbols at a rate of 1 mega symbols/second
(Msps) for the 1 Mbps data rate and provides QPSK modulation symbols at a rate of 1
Msps for the 2 Mbps data rate. |
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[0033] FIG. 4 shows an embodiment of transmit processor 230 at transmitting
station 210 in FIG. 2. Transmit processor 230 supports the 1 and 2 Mbps data rates for
802.11b/g as well as new data rates for the range extension mode. Transmit processor
230 includes (1) DSSS transmit processor 310 that performs differential modulation and
spectral spreading for 802.11b/g, (2) a DSSS transmit processor 410 that performs FEC
encoding, symbol mapping, and spectral spreading for the range extension mode, and
(3) a multiplexer (Mux) 430. DSSS transmit processor 310 is implemented as shown in
FIG. 3.

[0034] Within DSSS transmit processor 410, an FEC encoder 412 receives the data

bits for traffic data from source encoder 220, encodes the data bits in accordance with
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chi I sequence to generate 11 output chips for the modulation symbol. In another
embodiment that is not shown in FIG. 4, regular modulation is used for the range
extension mode. For this embodiment, differential encoder 418 is omitted, and symbol
mapper 420 maps the interleaved bits to modulation symbols. The differential encoding
for differential modulation may improve performance of a receiving station since a slip
in a phase recovery circuit may result in loss of a few bits instead of an entire packet.
[0036]  Multiplexer 430 receives the output chips from DSSS transmit processors
310 and 410 and a control indicating whether a data rate for 802.11b/g or the range
extension mode is selected. Multiplexer 430 provides the output chips from DSSS

transmit processor 310 if a data rate for 802.11b/g is selected and provides the output
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[0039] Convolutional encoder 412a includes six series-coupled delay elements 512a
through 512f, four modulo-2 adders 514a through 514d for generator polynomial
g,(D) , and four modulo-2 adders 516a through 516d for generator polynomial g,(D).

Initially, delay elements 512a through 512f are set to zeros. The data bits are provided
to the first delay element 512a. For each data bit, adder 514a sums the input data bit
with the bit from delay unit 512b, adder 514b sums the bit from adder 514a with the bit
from delay unit 512¢, adder 514c sums the bit from adder 514b with the bit from delay
unit 512¢, and adder 514d sums the bit from adder 514c with the bit from delay unit



transmt processor 310 if a data rate for 802.11b/g is
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dglimgter ( bi $¥N§rf@1@ 6%% P@;EQS 8 Gixedhd28- bﬁscq@ebea‘ghat may be
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del a unit 512c, adder 514c suns the bit from
[%@iq r \Hetiqlf’ft%@ igrludes o RIGDIALy fight 64% 1 SERYHCE field 644, a
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e)lgzﬁgpls,' %R?I&zgfn fgedé a “@ﬁ_@g% a%xﬂb%n egl:lfn2 m%(ijc%teer daStgf ?Etess %ﬁ and 2
Mbps, respectively. SERVICE field 644 is reserved for future use, but a SERVICE
field value of 0 signifies compliance with IEEE 802.11. LENGTH field 646 indicates
the amount of time (in units of microseconds) required to send MPDU 660. CRC field
648 carries a CRC value that is generated based on the SIGNAL, SERVICE, and
LENGTH fields. The CRC value may be used by a receiving statioﬁ to determine
whether PLCP header 640 is received correctly or in error.

[0043] As shown in FIG. 6, PLCP preamble 620 and PLCP header 640 are sent at 1
Mbps using DBPSK. The overhead for PLCP preamble 620 is 144 bits, the overhead
for PLCP header 640 is 48, and the total overhead for PPDU 610 is 192 bits. The 192
bits are processed to generate 192 BPSK modulation symbols, which are transmitted in
192 symbol periods. Each symbol period has a duration of 1 microsecond (us). MPDU
660 is sent at the data rate indicated by SIGNAL field 642.
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[0046]  Table 3 shows an exemplary embodiment of the fields in PLCP header 740.

For this embodiment, the Rate and Rate Feedback fields are defined as shown Table 3.

The Duration field is given in units of 250 microseconds (us), e.g., ‘0000’ denotes 250

us and ‘1111 denotes 4 ms. Other units, in time or number of bits, may also be used

for the Duration field.
Table 3
. Numb
Field Olil.lgi t:r Description
Rate 5 :OO: =250 Kbps; ‘01° = 500 Kbps; ‘10’ = 1 Mbps;
11’ =reserved
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[0049]  In the following description, PPDU 610 in FIG. 6 is referred to as a legacy
PPDU, and PLCP header 640 is referred to as a legacy PLCP header. PPDU 710 in
FIG. 7 is referred to as a new PPDU, and PLCP header 740 is referred to as a new PLCP

header. A new station is a station that supports both 802.11b/g and the range extension
mode. A legacy station is a station that supports 802.11b/g but not the range extension
mode. A station may be an access point or a user terminal.

[0050] The new PPDU supports the range extension mode for new stations without
adversely affecting the operation of legacy stations. The new PPDU uses the same
SYNC field that can be detected by both new and legacy stations. A legacy station
would detect the SYNC field in the new PPDU but would not detect the SFD field and
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four codec rates in units of both time (us) and total number of symbols.

Table 4 — PPDU Sizes (CHANEST = 0 bits)

Num of symbols/packet PPDU Duration (us)
Codec Overhead Packet | 250 500 1 250 500 1
Rate Payload | Kbps | Kbps | Mbps | Kbps | Kbps | Mbps
1 Kbps 224 24 96 48 24 320 272 248
2 Kbps 224 48 192 96 48 416 320 272
4 Kbps 224 96 384 192 96 608 416 320
8 Kbps 224 192 768 384 192 992 608 416
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[@ﬁw\gr elgglg éec 10n (Idet nd ?mnng acqlp s?t?ci)(l? uﬁc.ﬁt %tiO detects for the 128-
bit sequence in the SYNC field of the PPDU preamble and further determines the timing
of the detected 128-bit sequence. Unit 810 may despread the input samples with the
Barker sequence in each chip period and generate despread symbols at the chip rate.
Unit 810 may then correlate the despread symbols with the 128-bit sequence for
different chip periods, compute the signal energy for each chip period, and declare
signal detection if the signal energy exceeds a predetermined threshold. The timing of
the signal peak may be used as the timing of the received signal. |
[0057] A frequency acquisition unit 812 estimates the frequency error in the input
samples. Unit 812 may multiply the despread symbols with the bits in the fixed 128-bit
sequence used for the SYNC field, perform a fast Fourier transform (FFT) on the



rates of 1, 2, 4, and 8 Kbps wth the CHANEST field

containing 64 bits. In this case, the overhead for the
woeawoeRBHoRB i ncl udes 288 total synbols, or 128 spabhUB®06/023585

for the SYNC field plus 64 synpbols for the CHANEST

field plus 96 synbols for the new PLCP header. The

r&mﬁfs yadbody/ 0 teptﬁé clRMRE dFaske kubsanl hasedasiethdSoukputs from the
Table 4. The PP durations for the four codec rates
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(P09, URSPS gawiYeelyrogaseqt 828 mresessas amgeci wkila df %lyh%kd igdicates

et e tr&?evij{%lsPPDU €4 %g‘iP g{Ud' ifi eﬁtssghr'ef?elgg 'i)k& ssor 820, a
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anne
an exemplary design of DSSS receive processor 820, which may include other

processing units not shown in FIG. 8 for simplicity.

[0060]  DSSS receive processor 830 processes a received PPDU if unit 810 indicates
that the received PPDU is a new PPDU. Within DSSS receive processor 830, a filier
832 filters the input samples to remove out-of-band noise and interference. Filter 832
may also resample the input samples to compensate for timing drift across the received
PPDU and/or for sample rate conversion from the sampling rate to the chip rate. A
frequency correction unit 834 removes frequency offset in the samples from filter 832
by multiplying these samples with a phasor rotating at the offset frequency. A rake
receiver/despreader 836 multiplies the samples from unit 834 with the channel gain
estimates, performs despreading with the Barker sequence, accumulates the despread

results for all R antennas, and provides detected symbols. The channel gain estimates



based on the input sanples for the SYNC field and the
CHANEST field (if sent). Unit 814 nmay derive a channel
w@ai0a/18%23 mat e for each chip i ndex of the Bar kB€T/US2006/023585
sequence and obtain an 11-tapisxhannel inpul se response
estimate for the wreless channel. Unit 814 may

may be piblyvetdrmlcerhasﬁd amtip | SYNOfictdgdtl fo¥siblyode CHIANESTaEd of the
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transm Adifferent] ecoder erfor
rdamﬁec@npllemenmex Udthﬁgnteﬂeavhtfg pqumi:dfblydmeﬂyavbﬁhm in FIG. 4. An

T e T O
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recei ve processor 820 is conplenentary toth
[BeMdes sAngubipless8 5P maeesvrist thp outpes sleta 310 ]A‘BSS receive processors

QIR HRE 15 0 B LSS BB AR e v

HRD ugle legdee PR OCASS piogidéRithes ompht 849w DSSEGecdivt Processor
licity |[P 060] DSSS rece| ve processor 830
ggpg%@%%@vgd eel! peanavpBPUt unit 810 i ndicates t hat

08 SCROSHEREY ik BRI RSS9 Escn v

and tlneemge eplghsiof mmied Rekie paoassont260fmayesiee be mnple@iented with

aI s resa lLe the i sanples to conpensate
ﬁtﬁr df’ﬁl 'ihllsflts Ib@g SEPRS G, (?éﬁeeﬁr’\)’%‘&lqﬂPDU and/ or for

(666! € Tl@é Qe ORYRhSsMh bhid® %&Pﬁonc' @éﬂﬁhfqﬁgs GedcRbe® hefEn may be
chip rate. A frequency correction unit 834 renoves

implefigaied\byorarions means. heorsxamples tlfes@mchmqu@rmaeae implemented in

hardware, software, or a combination thereof. For a hardware implementation, the

processing units used to process data for transmission at a transmitting station (e.g.,
DSSS transmit processors 310 and 410 in FIG. 4) may be implemented within one or
more application specific integrated circuits (ASICs), digital signal processors (DSPs),
digital signal processing devices (DSPDs), programmable logic devices (PLDs), field
programmable gate arrays (FPGAs), processors, controllers, micro-controllers,
microprocessors, electronic devices, other electronic units designed to perform the
functions described herein, or a combination thereof. The processing units used for data
reception at a receiving station (e.g., DSSS receive processors 820 and 830 in FIG. 8)
may also be implemented within one or more ASICs, DSPs, processors, electronic

devices, and so on. The processors at each station may share hardware units.



by multiplying these sanples with a phasor rotating at
the offset frequency. A rake receiver/despreader 836
wordobitpieees t he sanples fromunit 834 with thePClTaRIU66/023585
gain estimtes, perforns despseading with the Barker
sequence accunmul ates the despread results for all R
OYBUENN &Ry ANdofBh AN %ﬁleﬂﬁhﬁﬁ%ﬁ d 5y nded Sfcran-gﬂlﬁﬂssmariﬂ@ reception
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denodul at or nod) 838 renoves phase error int

cafdrodler 240 oy ABOI sleeem@rYr it ay befipplementeyl withig theprgeessor or
denodul ated synbols, which are esti mates of

it OXL%gﬁ OLRSR0
R ¢ Bt9°6H gynbols sent by transmitting station
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s¢ape ephsstonsrwithl deipninFipltes and nayel frgugediseleseddwreinecodes
the deinterl eaved synbols in a manner conplenentary to
the encodi ng perforned by FEC encoder 412 in FIG 4
[0U%6] Pr OWHIRT ISWCIATMED ES: [ 0061] A nul ti pl exer 850
recei ves the output data from DSSS receive processors
820 and 830, provides the output data from DSSS
recei ve processor 820 if the received PPDU is a | egacy
PPDU, and provi des the output data from DSSS receive
processor 830 if the received PPDU is a new PPDU
[0062] FIG 8 shows a specific enbodi nent of receive
processor 260 for 802.11b/g and the range extension
nmode. Receive processor 260 may al so be inplemented
Wi th other designs, and this is within the scope of
the invention. [0063] The data transm ssion and
reception techni ques described herein may be
I mpl ement ed by various neans. For exanple, these
techni ques nay be inplenented in hardware, software,
or a conbination thereof. For a hardware
i mpl enent ati on, the




processing units used to process data for transm ssion

at a transmtting station (e.g., DSSS transmt
w@e@easses s 310 and 410 in FIG 4) may be i npl POEOSm®A6/023585

wi thin one or nore applicatigg specific integrated

circuits (ASICs), digital signal processors (DSPs),

digital signal processing GEW ( DSPDs) ,

programabl e | ogi ¢ devices (PLDs), field programmbl e

gate arrays (FPGAs), processors, controllers,

m cro-controllers, mcroprocessors, electronic

devi ces, oMREPPEIBREIBRIN&ini t s designed to perform
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e L7 RS HEARE T R oA AR s s
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820 and 83Q in FIG 8 | so be ingplenmented wthij.n

one & HGTE Rcewor et Gt deudo, TOMGE iR cooestion (FEC)
AEYif L Ssyndll nfPpRB; ankh e@&ﬂ%@%&a@ﬁfg Ak 2 QB8EMdSkAbS &NedM¥ne data
share hardware units. [ 0064] For a software

TRigpl ement ati on, the data transm ssion and reception
techni ques may be inplenmented with nodules (e.qg.,
procedures, functions, and so on) that performthe

f unctd. ons Tesaphhead dietain., whatsis el sebdrl RodrRideRY dQ rate that
_si?ored in a menpry unit (e_.g., menory unit 242 or 282

ip fpwer thanog logygef daidiateria dhaplirshsehy ocessor (e. g.

controller 240 or 280). The nmenory unit may be

i npl emented within the processor or external to the

pr ocessor . THeO@@mlatThef ptagmi buwhelesc thiepfirsbrpradesddneis operative to
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W ll be readily apparent to those skilled in the art,

and the generic principles defined herein nay be

applied t t her rents _without departing from .

t he s4gi ri tG‘F h%rﬁ)% t%aglgb%?élg%‘eai va‘é‘tr? 1 glr? . Se‘el"tgnu({sf,’mf ‘f%éor 18 Operative to
peffoeMEC Br@dingd ByinBoln@hppifid,eamdeshet @al Q@rdaﬂﬂfgtf@ﬂ dht@ b€ of less
enmbodi nents shown herein but is to be accorded the
thgngbress bispeecenh&YBPEnt with the principl es and novel
features disclosed herein. [0066] WHAT IS CLAI MED

I S: CLAIMS 1. An apparatus conprising: a first

proceéssor Tpeapperans dfcclger 1 owhertif fhersendridapronasdord @tdperative to

a ral r ead for a first t of at |egst one
PRAPHR Fe Chgp R e B matting: dafbae Bl SBitad i BE agg ies of 250
aB@80akilY Bith/Seddfd (RhpE).f orward error correction (FEC)

6. The apparatus of claim 1, wherein the second processor is operative to
perform FEC encoding on traffic data in accordance with a convolutional code, to map
FEC encoded data to modulation symbols, and to spectrally spread the modulation

symbols.

7. The apparatus of claim 6, wherein the second processor is further
operative to interleave the FEC encoded data and to map interleaved data to modulation

symbols.



encodi ng, synbol mapping, and spectral spreading for a
second set of at |east one data rate. 2. The apparatus
w@bRoosl1a86rs 1, wherein the second set includes aPdEUS2006/023585
rate that is lower than a | owgst data rate in the

first set. 3. The apparatus of claim1, wherein the
first8.pr ocBes @pparstuspefr akainae6t ovhpeiif ahen sdédiide pesessal is further

| ation_.and ectral spreadjing in _accordance with
‘ﬁ‘g “"Vgﬁ%’ﬁr{%"? %31%66 léﬁ%‘ff’ 8@019%%11@1 RAgRIng.
bits/second (Mps). 4. The apparatus of claiml,
wherein the second processor is operative to perform
FEC éhcodi i, apppeased ofrelpinn g wharedn sheesdcond psquessadisngperative to
s of s than 1 nega bits/seco Mops) .
ronf R S COn, TR ol scqaireithe T gomeiitonal code

Fatlac epsar FEG effiried dhtdot DchRIThRNGWERRaSREO 2N, synbol
mappi ng, and spectral spreading for data rates of 250

and 500 kilo bits/second (Kbps). 6. The apparatus of

cl ai , ' >ond Qcessor .1 s operative to

per f omrorln F&%reaﬁ%grélmr%g)fgﬁﬁ@?a ﬁhgr GAPB" "R accor dance

W t h acontmolled efferarivelto celdet, thé firsTep sddokd PRsc@skRE bekedant Lrange for

dul atj on synbols, and to spectrally spread the
a:}r??ﬂ‘ﬁ’inhsﬂoé‘n synbols. 7. The apparatus of claim 6,

wherein the second processor is further operative to

interl eave the FEC encoded data and to map interl eaved
dat a llo noldelappametusof slaohd, Buththeompyisngt us of cl ai m

6, rein,the second processor is further operative i
Lo paRieBiRirRRERE aBrEHE Sithy cReadhie 06 volfRuo and to provide
impapditador Be fifftanapenatpascetfore! @i m 1, wherein the

second processor is operative to perform FEC encodi ng

on traffic data in accordance with a rate 1/2

convghut i I . epeat. FEC encoded data. for .
a cogg' r a?glglag&e%%ﬁlsmlélg} é’ g’ﬁ %r.emlée STHE PS50 Qperative to
podcassa fdrotdcot fdre unit oompiisddig a preGatle f Ohdabér, ARES Bhth ¥RId. O

select the first or second processor based on a range
for a transm ssion.

13. The apparatus of claim 12, wherein the preamble comprises a SYNC

field carrying a fixed sequence of bits.

14.  The apparatus of claim 12, wherein the protocol data unit further
comprises a channel estimation field carrying a fixed bit sequence used for channel

estimation.

15. The apparatus of claim 12, wherein the header comprises a rate field
indicating a data rate used for the data field and a rate feedback field indicating a data

rate to use for feedback.

16.  The apparatus of claim 12, wherein the header comprises a duration field

indicating a duration of the data field.

17. A method of transmitting data in a wireless communication system,

comprising:



11. The apparatus of claim1, further conprising: an

encoder operative to perform source encodi ng on voice
waolaioa/138sa3 t 0 provi de i nput data for the first BemUS2006/023585

second processors. 12. The apparatus of claim 1,

wherein the second processor is operative to process a

pr ot celctivat datamate faoapanssdskiaf, a preanbl e, a header,

and a _data.field. . _The apparatus of claim12 L
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wherein the protocol data unit %urt er conprises a
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used.for channel estinmation. 15, The apparatus, of
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datddagat i Nng a data rate used for the data field and a

rate feedback field indicating a data rate to use for

feedback. 16. The apparatus of claim 12, wherein the

headef, co [ on_field,indicatin .
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rhappivsgyand spegtraledpeddihgecomprbess comuni cati on system

conprisjng;selecting a data rate for a transm ssion;

per f AERPHEING FEGr iroidge. sp@bphmappingn and fweetra| spreading for the
i I t: 1,55l i rate 1s in
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I b; and perform ng forward error correction (FEC)

encodi,ng, nbo i ng,..and spectral_ spread] far

The tons MHEePgoq P EHETd2: ApEREte SeTh ngﬂsﬂ%}@é{ng, symbol
@dppdig, hed§iecRRIB pRAM o BE e tABsmikBidn ¥BRpAGOf claim 17,
wherei n the perform ng EEC encodi ng, synbol mappi ng,

and speedingfatg fercthel fransraissipn isassoendeowith agoEEditional code,

encodi ng. i n nd spectral ,spreadi ng for
t he ?llrl%g’%n és{lgg génd @gf%nég%%\l?t éonrszi%gmﬁssafl%ss than 1 nmega
bi t s/speeilg spiagisl thel@oddlbgoBinitags. of claim 17,
wherein the perform ng EEC encodi ng, synbol

20.  The method of claim 17, wherein the selecting the data rate for the
transmission comprises
selecting the data rate for the transmission from the first set or the second set

based on a range for the transmission.

21.  An apparatus comprising:

means for selecting a data rate for a transmission;

means for performing differential modulation and spectral spreading for the
transmission if the data rate is in a first set of at least one data rate for IEEE 802.11b;
and

means for performing forward error correction (FEC) encoding, symbol
mapping, and spectral spreading for the transmission if the data rate is in a second set of

at least one data rate.

22.  The apparatus of claim 21, wherein the means for performing FEC

encoding, symbol mapping, and spectral spreading comprises



mappi ng, and spectral spreading for the transm ssion

conpri ses encoding data for the transm ssion in

wacewonsgsare with a convol uti onal code, mappi ngPENTRIOE 023585

data to nodul ati on synbols, ampd spectrally spreading

t he nodul ati on synbols. 20. The nmethod of claim17,

wher aehéarisifer peffeating FEChenddaing, sahbolf Mappilg, and spectral spreading

transm ssjon conprises selecting the data rate for the

foF HedrmERisoAn £ BRiRRaatens les bap 1peeuissecasidMRSe).

based on a range for the transm ssion. 21. An

apparatus conprising: neans for selecting a data rate
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| ati on ?nd spectr.al gﬁeaduggg or the transm ssion
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forward error corfrection (EEC) encodi ng,

agdppi ng, and spectral spreadlng for the transn1SS|on

if the datfa rate is cfste ondd@lé Ieat one

dat o ets Torspebom gafled ol AlgTB PO RBRe n t he
meansmék f&%&&fmyrsgreﬁﬁfﬁgqn@ﬁﬁuamoﬁmmS mappi ng, and
spectral spreading conprisesnmeans for performng FEC
encodi ng, synbol mapping, and spectral spreading for

the tyans S

b1 ¢ s/ 2bcont (Rpgads & FRafiae iRl ok mERR b e THE data rave
fmhtheelransmiaaoﬁeampnﬁssr perform ng FEC encodi ng, synbol

mappi ng, ndg‘ﬁ ectrﬁ spr eadi ng for the transm ssion
conpriPe®s IRpsficcting the ety i 4he tiepsmissian dromm dhs S&st oat or the
sePorRIGE OB 6R a Wl Og@fér&e@eéﬂé skigpal code, means for

mappi ng encoded data to nD t| on synbols, and neans

for spectrally spreading the nodul ation synbol s. 24.

The aral%us of claim?21, wherein the neans for

sel e Th&PPFATYS CORRESIE the transmi ssion conpri ses

a first processor operative to perform spectral despreading and differential

demodulation for a first set of at least one data rate for IEEE 802.11b; and
a second processor operative to perform spectral despreading, demodulation, and

forward error correction (FEC) decoding for a second set of at least one data rate.

26.  The apparatus of claim 25, wherein the second set includes a data rate

that is lower than a lowest data rate in the first set.

27.  The apparatus of claim 25, wherein the first processor is operative to
perform spectral despreading and differential demodulation for data rates of 1 and 2
mega bits/second (Mbps) in IEEE 802.11b.

28.  The apparatus of claim 25, wherein the second processor is operative to
perform spectral despreading, symbol demapping, and FEC decoding for data rates of
250 and 500 kilo bits/second (Kbps).



means for selecting the data rate for the transm ssion
fromthe first set or the second set based on a range
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atus o erelrn the second processor is
operative to performdifferential decoding on the
denodul ated synbol s o, perform EEC de

Odl n n an .
out piF- of e PRMPIS LA 25 DGR 1o 90N HOCEPRR ARyEive to
10i e R pMBiacdl dath iriefor GRSk, 18 SEACR proRffIaldf (Re protocol

to perform source decod I Ng on an out put mthe firs
deta mﬁtamﬂtcpdejma@ whather the tmn@lwsd@nde écord@dlat@l @ate in 8B first set or

The a of . cl ai 5, wherein the second
er%”&%@‘g Sseaé’Bé}lma?ﬁe@‘g‘ht%o receive a protocol data unit
for a transm ssion, to process a preanble of the

pr ot ocol ) ) ) _
34.  The apparatus of claim 25, wherein the second processor is operative to

perform signal detection based on a fixed bit sequence sent in a preamble of a received

protocol data unit.

35.  The apparatus of claim 25, wherein the second processor is operative to
derive a channel estimate based on a preamble or a channel estimation field, or both, in

a received protocol data unit.

36.  The apparatus of claim 25, wherein the second processor is operative to
receive a protocol data unit for a transmission, to process a header of the protocol data
unit, to determine a data rate used for data sent in the protocol data unit, and to

determine a data rate to use to send feedback.



data unit, and to determ ne whether the transm ssion

is for a data rate in the first set or the second set
whawed3sse3 t he preanbl e. 34. The apparatus of cPEi/IsRB6/023585

wherein the second processor jhs operative to perform

signal detection based on a fixed bit sequence sent in

a predanbl eA ofmethotieofirvailving 0dH£Qh §lakRelddy tomBhumickien system,
apparatus of claim 25, wherein the second processor is
CepeFafBve to derive a channel estinmate based on a

prea : I j y held .or both, in a

P ecorgcimaling sGaATE foPElunBhisgh binkrtesile, (0L

cl ai rpe#drminigerspectrdl helegeenlith parac edifforeniisl afeedciuiavient dor the
recejve a ro%egcol data ynit for a transmssion, to
UgpeRission 4t ﬁ‘é’a 3 T3 1% W2 HIsbegcdiat dpastongnilata rate for IEEE 802.11b;
Jfgtermne a data rate used for data sent in the

protocol data unit, and to determne a data rate to

use tperfesmihgf gedivalcdespitadiagdeioduladon, emdi forwarddetrar torrection

(el ess co ni cation.system conprising;
ECLioRieoR Tt miseion dbihe daarralg d et e6RTg gt phat least one data
ritecei ved; perform ng spectral despreadi ng and

differential denodul ation for the transm ssion if the
data rate is in a first set of at | east one data rate

for ILEEE . : r{ormon ect r.al _.despreadin .
et at 10 PR AR 2o adpe Bi iy SBEGAT oBbneading
cobegetti deghddatatiohcadd FEG té®8ingiTol the tiagsHidtion camprises i n a
second set of at |east one data rate. 38. The net hod

of cIPSITRIMING sRAEFdRSRIsRsings Y BPoK degnapping; and FEC decoding for the

ARSRISERA o QGRS TesIRIR I A AYseRg rgﬁ%gsgdec oding
for the transm ssion conprises perform ng ectral
despreadi ng, synbol demappi ng, and FEC decodi ng for

t he ansmi,ssion if_.the tarate is less than 1 nega
bi 1 5 Peconk e PRy of g 7 Hief EmPRRNE] ai m 37,

furt hedeiGASRPrStbE dafaQi@if¥# 6 tAndhi@diggol data unit for
the transm sSion; processing a preanble of the

pr ot Geeviesting a praaimble efrflie protocol data unit; and

determining whether the transmission is for a data rate in the first set or the

second set based on the preamble.

40. An apparatus comprising:

means for determining a data rate for a transmission to be received;

means for performing spectral despreading and differential demodulation for the
transmission if the data rate is in a first set of at least one data rate for IEEE 802.11b;
and

means for performing spectral despreading, demodulation, and forward error
correction (FEC) decoding for the transmission if the data rate is in a second set of at

least one data rate.

41.  The apparatus of claim 40, wherein the means for performing spectral
despreading, coherent demodulation, and FEC decoding for the transmission comprises
means for performing spectral despreading, symbol demapping, and FEC

decoding for the transmission if the data rate is less than 1 mega bits/second (Mbps).



determ ning whether the transmssion is for a data

rate in the first set or the second set based on the
wo@e@anddees 40. An apparatus conpri sing: means POT/US2006/023585

determining a data rate for ggtransm ssion to be

recei ved; means for perform ng spectral despreadi ng

and differential denodulation for the transm ssion if

the data rate is in f|r t set of at, | east one data

rat e43-or ThEeppapsus afsl Felhes cPBPTIFBEY or mi ng

spectr eadi rd error
cor r}élgﬁsofgpgal%é%@ e od%%?%gpﬁ% F](gfq?ef gﬂ%ﬁl{lgﬁ%n if the
dat ameatisefor processimgsepreanbieatf tief pratocbledest unitiendat a

rate. 41. The apparatus, of claim40, wherein. the neans.
for PeRIoRTAGHERES MAFhCUE fEamgon do e e e Tirs set
opﬁg@%ﬁ%b%sec?&?th’é Eregggiedi ng for the transm ssion
conprises neans for “perform ng spectral despreading,
synbol demappi ng, and FEC decodi ng for the
transmssion if the data rate is less than 1 nmega
bits/second (Mops).42. The apparatus of claim 40,
further conprising: nmeans for receiving a protocol
data unit for the transm ssion; neans for processing a
preanbl e of the protocol data unit; and neans for
determ ning whether the transmssion is for a data
rate in the first set or the second set based on the
preanbl e.



