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BACKGROUNRD o¥NiTs8hess dat a i s becom ng i ncreggigyynzROPUl ar
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comuni cation technol ogy i "¥P¥E2AG5¥Y FAMESnput er networks, thus all ow ng
a user of a portable conputer to nove freely around an 10 office,
unencunbered by network wring. BwCKEROUMIDd protocols for wreless data
transm ssion_.are the | EEE 802. 11a st.andard (| EEE std. 802. 11a-1999,

publ i shed De¥&rfer=fod@f 2 fPIHELCRER A0 2 51 RF Wi i e nash Y.

802. 11bp3889arpubll shed1Bacerhet, LRAMnfAEh & dhaaR by Pl ool s, define
802. 11a specifi

mul tiple data transm ssion rates. |EEE a maxi
t ransm $srenppaeEedf 154 avpiumskous( Weydlsiass perclsecomlludiah defined sl ower
transm ssion, rates_of 48 its/s, 36 Mits/ 24 its/s, 18 Miits/s, 12 .
Mbi t S/ s SORBPPSFS, o o hgiE el Eﬁélﬁ?% éﬁi’ypkbi“ﬁ SF2EHXG mum
transni gsieBekat €o00f ekhmliet, S/ Wi el <defdied cHmWilicatliiGys M ssi on rates of
5.5 Moits/s, 2 Mits/s, and 1 Miit/s. Wien maxi num data throughput is

desi r edteaanralpayt Agnsilerr dgedt ipheompyian nedvwrtsan Siiuss isdi gveitrey
ouL ALg Ll OB S BB RS O SIS, ShEt S 2,
tramsm s§Edner, aieenbhGORRE O OEtRBAW MGTiHde 1 shows a conputer system
using wﬁrele%aod%%gndard protocols for wireless data transmission
are the IEEE 802.l1la standard (IEEE std. 802.11a-1999,
published December 1999) and the IEEE 802.11b standard (IEEE
std. 802.11b-19929, published December 1999). Each of these
15 protocols define multiple data transmission rates. IEEE
802.1la specifies a maximum transmission rate of 54 Mbits/s
(megabits per second), with defined slower transmission
rates of 48 Mbits/s, 36 Mbits/s, 24 Mbits/s, 18 Mbits/s, 12
Mbits/s, 9 Mbits/s, and 6 Mbits/s. IEEE 802.11lb specifies a
20 maximum transmission rate of 11 Mbits/s, with defined slower
transmission rates of 5.5 Mbits/s, 2 Mbits/s, and 1 Mbit/s.
When maximum data throughput is desired, data is
transferred at the highest data transmission rate available.
Unfortunately, various factors, such as electrical
25 interference, noise, and signal attenuation often limit that

data transmission rate.

DESCRIPTION OF DRAWINGS

FIG. 1 shows a computer system using wireless data

communication technology;

30 FIG. 2 shows a data transmission rate control process;
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communi cati on technol ogy; 30 FIG 2 shows a data transm ssion rggzﬁﬂpk@ﬁs
. process; *@&0002* 2 6 AUG 2006 WD 03/075503 PCT/ US03/ 03767 FlI S

a flow chaWO & H3i fyi ng one enbodi nent of the data transmCIEIYHN03I74T e
control process; FIG 3 shows a data transm ssion rate control nethod; and
5 FIG 4 shows_anot her data transm ssion rate control process. DETAI LED
DESCRI PTI ON c&ﬂﬁ%r efd ERAW§ari blevwhaharkekaemwtiidasngs wnte asiskA iRt er s

10 and 14,shone g £ Qrad [ ith_each_ other via a variable-rate
data communi cation chaﬁ%efmﬁgwﬁa%%‘t’gf w?ﬁg§8ﬁ(;8ﬁﬁ&te§,sg 10 and 14 use a
wirel ess conmiif®calisinodeva céatls BrandBikespackivel vdie 2at aRlhsfy and

mai ntain vari abl e-rate data comunicati on channel 12. 15 Wreless '

comuni cat1on devices 16 and 18 nonitor the si gnal -to-noise ratio (SNR) of
vari al e-rate gt a 4 CORRI £atiQ0.-C el_. nd _adjust its data
transmssion rate in res%oﬁg&?%l vggl?%t!:Jé%[éslﬁ%gtgﬁghcﬁﬁ‘ﬁﬁelc%twamal -to-
noi se ratRIRcEPecifically, the higher the signal to noise 20 ratio, the

hi gher the data transm ssion rate; and the lower the signal to noise
ratio, the lower the data transm ssion rate. Each wi rel ess conmunication
device 16 or 18 controls the rate at which that device transmts data

across 25 vari able-rate data ]§on’mmi cati on channel 12. Wrel ess
conmuni cati on devi ce 16 cont roFS*tHEPt PERSRIPSION rate that data is

transmtted frovmmeEns eind /49 SEMM.EE -3 an L.Lel ess_conmuni cation
device 18 controls the transm ssion rate t%gtg%\é?%élgs PHafsAPtted from
CoanthcBFHHFQQﬁniﬂéﬁnd 14 shown in Fig. 1, communicate with each

other via a variable-rate data communication channel 12.
Each of these computers 10 and 14 use a wireless
communication device 16 and 18 respectively to establish and
maintain variable-rate data communication channel 12.

15 Wireless communication devices 16 and 18 monitor the
signal-to-noise ratioc (SNR) of variable-rate data
communication channel 12 and adjust its data transmission
rate in response to variations in the channel’s signal-to-
noise ratio. Specifically, the higher the signal to noise

20 ratio, the higher the data transmission rate; and the lower
the signal to noise ratio, the lower the data transmission
rate.

Each wireless communication device 16 or 18 controls
the rate at which that device transmits data across

25 wvariable-rate data communication channel 12. Wireless
communication device 16 controls the transmission rate that
data is transmitted from computer 10 to computer 14 and
wireless communication device 18 controls the transmission
rate that data is transmitted from computer 14 to computer

30 10. Examples of these wireless communication devices are:

wireless networking PCMCIA (Personal Computer Memory Card



30 10. Exanples of these wireless conmmunication devices are: W ¥ § 5
< networ ki ng RgYlebbosier sonal Conputer Menory Card 2 WO 03/07 2%%&@
2006 PCT/ US03/ 03767 International Association) cards; mnreless access

points; wreless network interface cards; and so forth. As shown in Fig.

2, each mnEate&ma&dmmunlQ@@b@ﬂa@&tmgecayﬁém'W%%éfgéémgﬁc ggééin S;
transm.ssion rate control process 5 19, which nonitors the -t 0- noi se

rati o of vYFFEHESS: &Féwﬁ’ﬁcal@@@mﬁmc@aﬁamd&;hamdalsd%cammadj usts its data

transm ssion ra Ig span to.vari,ati ons i.n the channel
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24 The reegt¥egsitdec@dmisiHsedoho i iy t fr n101her devi ces
conmuni cati ng on channem 1% 12 gﬁdep é%%§a§3ng¥l SUESPY transnit

data to thosaspégsiesn. ratR datEespnaseomopwaﬁa%&ra&sIMHl&K§5éhéHHé¥5
si gnal degf Hggaglon ocesg 26 that exam nes the receive side 22 of
vari abl e- r at 8" gat i t&EBn channel 12 to deternine 20 a noise signa

strength fact orag8skipraé t atj.on _chann
g skrrd B@rM@hh@@bﬁﬁ%%e@%e?& ﬁl]%%%br% tt:'h)ga VA %‘ten
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fhat has 26y o AL Se e Fe Sl FERERCoT F Ao Bt gnsPTBHLRe TireiaPanside 122 of
channel 12isis kerdidecthgnahechenhelstuwheninerdaba S RN S @GQVed from
the remote q§VIC€ragg§q§fg{§e 52? S%ﬁgngégegieagﬁde 22 1is used f
or
receiving data from other devices communicating on channel
5 12 and the transmit side 24 is used to transmit data to
those devices.

SNR determination process 20 includes a noise signal
determination process 26 that examines the receive side 22
of variable-rate data communication channel 12 to determine

20 a noise signal strength factor 28 for the variable-rate data
communication channel 12.

This noise signal strength factor 28 is determined by
examining the strength of the signal present on the receive
side 22 of communication channel 12 during a period of non-

25 transmission. Ideally, in a system that has zero noise, the
strength of the signal on the receive side 22 of channel 12
is zero during the periods when no data is being received
from the remote device. Therefore, the strength of any
signal present on channel 12 during a period of non-

30 transmission represents the noise of the channel (i.e., its
noise signal strength factor 28). This noise includes both

air noise and receiver noise.
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bei ng recerved Trontt hE“FalibteSiBNgeyPELFRIAH £ac® A4 signal strength
factors 32 inclTdes raebseeai gnghast tePEhALHAG 8,3 AS; Noj e | S present on
channel 12 during both transm’%siaQn and %on-trag{\tscr?ln 5352f101né1 “bésea%su% 8 SNR

det er m ndl{ohRracelse 28henr dabp Lachbalng aretstiaed ¥isimgnate dedms e nat i on

process det L RQi dif f erence between the received signal
strength a%it)%er' 32§{¥%%a€g?%g§%§eﬁ%§nﬁgt 5%5%\,‘\%{){}?&‘:%@% HeERiER 3R]AEF gnal
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dat a g n ; i e ise (i.e., th noi se si gnal
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si gnal -t ewigsesiqtab $orenvatrh abhetoat 2825a§ah@iwi§ﬁ@§é}ft innel 12
es

can be cal.cul ated. NR. deterrrl]'lnati on process 20 inclu an SNR
channel 12 during both transmission and non-transmission

periods.
SNR determination process 20 further includes a data
15 signal determination process 34 for determining the
difference between the received signal strength factor 32
(that represents data plus noise) and the noise signal
strength factor 28 (that represents only noise). This
difference is the data signal strength factor 36 and
20 represents the strength of the actual data signal received.

Now that the strength of the data signal (i.e., the
data signal strength factor 36) and the noise (i.e., the
noise signal strength factor 28) on channel 12 have both
been determined, the signal-to-noise ratio for variable-rate

25 data communication channel 12 can be calculated.

SNR determination process 20 includes an SNR
calculation process 38 for calculating the signal-to-noise
ratio 40 of variable-rate data communication channel 12 from
the data signal strength factor 36 and the noise signal

30 strength factor 28.

Mathematically, the signal-to-noise ratio. (SNR) is

equal to:



cal.cul ati on process 38 for cal cul ating the signal-to-noise ratiozibAngmm

» vari abl e-r awe @atssegomuni cati on channel 12 from the data sj ( gth
factor 36 and the noise signal 30 strength factor 28. Nhthenﬁ??ggpﬁé?@?he
signal-to-noise ratio.(SNR) is equal to: 4 28 AUG 2006 WD 03/075503

PCT/ US03/ 03767 2 0 | ogao (Vs/Vn),Ac di Rrgl if the data signal strength
factor.- 36 (as determ ned by dat%@é?gﬁgﬂqgéyg%hination process 34) is four
mllivolts (4 mV), and the noise signal strength factor 28 5 (as determ ned
by noi se si gnahcdetréinghuti bh phecéssa2B)gnsl emeemdth feldtoxl 3@V)(asg he
signal -to-noi se, rati 4/,0 .. 001)
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cal cul ation process 38, is used to set the data transmssion rate of
channdl 1fas Datbermanedi byi naisat eignalr detprodosd ive prdasdss 26) is

transm ssion rate, adjus nt. progcess.42_that uses the 15 signal -to-noise
atio 40 PAT CUrat BHCDY SKRICAT coia PaAn=r bosEe 38 6534 sk Sihe dat a
transm ss¢ganm@l e1of iyari abl e- rate data conmuni cati on channel 112. The
transm ssion rate adjustnent process 42 includes an SNR conparison process
44 for conparing the signal-to-noise 20 ratio 40 of the variable-rate data

communi cation channel 12 to mA%iift%ee$PgR8E/CoO0di'se ratio ranges. An
exanpl e of these signal-to-noise ratio ranges (for an | EEE 802. 11a

protocol channghd &8o880WNLbeh oW e L8hA1 M Nk PM:SIgRAl +{Rnoise ratio
10 for channel 12 is 12.04 decibels. This signal-to-noise
ratio 40, as determined by SNR calculation process 38, is
used to set the data transmission rate of channel 12.
Data transmission rate control process 19 includes a
transmission rate adjustment process 42 that uses the
15 signal-to-noise ratio 40 calculated by SNR calculation
process 38 to adjust the data transmission rate of variable-
rate data communication channel 12.
The transmission rate adjustment process 42 includes an
SNR comparison process 44 for comparing the signal-to-noise
20 ratio 40 of the variable-rate data communication channel 12
to multiple signal-to-noise ratio ranges. An example of
these signal-to-noise ratio ranges (for an IEEE 802.1la

protocol channel) is shown below:

Data Minimum Signal-to-
Transmission Rate Noise Ratio
(1) 6 Mbit/s 1.2 dB
(2) 9 Mbit/s 3.8dB
(3) 12 Mbit/s 4.4 dB
(4) 18 Mbit/s 7.0 dB
(5) 24 Mbit/s 10.1 dB
(6) 36 Mbit/s 13.1 dB
(7) 48 Mbit/s 17.7 dB
(8) 54 Mbit/s 19.0 dB
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first ranggchute MAeisniRe: i%ec et ¢ angeor 18xdMpl8boenkiesthd Fiigral theeroi se
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address wvhagsFedds & -GorffuniTdl i ¥R nekdst ot €Re édnpubdpERlcSRATERE-ESt i ng,

the wirel ess .co | cati.on deyi Lcati |
W rel ess ESN ati on 5 acocst [ phed, ERETHALEDErIAsRISt 8%, |,
Wi | e t heywahove Hallea lHstes MEBNgeSpéhasetonbydeinnky taisniceilmuhazedept abl e
signal -to-noise ratio, this is for illustrative purposes only.
Speci f i calShgnadadtd TEHgEe dit 1 adieal By thAcIyBETHB: KeSUATRIRRRSa e i8I e
si gnal -t o-nqji se ati XJ c bl e signal-to-noise ratio
(which i sfq]qus %&%ewélﬁeq{#n?tn% %%gg%taa %gégi'gnal -to-noise ratio
10 The above-listed signal-to-noise ratio ranges are for

illustrative purposes only and can be tailored to address

the specific communication needs of the computers

communicating, the wireless communication devices, the

communicatiocn channel, the wireless communication protocol
15 (e.g., IEEE 802.11a), and so forth.

While the above table lists ranges that include only a
minimum acceptable signal-to-noise ratio, this is for
illustrative purposes only. Specifically, each range can
actually include both a minimum acceptable signal-to-noise

20 ratio and a maximum acceptable signal-to-noise ratio (which
is just below the minimum acceptable signal-to-noise ratio
of the next higher transmission rate.

an example of these signal-to-noise ratio ranges (for

an IEEE 802.1lla protocol channel) is shown below:

Data Signal-to-Noise

Transmission Rate Ratio Range
(1) 6 Mbit/s 1.2~3.7dB
(2) 9 Mbit/s 3.8~4.3dB
(3) 12 Mbit/s 4.4~69dB
(4) 18 Mbit/s 7.0~10dB
(5) 24 Mbit/s 10.1~13 dB
(6) 36 Mbit/s 13.1~17.6 dB
(7) 48 Mbit/s 17.7~18.9 dB
(8) 54 Mbit/s 19 dB and above
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si gnal - tbewmei$¢stati sigaageso-natbeof-avhibchahgess aaspeskf yaidat fas
transm ssion rate gssociated with it. A range sel ection process 46,

i ncluded ?HeFFgﬁg aERohraRaPesSsdPasEAEAL 2apPeedated2wish| étts t he

si gnal -t o- nojpSgankat L) LAPYS tgg oppas -sikgnal -to-noise ratio 40
cal cul at ed by Sﬁﬁécalculatioﬂ r%gggg ggf Egglﬁﬁgda %vgrfﬁsgngéanexanple,
the cal catat edjssymahttprooése #2fiselsctd2tRd dBganl-tbbhaoekere, the

si gnal -1.0- nQi ratio range that range sel ection process 46 selects is the
fifth r%%%gs %%pgg,kgﬁglggﬁoﬂfﬁss%ﬁiEﬁgiEﬁaniGEBGBQéS?aFPBlPaﬁQe has a
data treaboussted bateNRfc2ichDapesnSeeepdsasseci argd whihapdgelt. Once the
appropriate signal-to-noise ratio range is selected, a transmssion rate

sel Bct i Bh2pPBceEI™Ee adf ket G2l eheated asignatnteshohseatetdd Lhe
variabl g;rgheqfalay, therefore, the signal-to-noise ratio range

that range selection process 46 selects is the fifth range

(i.e., 10.1~13 dB). This signal-to-noise ratio range has a

data transmission rate of 24 Mb per second associated with
15 it.

Once the appropriate signal-to-noise ratio range is
selected, a transmission rate selection process 48 adjusts
the data transmission rate of the variable-rate data
communication channel 12 to the transmission rate specified

20 for that particular signal-to-noise ratio range. In the
above-stated example having a signal-to-noise ratio of 12.04
dB, the appropriate data transmission rate is 24 Mb per
second. Accordingly, the transmit side 24 of variable-rate
data communication channel 12 will transmit data to the

25 remote device it is communicating with at a data
transmission rate of 24 Mb per second.

As explained above, the calculation of the signal-to-
noise ratio 40 of communication channel 12 is a prerequisite
to setting the channel’s data transmission rate. Therefore,

30 if the SNR determination process 20 cannot determine the
channel’s signal-to-noise ratio 40 within a defined time -
period (e.g., 2 seconds), an iterative rate determination

process 50 is available (as a supplementary determination

7



comuni cation channel 12 to the transm ssion rate specified 20 for %baiUGZNE
- particular _signal-to-noise ratio range. In the above-stated exanple having
a signal WO ratio of 12.04 dD, the appropriate dat FEENIMEEi on
rate is 24 Mo per second. Accordingly, the transmt side 24 of

vari able-rate data communication channel 12 will transmt data to the 25

r enot e pdedesss )i ttd sseoniumt celtanee W ¢ dataatyangmissanenirgseon rate of 24
Mo per _second. As expl ai ned above, t C u [ . . ' |-t 0- noise
ratio i’@’:&fo%rﬁﬁﬁﬁ%ﬂgﬁ%ﬁ %%%n%aelllsiﬁﬁ% gk%r érgﬂe:&%%%%%gtlgg ofbg%?: %‘lsr?g t he
channelg$ wWatige ti@sTe S66 0fe f @t®ind henhef aignald3@d-hotike SHRidetodr ni nation
process 20 cannot determ ne the channel's signal-to-noise ratio 40 within a
def i nechammel pe?i cali¢le. 8 2 PosleceriByctign i 081 &#ar@elat e det ermination
pro%ess. O is available (as a supplenentary determnation 7 2 8 AUG 2006
WO 03/ PCTF U503/ 03767 process) to set that channel's data

transm ssi onThat Brerdaiiyousasit dat éoménaaicnawseddss SHR idetlerddsnatr on
process 20 to be unable to determi ne_the signal-to-noise ratio of channel
12, suchnhisial | Bate cdRREEREORYOBPSEhaRnéPTs5 SEHteme e &2tthe iterati ve

rate de Pér%rﬂﬁ%éf@np£99§55f59ai:£‘§ﬂ3k'ge§a€@ daiet i mnfudii®38ldrd Ng process 52

for setiing t data transm ssion rate of variable-rate data comrunication
channel ciZnthel t hz dat aher dasai ssapani gsé orhae teoritedp ety aspdnsis Heo

| ast -detern ned signal -to-noi.se ratio. Continui.ng with_ .th v.e- st at ed
exatfpl etDgj 28¢ rAisCF AL ned) Eﬁﬁﬁ?éaggraﬁéﬁﬁ ES i s e éoéiﬁl&u\r}glg tl@”éh db, the
data trgnsnkssi@nstatedWasanbdst sehcby theanyBs danulaitesaelgnidlon process

48 to 24 Mo per second. Assunina that the signal-to-noise ratio is 15
t enpor atptyohipavaet apl wator2cR4nfAel the (GRtE Aranel swiqn gpte was

last set by transmission rate selection process 48 to 24 Mb
per second. Assuming that the signal-to-noise ratio is

15 temporarily unavailable for channel 12, initial rate setting
process 52 will set the data transmission rate of channel 12
to {(or, in other words, maintain it at) 24 Mb per second.

Once the transmission rate of channel 12 is set, any

time a packet of data needs to be transmitted to the remote

20 device, a data transmission process 54 transmits that data
packet at the current transmission rate, which in this
example is 24 Mb per second.

Whenever data packets are transferred to a remote

device (via the transmit side 24 of channel 12), upon

25 successfully receiving that data packet, the remote device
transmits a confirmation to the sender of the packet
acknowledging that it received the data packet successfully.
In the event that the data packet is not received or is
received corrupted, a confirmation will not be sent.

30 A receipt confirmation process 56 monitors the receipt
of these confirmations (on the receive side 22 of channel
12) to determine if the data packets transmitted to the
remote device were actually received. A transmission ratio

8
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channel yel2), 4t @ HietRiAAL dff d:he dalk ac kel sh 4 Ansh thg;‘?ic&;@azt he renote

device were actually received. A fransmssion ratio 8 006 WO

03/ 07. 5503 nPOL/EE308! EBTERsdetSdr-n It axgmmleessiHe, Wi ghadlestrespbdnsi ve to
recei pt onfirmation pr.ocess 56, .deternm nes.a transnission ratio for
communi 8T POl SHRartEn a3t oA £ PRt MeET'on IR TR (AMbqatY To-the number
of packeksesuecessidd | tHeeaalarehiRisildie oy a6 H devjee. (as determ ned by
recei pt confirmation C{)rocess 56), versus the nunber of data packets

trad8nitted By d&Eded rhiedif sShd® prrecessi vy ratg dskamphiaatforp, 700 packet s
of Ut 2rueks sl inHfl) (R Jad Dbl PR Ll o8 A Ay A df3 o peLe
received, the transm'ssion ratio 1s : o1 Sated A OC\’/e, this
iterati vhanaied deX eramineat iben defreate st OyTEBNRD el dtsath et dtheprocess
si gnal - ﬁ EOi se rati,o 40 of ¢ ar}n%l, 12. cannot he determ ned by SNR
det er mi #8t 6% ﬁré%giﬁed period o ime Iterative rate
determination process 50 is configured to monitor the amount
15 of time since the signal—to—noiée ratio was last
successfully calculated and, if it has been longer than the
defined period of time (typically 2 seconds), iterative rate
determination process 50 may be used as a supplemental rate
determination process. Further, since the transmission rate
20 of channel 12 is initially set (by initial rate setting
process 52) to the last SNR-determined data transmission
rate, it is possible that this transmission rate will need
tc be readjusted by looking at the transmission ratio
determined by transmission ratio determination process 58.
25 In the event that the transmission rate is too high (with
respect to the level of noise present on the channel), the
transmission ratio will be too low. Conversely, in the
event that the transmission rate is too low (with respect to
the level of noise present on the channel), the transmission
30 ratio will be too high.
Accordingly, a transmission ratio comparison process 60
compares the transmission ratio determined by transmission
ratio determination process 58 to a defined acceptability

9




20 for a defined period of time. Iterative rate deternination proce$ Kf 2006
- confi gurevg t)gmgmg;{]t or the anount 15 of tine since the signal-to-noise

rati o was PP ccessful Iy calculated and, if it has bec?CTBM§O7dhan t he
defined period of time (typically 2 seconds), iterative rate determ nation
process 50 may be used as a su&plenental rate determ nation process.
Furt hebatsincg@ndfe (g -dhonixki 9%t at Bndbeob08naRdeP0F2are itypdcall y set (by
initial ' ; ; t - et er.m ta
transm\csa{sllq%)eﬁs %%de%ﬁl%é;q%?ss(?%f}'éﬁ?%aggg%ﬂgg%)?g% g:%tomr?n ?%P Wi ll need
to be reagiaisteid:dy danokiagradsélieotr iosarsdi 60 maklto spaetidhi ned by

transm ssion ratio determ nation process 58, 25 In the event that the
t r ans 3T AN rERBIENIY Fi ghRWFehlY r eEPBcLOVETL REA &FelthsF TaRgese present

n she qhaneldo f e 1LQNSTESLEONE ALLOLMELD DRe 00 ks Saayer sely, i

the event”that the transm ssm% rate i1s too ow(vmtah respect to the
| evel aofatiod sks ppeskrw tOmit heomhanheb) johhent chrsohssinel i%0 ratio will be

too hi gh. Accardi ngl transim ssi rati o _conparison process .6 compar es
the 11 Pind CEAE Mo LB IaE " Phe ! BheRe RS mRao Taey dtnied e on
process K&+ aslefndegaccepiabi khty, 9 @oﬁvéyﬁeag%th\éo 3729l

PCT/ US03/ 03767 ratio range (e 50-90% . While 50% and % are typical

val ues @hathelefange t - def | %@%Igé’éééf?aﬂ_aﬁi Fheyppantoatr afigeh thitese val ues
canbe 236 O bPELeth {95 TEE rSBRCLELE ARRLEN LT SpPIA, TV cal Iy,

t he | ower én range 5 I'nes the poln ich the
transm@sdnel o iveiy soliamléehat Acoghibi patingn @hd he-aatmiirelions
unreliable. At this point, the transm ssion rate should be |owered to the
next | okike rdR. PeorReeel YO the Bpier légBeTroFatle range (e.g., 90%

defines the Pﬁigﬁeaév¥ﬁicbhégethe calculated transmission ratio is

outside of this defined acceptability ratio range, a

15 transmission rate adjustment process 62 will either raise or
lower the transmission rate one step to the next available
transmission rate. At this point, a new transmigsion ratio
will be calculated for channel 12 and again compared to the
defined acceptability ratio range to determine if additional

20 adjustment is required. If the new transmission ratio is
acceptable (i.e., it falls within the defined acceptabiliﬁy
ratio range), data will continue to be transmitted at the
current transmission rate. However, if the transmission
ratio is still either above or below the defined

25 acceptability ratio range, the transmission rate will once
again be adjusted. The following table specifies the

available transmission rates for the IEEE 802.11(a)

protocol:
IEEE 802.11(a) .
54 .0 Mbits/second
48.0 Mbits/second
36.0 Mbits/second
24 .0 Mbits/second
18.0 Mbits/second

10



10'transnk;s on_ratio is so high that communication on the channel2 BsAUGegdjt
reliable. Q'W‘Hi”g’?"poi nt, the transm ssion rate can be rai BEOUS@/WMN next

hi gher rate. In the event that the calculated transm ssion ratio is

outside of this defined acceptability ratio range, a 15 transm ssion rate
adj ust nent process 62 will ¢iihep Mhise/secohdwer the transmi ssion rate one
step to the next available |[tramcmMesdcsadey At this point, a new
transmssion ratio wll belca givdad fadcSi@nnel 12 and again conpared to
the defined acceptability rattoTange to determne if additional 20
adjustnent is required. If the new transmssion ratio is acceptable (i.e.,
it falls witBhast hepdeficnse adjgeptalnti tii .er.at irairsdmge)andfatra Wi | | conti nue
to be transnitt current .transm ssi, rate., However, if the

d at_the
ranoni SOSRNPE PE FRCoFFARoBLARAPAABEFE OF el Gt ot itig 255
accept aabh%yabaéi'@raﬁaassstiaﬁ bBRAgMi$SI@Mm ikl W I | once again be
adj ust ed. e follow ng table specifies the available transm ssion rates
for & he | EEECe0Rinuiny wpkot bbel aboFEE s862 et exaaplehs theMprct/smdond 48.0
Moi t s/ second. 36_0 LLS cond_24.0 Miits/second 18.Q Miits/second 10 WD
03/07.535@821§ gfkﬁggbé'&ggffugﬁgl6?76?uf§9§ PSEIEEHHE™ §3r Wit s/ second
6.0 Moigs/ mecpad dbtenaepetitt i ¥e adhusdmeBovl,. &nly &, 316 FNY 600

.lowering) of the transm ssion rate will continue until an
packets were received by the remote device, the transmission

ratio would be 43.07%. This falls below the minimum

10 required level (i.e., 50%) of the defined acceptability
ratio range. Therefore, since we are below this minimum
required level, the data transmission rate will be adjusted
downward (by transmission rate adjustment process 62) from
36 Mb per second to 24 Mb per second. Once the transmission

15 rate is lowered, data packets are transmitted to the remote
device and transmission ratio determination process 58 again
determines a transmission ratio for this lower transmission
rate. Let's say, for example, that out of 2,700 packets of
data transferred, 1,369 were successfully received by the

20 remote device. The amounts to a transmission ratio of
50.70%. Since this transmission ratio is within the defined
acceptability ratio range of 50-90%, the transmission rate
will be maintained at 24 Mb per second.

As long as the signal-to-noise ratio continues to be

25 unavailable, this checking and rechecking of the
transmission ratio will continue and adjustments to the data
transmission rate, if needed, will be made. For example, if
a transmission ratio of 92.40% is subsequently calculated
for the channel (which is currently communicating at 24 Mb

30 per second), this falls above the maximum required level

(i.e., 90%) of the defined acceptability ratio range.
11



acceptable transm ssion ratio is achieved. 5 Continuing with the 9238 AyG 2006
- above-stated exanple, the protocol wused is |EEE 802.11(a) and the current
transm sSTQMBPEY is 36 M per second. If, as stated aboRET/HHM3167163 of
2,700 packets were received by the renote device, the transmssion ratio
woul d be 43.07% This falls below the mnimum 10 required level (i.e., 50%
of the Tthefriafedenccaptabive tare radawe rangemaThousf veapisedcéewelar e bel ow

this mnimum required |evel, the "?P?Eﬁet ranam' sEi gn rate vvid)l be adj usted
downwartdRe( KR 58 dSREs St Pt e B j He process 69PVEFom P¥6 Mo per
second 1,0 24 .My par .SACoNdy: ONGRAN Gt b88SHT §8) OBrohb24aMe bey owered, data
packets are transmtted to the renote device and transmission ratio

det er migeatdroh tpy e Mb G8ageersondlet ermines a transnmission ratio for this

| ower transmissi.on rate Let's, say, for ex | "that _out of 2,700
pacRets of g r%%}‘gﬂj“ﬂf%%gr%%% §8§g§§‘§?8| HB/ %Dg'cei ved by the 20

r enot e (AW LE aTNE PP U SetOedddd apshisai 68 takko (ef g.50100% Since this
transmssion ratio is wthin the defined acceptahility ratio range of
- 50- 90%sadrnds ansihe ke raTaNSHE $F10R Harft APnEGHFedstRo 856 second. As

ong s Lie.,si Anal 1101 00) ST AL GrgONL hBUBSuhAnkear 2B URANRIeADl e, thi s
checki ng and” rechecking o The~ Transmssion raiio wll continue and
adj ust reftiisedoi diecsidtlae teassabbssbadr at Batif treeded ssvidn recerade. For

exanple, if a transmssion ratio of 92.40%. S subse uen%l%ecal culated for

t helOc haFRTRE QIR ERCESS chf r &Rt RYSCoRRBAIBREFAg EQt TOR VG T3 PUAHINd), this

falls qggvfiﬁgesfﬁéényﬂérggﬁhﬁfdtéeﬁgkse(Ea%io 9@% 1@fstt he defined
acceptability ratio range. 11 2 8 AUG 2006 WO 03/075503 PCT/ US03/ 03767
Ther ef oseccesafel p arbcabavedt he FhREMim A&quisr denigerelthan Hariedat a

transniggéggdégtge¥égé 8? ggkg?tEgeugg%gdt&%%smission rate will be
reduced to the lowest available rate in order to reestablish
15 the connection. .
Further, since the preferred method of setting the data
transmission rate of channel 12 is based on the calculation
of the signal-to-noise ratio, SNR determination process 20
continuously tries to calculate the signal-to-noise ratio of
20 channel 12. In the event that the signal-to-noise ratio 40
of channel 12 is successfully calculated, the transmission
rate of channel 12 will once again be set based on its
signal-to-noise ratio.
- Referring to FIG. 2A, there is shown a flowchart that
25 exemplifies one embodiment of the above-described process.
Referring to FIG. 3, there is shown a data transmission
rate adjustment method 100. A variable-rate data
communication channel is monitored 102 to determine its
signal-to-noise ratio. The data transmission rate of the
30 +variable rate data communication channel is adjusted 104
based on its signal-to-noise ratio.
Adjusting 104 the data transmission rate includes
comparing 106 the signal-to-noise ratio of the variable rate

12



transm ssion rate adjustment process 62) from24 M per second to 88 Ais 2006
per second. WO®/G7R®3si gnal -to-noi se ratio continues to be upa¥RishaRhe for
an extended period of tinme (e.g., 10 seconds), the data transm ssion rate
is reduced to the |owest available rate so that the comuni cati on channel

connect i OREaN RSnf@est P! s hahnhBl ac b r aasIbes| -giﬂﬁééi ?téQntBEgU ehpRoCcess

19 is also configured to nmonitor the anount of si nce
si gnal -t o-U¥GIGSE r @ Swbetiuibng 0@ cekef asigpatatouvhated sattibatanbeit is

| onger than the extended period. of tine, the data.trapspjssion rate wll
be reduc%§Qﬁ)?9&9T@ﬁ@§?se£hﬁI%&ﬁ%ﬁia?% PRLBPaErELE ?Eeg#QbVF§Hagi§ t he
connect i OrgdaUrdded , cShreei dhel ok efigahedl net hod of setting the data
transm ssion rate of channel 12 is based on the calculation of the

si gnal 5t 0- noi s&¥22¢ 22 GNR HEte} nt PP bBE prateesrangechat Aasogshyetries to
calculatedgg%:% éiP'QQ% ar€§éﬁ§8£§§90ﬁhggggl %ﬁ?lln the event that the

signal-to-noise ratro 4 channe 'S success 9aEalculated, t he

transm ssitomngmat s 0bn charmed s lighe vhr DaSEe agat 8 Betsetokmsadcanibhs
signal -to-noise ratio. .Referring to FIG 2A there is shown a flowchart
that 25 SOETSY iRR PRV ot heht© ofC t Hee apboel Begcirbadt prpsaission

Ref 1 1110 11 Fledacles A G 5, ooy 821 8q £ 20503 555 o1 BLC A0k yst ment

met hod 100. A variable-rate data conmmuni cati annel 1S nonrtored 102 to
det er M ne damnge si gnal -t o-noi se ratio. The data transm ssion rate of the , 30

variable rate t a. .comruni cation_cha | is adjusted 104 ,based on its
signal -to-noi s ?%ﬁ?%flgﬁu{égi?mYﬁfﬁg$ﬁ ’H%E%.%?Eﬂsﬁ?@@PBﬁc?EE@nincludes

conpari ng cHifridie sidnaded QidtdsRihid 0108 4 NeoyaEi 8bhRat akBreddtR 8 AUG
2006 factor for the receive side of the variable-rate data
communication channel during a non-transmission period.

15 Monitoring 102 a variable-rate data communication channel
also includes determining 114 a received signal strength
factor for the receive gide of the variable-rate data
communication during a transmission period, and determining
116 the difference between the received signal strength

20 factor and the noise signal strength factor. This
difference is a data signal strength factor.

Monitoring 102 a variable-rate data communication
channel further includes determining 118 the signal-to-noise
ratio of the variable-rate data communication channel from

25 the data signal strength factor and the noise signal
strength factor.

Method 100 includes iteratively adjusting 120 the data
transmission rate of the variable rate data communication
channel if the signal-to-noise ratio of the channel cannot

30 be determined for a defined period of time.

Referring to FIG. 4, there is shown a computer program
product 150 that resides on a computer system. Computer
program product 150 includes a computer readable medium 152

-
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WD 03/ 075503 PCT/ US03/ 03767 data comuni cati on channel to various . ‘
- signal-to-noise ratio ranges, and selecting 108 the signal-to- nok %e*%?%
range that vemexeEsssses the signal -to-noise ratio of the varighygsosdd®
data communi cation channel. 5 Since each signal-to-noise ratio range Is
associated. wth a specific data transm ssion rate, the data transm ssion

f iable ¢ d [ [ 110
{he. speciTHa. dRra" PP anGneEer bAOIPare abboty it TE i ot e

si gnal - t gy Rek8EskRt 196 10charee £ hiBnipretiergck02 56 Vies | abhet sat esslad a
comuni cation channel includes determ ning 112 a noise signal strength
factor fovaxrhablecspve Spde SPHHEIFACILR ChaineHata debshbhPeatFon

channel d a, pop=transui.ssi o [ g}m’t j 0 [ e-rate
dat a com‘r%{nélj({:l% i—gﬁ gﬁ%%%e?@tgﬁs'o%ioﬁ?ﬁl&%g‘sp}e%term n?%%a%i% %5636%6 l\llg{él)gsi gnal
strengt h 1§acthe 8atat heansodised o datef dtheharvabisblatzatatdata

communi cation during a transm_ssion periaod, and rg%[ern‘i ni ng 116, t he

di f f er enceOPBERRERLLRB FEEINFEd PESERLIOTS trdhgi1P 2R T Bt BPL SAd #htC noi se

si gnal Stfengtfﬁ{o%we e medit sl @Eenemdut & dadAasbgbahegitigNgth factor.
Moni toring 102 a“vari abl e-rate data conmmini cati on channel further includes
det er mi ni age 11Batrfedssfndritve A6i2se t apat idriofe thed vacpabtalrdriveal 66 ;
communi cation channel from the data signal u]g,zé.engta facéor gnd the

noi se si ghafP dFre¥gtheiad B\ BER6F 1 BT i FBFat PO §74dj usti ng
120 the dgb@oryrapsm ssion rate of the variable rate data comunication
channel if the signal-to-noise ratio of the channel cannot 30 be_determ ned
for a defined pehesdepbodimentRefedre iWiFhin e acophepé FBeshehhoying
conmputer program product 150 that resides on a conputer system Conputer

14



program product 150 includes a conputer readable nedium 152 13 WO OS/O?%?%%
PCT/ US03/ 03767 that stores instructions 154 that, when executed b 6
processor 156, cause that processor 156 to monitor 158 a variable-rate
data communi cation channel to determne its signal-to -noise ratio.

Conmput er ?ggﬁgn1product 150 adjusts 5 160 the data transm ssion rate of

the variable rate data conmunication channel based on its signal-to-noise
ratio. Typical enbodi nents of conputer readable nmedium 152 are: hard disk
drive 1621.taper dethedl6émpopeicgl: drive 166; PAID array 168; random access

menory 170; and reagopgby,ihQ UPHRLY abie. atheh eaPadiiEAL BagienM thin the

scope of the followmng cla t hod
conpri si nghanoait bpi Agtarvanrabre- pageadata- é@ﬁﬁﬁnrééﬂpmnanéhannel to

deterngne its si gnahdﬁ@sﬁ@hgethat aataaeéaﬁsa%g&bhngataeodat:aet farsEb3si on
rate of the variable "rate data co ﬁahlon ase

ann 0
G gnal - t O AP <8e CRaCPBICRREAEEAm RBSHBEROR= PO RBr EBnArFo8L FPratFFel y
adjustlngrhbeodawaekeansnhesmenhbdtéumthetheompruabbe rate data

communi cati on channngkgtEQ 1 |gagLSE 1 hgoaggar@Eégsﬁasgggncggggegf

cannot be determ ne or a i ne of t of claim
1 mherelnthaluaadpbialmgtﬁhéaﬂétéommpaﬁ§ﬁté§noﬁhﬁaﬂ@1|hélﬁh@sségﬁﬁérﬁ@g t he

signalst OangéeréeabOofofchteh%hgahb@bhsnhat;ebeaaeteemeac%koa ebanpel to a
plurality of signal-to-noise ratio ranges. 3. The method of claim?2

wher ei n sﬁ?§19é18§ch@ethe dat a

2. The method of claim 1 wherein said adjusting the data
transmission rate includes comparing the signal-to-noise ratio
of the variable rate data communication channel to a plurality

15 of signal-to-noise ratio ranges.

3. The method of claim 2 wherein said adjusting the data
transmission rate further includes selecting the signal-to-
noise ratio range that encompasses the signal-to-noise ratio

of the wvariable rate data communication channel.

20 4. The method of claim 3 wherein each signal-to-noise ratio
range is associated with a specific data transmission rate,
said adjusting the data transmission rate further includes
setting the data transmission rate of the variable rate data
communication channel to the specific data transmission rate

25 associated with the selected signal-to-noise ratio range.

5. The method of claim 1 wherein the variable rate data
communication channel is a bidirectional channel that includes
a receive side for receiving data from a remote device and a
transmit side for transmitting data to that remote device,

30 said monitoring a variable-rate data communication channel

includes determining a noise signal strength factor for the

15



transm ssion rate further includes selecting the signal-to- noise ratio
range that enconpasses the signal-to-noise ratio of the variable g gatgela0e
conmmruni cation channel. 20 4. The nethod of claim3 wherein each
signal-to-noise ratio range is associated with a specific data

transm ssi@Rekdkesidsabe adkUshi-agnlBerdataghEansfingsheBatabe tuahhen
includes setting the data transm ssion rate of the variable rate data

conmuni cafPEAREhanRen -5 2PRE1SFEOR PEYd48Ea transmi ssion rate 25 associ at ed
with the selected signal-to-noise ratio range. 5. The nethod of claim1

wherein the varjabl e rat.e dat .CO ication_channel _i i.directiona
Chenel ot | PreRonecheh° b laa fo S HRERL hORRTRART el & FaBidLhECk R0
devi ce andaaa tpansmitaside tbanneangnicitideg determéontihgt ar egoeévedvi ce, 30

sai d ni i Lahl e- a LGaLi an scharn i : _
deterg?ni%g%gggo?gégé?gﬁaﬁaé?%gng?% fggfggekg?gt%gdglgezghgukgggggggreceive
side of thateafpsbl eoparBigatacsofHiAngati SK2BRRARELCHUPPHEOS -

non-transm ssion period. 6. The nmethod of claim5 wherein nonitoring a
variable-rate data ¢ ni_cati on channel .includes determ nin received 5
SGnal ot Fengt RORaREGRORoPE: A oB0 & JBSTPAR BPHLRETIRR: AoVar RhLE-GALs
conmuni catihea dommogiaatiansohssned pecilades7dethemiptihgdtbfe didiferénce

wher ei n nLtorin riable-r d ' 1.0 h el. .Lnecl udes
deterninrﬁﬁkwgghd?P%e%%ﬁgggegef%égﬁlt%Egsggggsgéegangpgs?ggnh?%g%actor and
t he n® sesignsilgmsresgtbngertpbact vherghar 6has dhéfareneeensedi dajadat a

si gnal stggggg@ Eackapth8ralRemethod of claim6 wherein nonitoring a
vari abl e-rate data comruni cation channel includes determ ning the

signal -to- noise ratio of the variable-rate data comuni cati on channel 15
fromthe data shgnaktibaengt k1baet ar waedethempaisersngnal vastiaeigtratact or .

data communication channel includes determining the signal-to-
noise ratio of the variable-rate data communication channel
15 from the data signal strength factor and the noise signal

strength factor.

9. A data transmission rate control process comprising:
an SNR determination process for monitoring a
variable-rate data communication channel during a non-
20 transmission period to determine its signal-to-noise ratio;
and
a transmission rate adjustment process, responsive
to said SNR determination process, for adjusting the data
transmisgion rate of said variable rate data communication
25 channel based on its signal-to-noise ratio,
wherein the process further comprises
an iterative rate determination process, responsive
to gsaid SNR determination process being unable to determine
the signal-to-noise ratio of said variable-rate data
30 communication channel for a defined period of time, for
gsetting the data transmission rate of said variable rate data

communication channel.
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9. "A data transm ssion rate control process conprising: an SNR
determ nation process for nonitoring a variable-rate data cormmuni Z &t Asn 2006
channel during a non 20 transm ssion period to determne its
signal -to-noise ratio; and a transm ssion rate adjustnment process,
responsive to said SNR determ nation process, for adjusting the data
transm ssion rate of said variable rate data co ni cati on 25_channel based
on its sigfal - t8engpse F&PP&WlSﬁHQPeFﬁchEOBFaegggrpﬁﬁﬁﬁePfcﬁ&ﬁﬂﬁbés an
iterati veyhateidekaid natnemipsions Fatkesdgnsicwentt proaied sShRcdedesmanat i on
process bgggg unabl e to determine the signal-to-noise ratio of said. .
vari abl e- e CqRPa 36 Lo EAL 0 chakner“Pora §&Pihed perlog of i e,
for settpfigthkevdatiabileamsiressiaon camaunficesidnyghpabke tate gatxrality
connun%cag%ogiggg?ngk_n$§8% $a8YG 2006e510. The data transm ssion rate

of C

control proces alm 9 wherein sard transm ssion rate adjustnent
process includes an SNR conpari son process for conparing the

signal -to1nQi seheatik@a @kahRaivaibablateatendaba peBEUBLCAL enachannel to a
plurality 5 of S|gggl-to-n0Lse.rat|o ranges. ata transm ssion

11. The d
rate cont PBFTHFBc88 Yof “APEMTEEd P WHEFEI AP HEE EFranERPSEPEn THAEES4d) ust nent

process ftnthetesi aclrades aelangedosecbectiess fivacesdcetoingebestonglato-

signal -to- _nois i g a e he.si.gral-t 0-nQis io 10
of “The varPABFo REE AaratoinCoarrAsanantr S Loyl el 2k ], o)
rate ¢ont Pl tpeovessabiecirarm datawgereunicashosachasngaal -t o-noi se ratio
range i s associated wth a specific data transm ssion rate, said

transm ssion rate _adjustnment prqcess further i cluding a transm ssion rate
15 sel ectirén prBEesetRoFraoEMiRg 1PRe T4 COPERSEN BEPER5FaPE Gfalm 11

wherein each said signal-to-noise ratio range is associated
with a specific data transmission rate, said transmission rate
adjustment process further including a transmission rate

15 selection process for setting the data transmission rate of
said variable rate data communication channel to the specific
data transmission rate associated with the selected signal-to-

noise ratio range.

13. The data transmission rate control process of claim 9

20 wherein said variable rate data communication channel is a
bidirectional channel that includes a receive side for
receiving data from a remote device and a transmit side for
transmitting data to that remote device, said SNR
determination process including a noise signal determination

25 process for determining a noise signal strength factor for
gsaid receive side of said variable-rate data communication
channel.

14. The data transmission rate control process of claim 13

wherein said SNR determination process includes a received

30 signal determination process for determining a received signal

17



sai'd variable rate data comunication channel to the specific data
transm ssion rate associated with the selected signal-to- noise r&fi UG 2006
range. 13. The data transm ssion rate control process of claim9 20
wherein said vari abl e rate data conmuni cati on channel is a bidirectional

channel @Eeh Ehu@§§t@rr?%§'%§1%!@%c@@%erggabvb@gsggbavg&gnger%@Q@e
devi ce an ansnlt side for transmtting data to that renote device,

sai d SNR déé?eFﬁWW&PFGﬁtﬂpﬁc€§§nPﬁélGHFﬁﬁgaan6F§€S§F§ﬁéPnd€F§ﬂﬁﬁnat|on 25
process for determ ning a noise signal strength factor for said receive
side of said va iagle rate data conmuni cati on hannel . 14. Taﬁ .dat a

transm ssiton rafE OBk GEPEBLESI OB TSI MO8 TOMNBFrErR=8alrd Shpim 14
deterninaWhememhoeaaﬁ SNEl decerainaecdioveprddesisgiakclddeer ai datieosipnhadess

for defernipiog, AakI6H &g%cz'%n%' éét%rg ﬁyﬁ§299@ di%gsggh% fagtor EQV

said recerve si varlab e rate onmmuni cation c annel a
t ransmi sseeadpeecedvedl 5ignad gsrangtinsricssroandaseidonpise ﬁﬂ@@@és of

claim 14 s‘ﬂ’@@h%'tﬂ gakd SNRyplet-eri Ratidoniprecessel Rel Hdesta dabaagi gnal 5
determ nati on Bp%ss for determining the difference between said received
a

si gnal stFEHSPHt f6F°4nd sai d noi se signal strength factor, wherein said
difference is a data signal strength factor. 16. The data transnission

rate contiol B IEESReRh FraldBe 10 YhecelnRald SUR-deteryl natlgn B ocess

i ncl udes SNR ulatlon process for term t 0- NGi se
rati 010 of whaird inaseabl éNRatietdmn@@mnpmtcesﬁ cnazﬂméIESf IaoﬂNﬁal d data

si gnal Stesmghﬁaéaekogr%a@sgafgrnab%%ra'g@ﬁp %5&9”3W%naﬁagbohoé%é Yocithe

data transm ssion rat contr ol rocess O aim?9 ereln sal
vari abl e- PAt 82dgt HaEdARLRI- 6§ttﬁoﬁ1a§ﬁaﬁﬁé‘mu@éﬁatlon channel from said

data signal strength factor and said noise signal strength

factor.

15 17. The data transmission rate control process of c¢laim 9
wherein said variable-rate data communication channel can
transmit data at a plurality of data transmission rates, said
iterative rate determination process including an initial rate
setting process for setting the data transmission rate of said

20 variable-rate data communication channel to the data
transmission rate that corresponds to the last-determined

signal-to-noise ratio.

18. The data transmission rate control process of claim 17
wherein said iterative rate determination process includes:
25 a data transmission process for transmitting data
packets, via said variable-rate data communication channel, to
a remote device; and
a receipt confirmation process for determining if
said data packets transmitted to said remote device were

30 received by said remote device.
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transmt data at a plurality of data transm ssion rates, said iterative
rate determination process including an initial rate setting proces8 Aufr 2006
setting the data transmi ssion rate of said 20 variable-rate data

conmmruni cation channel to the data transmi ssion rate that corresponds to the
| ast-determ ned signal-to-noise ratio. 18. The data transm ssion rate
control process of claim1l7 wherein said iterative rate determ nation

process i A8k udege dgbastHansmEFsAoR £8F6n CRREERSsPEBFeERaRinfL Ay 18at a
packets, wharsahdswad abkeatdve data defeunication phapeek, iheludekespt e

devi ce; and a recelgt confir %%on. rocess_for det rnigi if_.said data
packet 5 { FAABAIEESACT0 P84HE PERSCRIHEVACR REPESSE Fote ob By R0 et e
device. 18r2n8mABGi2006ati®, Wherdanastidnswhssmémsieterebnbr és process of
claim.l8 yaarelp;sai d 'EﬁEaEb¥?or%Eedg@BeF§FR3E50QeBEQ%EEZbyP%g%dﬁimﬁte

transni ssion ratio determnation process to eterm ni ransm ssion
rati o, whéewineszrydsupadsfipsprEietat toansmstiandi cat the semphe dgviigesf data
packets received by the renote device versus data packets transnmitted to

the renote device. = 20. The data.transm ssion rate control _process_of claim
19 wher e?R-sar € f8Fat franPRLeSdePer AT RafPERTBrobESs PRcPhdEs 2 R 1°
t ransmn ssiwhareahi saddnparrscnver eaeses detoerhdnaodpar prgesaisd ihradngemsssi on

ratio to adefined acgepialliLiiy, Lakhg LaRASyi38d B bbagsmesyi on rate
adj ust ment process Tor adjusting fthe transmssion rate of Said

vari atl e- canpagang eedfukireasmérsienamasiol for asgehdacdoasgrptabandmyssi on
ratio bei pgrout $helgel5a0f said defined acceptability ratio range. 21. A

conput er program product residLn% on a c uter readable gediu .havi.n
i nstructions stored3 REPESALRRLOR, TRkEnadiustment process for adjustin

the transmission rate of said variable-rate data communication
channel in response to said transmission ratio being outside

15 of said defined acceptability ratio range.

21. A computer program product residing on a computer
readable medium having instructions stored thereon which, when
executed by the processor, cause that processor to:
monitor a variable-rate data communication channel
20 during a non-transmission period to determine its signal-to-
noise ratio;
adjust the data transmission rate of the wvariable
rate data communication channel based on its signal-to-noise
ratio; and
25 iteratively adjust the data transmission rate of the
variable rate data communication channel if the signal-to-
noise ratio of the channel cannot be determined for a defined

period of time.

22. The computer program product of claim 21 wherein said

30 computer readable medium is a read-only memory.

19



executed by the processor, cause that processor to: nonitor a varialy QUG%M%
data communi cati on channel 20 during a non-transm ssion period to
determne its signal-to- noise ratio; adjust the data transm ssion rate of
the variable rate data communication channel based on its signal-to-noise
ratio; and 25 iteratively adjust the data transm ssion rate of the

vari able rate data conmmuni cati on channel if tge si%nal-to- noi.se rati o of
the channéP -cafindfthe tdBREMISREA §ALE GOPFREG FEPFE6E GPYPrAELITZS. The
conmput er program prad@dtsel compunidly deeteieninalddilg eoffputer wieadalblse
nediun1isca %e%gag@hgnng E%m-lg 2 8 AUG 2006 23. A data transm ssion rate
control sygFeH1conpr|singg a first conmputing device including a first

W rel ess conmuni cati secoORst epmpatiagodgvierpincayddagi eesegenddi ng a

second; 5 yi-ehess commupication system, wherein said Fikst and second
wi rel ess communi cation systens foima variable rate giéa conmuni cati on

channel bWE#EERSSaF@IFLCAZAR s E¥SRETEohPET AgVadeFPess FahReF8 A each said
wirel ess eefmupRieation shaheal betiweehudasd #iShR deteserpadi epmpuedess for
nnnitoring said_variable-rate data comuni cation channel during a non-
transni ssFoN f&Pfod to determne its signal-to-noise ratio; 15 a
transm ssi on rate aghesereneapghosess, wiredpsssicvamtinisaicd o8NRysd&esr m nat i on
process, fQLiyAdLYsting the data transmission rate of said variable rate

data communi cation channel based on its signal-to- . , _
a SNR determination process for monitoring said

variable-rate data communication channel during a non-
transmission period to determine its signal-to-noise
ratio;

15 a transmission rate adjustment process,
responsive to said SNR determination process, for
adjusting the data transmission rate of said variable
rate data communication channel based on its signal-to-
noise ratio; and

20 an iterative rate determination process,
responsive to said SNR determination process being unable
to determine the signal-to-noise ratio of said wvariable-
rate data communication channel for a defined period of
time, for setting the data transmission rate of said

25 variable rate data communication channel.

24. The data transmission rate control system of claim 23
wherein said transmission rate adjustment process includes:
a SNR comparison process for comparing the signal-
to-noise ratio of said variable rate data communication
30 channel to a plurality of signal-to-noise ratio ranges;
and
a range selection process for selecting a signal-to-
noise ratio range that encompasses the signal-to-noise

ratio of said variable rate data communication channel.
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noise ratio; and 20 an iterative rate determ nation process, responsive to
said SNR determ nation process being unable to determne the 28 AUG 2006
signal -to-noise ratio of said variable- rate data comruni cati on channel for
a defined period of tine, for setting the data transm ssion rate of said
25 variable rate data communi cation channel. 24. The data transm ssion rate
control systemof claim23 wherein said transm ssion rate adj uystnent

process i Aelud&§e dgtaNRresFPEFELoR 5?5€e§§nF6P108Wﬁ5FWn8ftﬁéaémgﬁél

t 0-noi se yakireiaf eaahdswad abbaalate- dahaecaaﬁmal@ahgen153@sebamaebdto a

plurality si_gnal n0|s ratio_ran rang el ection _process
for selecWﬁ%B EPSﬁé?lgo Eglggapg |0%38H 5a@ﬁatsgﬁ§o§5§§§§§85ﬁon r3ee
signal-toadgusemenatpmoaéssafdrvaerabheluduegdatarQOHmmﬁs¢animatehannel.

20 2 8 AUg, %8991835 r00eodala, ! LRReTheston bats e20htal ss¥eheunel glal m 24

whereih each sal pﬂ f0-noi se ratfo range I s _associ ate
speci fic datd vPaASKILSsKoker dpEa §Qmﬁupﬁ§ﬁ§ﬁp§sFBﬁnpéﬂetoa&P&s?ﬁ@ﬁﬂfBFocess

further ipgkddipgnamticansh $sicenakabeiatsal @ethoBnhpr eeesstbar ssehhilngot-he
data transm ssion rate of said variable rate data comuni cation channel to
t he speC|FPésedﬁﬁﬁlPrEﬁgﬁFSS|on rate associated with the sel ected

signal -to- noise ratio range. 26. The data transm ssion rate control system

of claim 2. 1onehaceln 38k Ségﬁl?aE%t%oﬁ%EélCQQEEEHCEE'9@a§ﬁ@3@e| Is a

bi di recti onal annel that i nclu recei ve side receivin ata from
a rentd e wbeireénanaid veznaskile spge fdota ppmwgﬁp?ﬁthgndabénpélth&tarennte

devi ce, Sﬁh91§BBtlgﬁb§r@h@ﬁh@qntB5@0@%%1uaebualagcélvglggdélgaﬁl
determ nation 15 process for determ ning a nois S|%nal strength factor for
receiving data from a remote dévice an ransmit s
transmitting data to that remote device, said SNR
determination process including a noise signal determination
15 process for determining a noise signal strength factor for
said receive side of said variable-rate data communication

channel.

27. The data transmission rate control system of claim 26
wherein said SNR determination process includes:

20 a received signal determination process for
determining a received signal strength factor for said receive
side of said variable-rate data communication channel during a
transmission period; and

a data signal determination process for determining

25 the difference between said received signal strength factor

and said noise signal strength factor, wherein said difference

is a data signal strength factor.

28. The data transmission rate control system of claim 27
wherein said SNR determination process includes an SNR
30 calculation process for determining said signal-to-noise ratio

of said wvariable-rate data communication channel from said
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said receive side of said variable-rate data conmuni cati on channel. 27.
The data transmi ssion rate control systemof claim26 wherein saidd INR 2006
determ nati on process includes: 20 a received signal determ nation process
for determning a received signal strength factor for said receive side

of said vaciableshatesdakagRamEIRLeal han channgh; durkhgndy. LEagaplpsi on
peri od; and a data signal determ nati on process for de erm ni ng t he

di ff erencéabetween said received signal strength factor and said noise
signal strength factor, wherein said difference is a data signal strength
factor. 28. The data transm ssion rate control systemof claim27 wherein
sai d SNR dét er Al mathond propessingcl udes an SNR 30 cal cul ati on process for

determ ning said signal-to-noise rati% of %aig gargagLe-r%te dﬂta

comuni cation channBPPfFOAT64i & 1782 L& 3668 “84fa sgh&FePH8ngth fact or
and sajd pghsanstarabnsthanath Haetay. a 28n-ArBBEhedseonppesing: taoNi toring
a variable-rate data bidirectional 5 comrunication channel during a

non- t r ansAessirBAnpeiited signadeternrisei ratépgnahet bidérsetianpé, chpanel
bi direction hannel _ i di_ng _arecei . Sl r Lviin froma
renot e dé§?gggéﬁ8 § FF%%gk#tS%?&efpgrgﬁﬁgﬁg%ﬂgt?%Eadg?ghté ?ﬁg?%%rennte
devi ce; lQeadpesknAgat headatatt sansnitssi amanamétofinghdavar icablteatr at e dat a
bi di rectional communi cation channel based on its signal-to-noise ratio;
and iterafflelty 48Vd§Eing the data transnission rate of the variable rate
data ggnmmuni cation ghgneelngf thBedsikanakahemlssnehseatat b@ @het Bariable

comuni cati on channel cannot be determ ned.
rate data bidirectional communication channel based on its
signal-to-noise ratio; and
iteratively adjusting the data transmission rate of the
variable rate data communication channel if the signal-to-

15 noise ratio of the communication channel cannot be determined.

30. A method comprising:
monitoring a variable-rate data communication
channel during a non-transmission period to determine its
20 signal-to-noise ratio;
adjusting the data transmission rate of the variable
rate data communication channel based on its signal-to-noise
ratio; and
iteratively adjusting the data transmission rate of
25 the variable rate data communication channel if the signal-to-
noise ratio of the channel cannot be determined for a defined

period of time.

31. The method of claim 30 wherein monitoring a variable-rate
30 data communication channel includes determining a received
signal strength factor for a receive side of the variable-rate
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30. A nethod conprising: nonitoring a variabl e-rate data comuni cati on
channel during a non-transm ssion period to determne its 20 2 8 AUG 2006
signal -to-noise ratio; adjusting the data transmi ssion rate of the variable
rate data comruni cati on channel based on its signal-to-noise ratio; and

| terati vely adiughing Lhe daia Lranamsai,en.6ai8 0be 284t he variabl e rate
data communi cation channel if the’signal-to- noise ratio of the channel
cannot be determned for a defined period of tinme. 31. The nmethod of claim
30 wherein nonitoring a variahle-rate 30 data ¢o ni cati on _channe

i ncl udes ééterﬁpﬁiﬁﬁggopeeéiﬁ &lms%&nﬁpe§ﬁﬂénﬁﬁﬁd?ggﬂB?tFBB E%FeééF@e si de
of the vagi-ghkgikatien22a?e8iAYPudRA6 cotpha iagMMBI cabhan-durhBds@ ratio
transm ssion period. 32. The method of claim31 wheréin said adjusting the
data §ranr$nitssi gariabd erm@ited€steorpamiung celidogi ghannesd- Koi SePrlaired 1ty of
the variaglectate data communieat 9aqghannel to a plurality of -

signal -to-foi’Sé€ rati o ranges. : thod conprising: nonitoring a
vari abl e-rate data comuni cation |o channel to determne its

signal -to-noise ratio;, adjusting the data transm ssion rate of the variable
rate data3Commiinfe&t6n S hﬁﬁﬁéﬁ ffased on its signal-to-noise ratio; and
iteratively adjustipgntihe rdaiaat KARSELISH-RAtEALALAl cokhuhReatabhabl e rate
data communi cation channel if the signal-to- noise ratio of the

conmmmun? cathennehatreldetgrndnebd tRpRilgppddtorapigedaritaed period of tine. 23

adjusting the data transmission rate of the variable
rate data communication channel based on its signal-to-noise
ratio; and
iteratively adjusting the data transmission rate of
15 the variable rate data communication channel if the signal-to-
noise ratio of the communication channel cannot be monitored

for a defined period of time.
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